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Executive Summary 
 
The following document provides four comprehensive analyses of the construction process of the 
Maryland Public Health Laboratories. Areas of the building project were investigated and innovative 
construction techniques and procedures were implemented to stimulate significant cost and schedule 
savings. The current project owned by MEDCO will be located on the Johns Hopkin’s Science & 
Technology campus in East Baltimore, MD. This facility is to host the occupants, The Maryland 
Department of Health and Mental Hygiene, who will be using the facility to conduct medical research. 
The 234,000 S.F. project is comprised of several research laboratories and office space. It has been 
mandated by both the city of Baltimore and state of Maryland that this facility achieve a LEED 
Certification of no less than LEED Silver as this facility is to meet all requirements of the urban renewal 
project implemented within the community. 
 

Technical Analysis #1: Precast Concrete Structural System 
The first technical analysis in the report is focused on the idea of precast construction. Implementing a 
precast structural system would be a method to accelerate project schedule, as structural members are 
prefabricated during construction and are erected in short time duration. A structural analysis is 
introduced in this section to provide assurance that these precast members can resist loading that has been 
originally designed for a cast in place concrete system. In conclusion to scheduling and cost analyses it 
has been determined that a precast structural system could accelerate the schedule by 3.4 weeks and 
eliminate the need for a six day work week, without additional costs to the building project. 
 
Technical Analysis #2: Virtual Mock-ups for Façade Systems 
The second technical analysis researches the virtual mock-ups and the potential benefits the technology 
can produce. Research was mostly conducted through industry professional interviews and case study 
comparisons. Information has indicated that virtual mock-ups have great effects on the quality and 
efficiency of construction. This is in turns reduces the amount of change orders due to installation error 
and could potentially save time on building projects. If such technology were to be implemented on the 
Maryland Public Health Laboratories project cost savings of approximately of $94,710 could be achieved 
with little expenditures. 
 

Technical Analysis #3: Implementation of Dewatering System 
The third technical analysis was a thorough investigation and re-design of the projects dewatering system. 
A significant amount of time and money has been lost due to an unanticipated high groundwater table. A 
mechanical breadth is introduced in this section as a selecting, sizing and mapping of a deep well 
dewatering system is performed to effectively service the site under the given conditions. Cost analyses 
and schedule impact analysis have indicated that the lost 2 months of the current project would be save 
from a dewatering system implemented prior to excavation and a total of greater than $1.4 million could 
be saved. 
 

Technical Analysis #4: Stormwater Harvesting System 
The fourth and final analysis explores the opportunities for owner cost savings and sustainability 
improvements with the use of a proposed stormwater harvesting system. It is a goal of both the owner and 
project teams to acquire an additional two LEED credit points to achieve Gold certification. 
Unfortunately, due to the building system water load demand the implementation of solely a harvesting 
system will achieve these points. Water run-off reduction and water consumption have reduced producing 
an annual savings of $455,630, but would pay off for the installation cost after 2.6 years of building 
operation. 
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Project Description 
The Maryland Public Health Laboratories project is a 234,000 medical research project that has 
been under construction since December 19, 2011. Partners, East Baltimore Development, Inc. 
and Forest City – New East Baltimore Partnership, have developed the area of East Baltimore 

and have commissioned for a new facility to be constructed on the Science & Technology Park at 
Johns Hopkins University. The owner MEDCO has financed the building and holds contracts 

with the majority of the parties involved with the design and construction of the project. 
 
The building that is currently being constructed will be occupied by the Maryland Department of 

Health and Mental Hygiene, who has requested that they require a facility of at least 225,000 
gross square feet to perform necessary research in their field. The Maryland Public Health 

Laboratories has been designed at a total of 234,040 gross square feet and will consist of seven 
stories. Two of these stories include a 40 foot mechanical penthouse that will host all HVAC 
units. The project has been priced at approximately $111,400,000 and is to be completed by 

expected date of April 19, 24.  
 

The current project teams that area involved with the design and construction of the project are 
HDR, Inc., Jacobs Engineering, and Turner Construction Company. HDR, Inc. is the project 
designers, who are in charge of all building architectural and engineering designs. HDR has 

designed the facility as such to not only support the current functions and research performed by 
the Maryland Department of Health and Mental Hygiene, but was required to meet the needs for 

future growth of the science and technologies of public health.  
 
Jacobs who has been awards the Lump Sum CMc contract, is the project manager for the 

Maryland Public Health Laboratories. They are to oversee and manage all project progressions 
and facilitate issues that arise between the owner and construction. Both HDR and Jacobs hold 

contracts with owners MEDCO and deal directly with consultants from both MEDCO and the 
Maryland Department of Health and Mental Hygiene. Turner Construction holds a contract with 
Jacobs as the general contractors on the job. Turner is responsible for the budgeting of 

subcontractor work and noting construction progress through the duration of the project. 
 

The current project has been mandated by Baltimore and the state of Maryland that the building 
achieve a LEED certification of LEED Silver. There has been a strong effort has been 
demonstrated to revitalize the community of East Baltimore, as this was once an unfavorable are 

of the city. The building has been required to express the ideas of innovation and progress 
through its looks, sustainability, and practices. The Maryland Public Laboratories is to be an 

iconic building within the East Baltimore community, revitalizing the surrounding neighborhood 
and its residents.  
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Figure 1: The Maryland Public Health Laboratories (image provided by HDR, Inc.) 
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Client Information 
 

Building Owners 

The building owners, who’ve financed the project and are building a facility to house future 

occupants, the Maryland Department of Health & Mental Hygiene, are a highly respected health 
care company. This American based company currently serves more than 65 million citizens 

across the United States. 
 
Their main area of focus is pharmaceuticals, as they service private and public employers. Other 

markets that the company currently services are health plans, labor unions, government agencies, 
and also provide individual services. As a 2011 Fortune 500 it is a well-respected company in the 

healthcare industry.  MEDCO was able to earn the number one rank in the Healthcare: Pharmacy 
and Other Services category in the Fortune’s World’s Most Admired Companies. 
 

MEDCO is hoping to expand their company and technology by financing the construction of 
complex medical research facility, which is currently known as the Maryland Public Health 

Laboratories. The occupants of the facility are researchers whose goal is to advance the medical 
industry with the research they produce. The hope is the current building will provide the 
environment to do so. 

 
Building Occupants 

The Maryland Department of Health & Mental Hygiene, located in Baltimore, MD, is a 
government department that provides a multitude of services and conducts research related the 
health field. They strive to be at the forefront of medical research. To do so they have requested 

to have new state of the art health laboratory constructed to replace the existing laboratories.  
 

The occupants have expressed its desire to enhance the local community by adding to the 
renowned Johns Hopkins Science and Technology Park. This area of Baltimore has been in a 
revival process and the Maryland Department of Health & Mental Hygiene has decided to be 

involved in improving the community and habitants within. Also, a request of the building 
occupants is to implement a design that will promote functionality and flexibility, in hopes to 

enhance collaboration of the occupants who will work and conduct research within the facility. 
In the eyes of the owner a dynamic expression must be provided from the build, demonstrating 
science of public health, as well as environmental sustainability. 

 
Sustainability is a feature requested by the occupants, as the State of Maryland has mandated the 

facility to be designed in such a way that it achieves LEED Silver. 
 
In the end the Maryland Department of Health & Mental Hygiene wants to receive a functional 

building of quality work. It should demonstrate the progress of public health and the importance 
to strive for enhancement in the field. This state of the art laboratory is designed to express such 

aspects sought out by the building occupants.   
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Project Delivery  
 
The project delivery system chosen for the Maryland Public Health Laboratories was a design-
bid-build system with a lump sum GC contract. This type of system provided the best fit due to 

the type of building being constructed. Specific codes and requirements are necessary and must 
be in compliance with when designing a facility of such difficulty. The design must have met 

these requirements before any phase of construction could have been initiated as requested by the 
owner. HDR, an architecture and engineering group, was selected to design all aspects of the 
building. 

 
The bidding for construction management began with a prequalification process, which was 

issued to all bidding companies. The objective of the owner was to create a qualifying shortlist of 
competent companies for the job. Companies that were selected to the shortlist were issued bid 
documents to price. To award the contract, a final selection was chosen based on a “best value” 

of the project. Jacob’s Engineering Construction Services was awarded the project with Turner 
Construction as their general contracting group. Other companies were also issued portions of 

project including commissioning, material testing and inspection, and testing and balancing, 
which are all contracted to MEDCO. 
 

Jacobs Management team upholds contracts with only Turner, assuming responsible for the work 
provided by them, and the owner, MEDCO. Turner in turn hold contracts with the subcontractors 

used on the project. HDR and Jacobs do not contractual agreements with one another, but do 
work together to execute the designs in the field. Contracts pertaining building designs are held 
solely between the owner, MEDCO, and architectural and engineering firm, HDR. The chart 

indicates all major companies involved in the project and their relationships with one another. 
General contractual agreements will be indicated within the chart. 

 
To provide security for the project, insurance and bonding was purchased by both Jacobs and 
Turner. Contractor controlled insurance program was implemented in the project. This means 

Turner has taken responsibility and has provided insurance coverage over all subcontracted and 
contracted work, rather than the owner of the project. This policy virtually covers all working 

parties on the project, providing protection if there is an issue regarding lack of performance, 
quality work or damages that occur during the project. 
 

Along with the contractor controlled insurance program, a payment and performance (P&P) 
bond has been agreed upon for this project. This is a contractual agreement that the contractor, 

Turner, ensures completion of all work specified in their scope or will face penalties. Failure to 
complete the work will result in no pay and the surety company who created the bond will have 
to locate another contracting group to perform the remaining work.  
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Project Team Staffing Plan 
 
Jacobs’s Construction Services has assembled their team in such a way to encourage efficiency 
managing this project. Project managers, Brian Temme and Ahmad Hamid, are located on site 

and deal heavily with owner relations and are involved with Turner in the construction planning 
as well. They supervise project schedules, attend to cost budgeting, note progression of 

construction and establish reports to provide to there in house team, who then in turn can 
establish schedules, costs estimates, quality inspections, and more. 
 

Within the Arlington, VA office, Jacobs has developed an in house project team of various 
divisions. These divisions include Safety Management, Project Controls, Scheduler, Contract 

Manager, Project Accounting, Cost Estimating, Design Reviews, and MTT Project Controls. The 
divisions collectively provide cost analyses, task scheduling, quality checks, safety 
programs/data, procurement/contractual information, and other various services.  

 
To better understand the Jacob’s organizational strategies an organizational chart is provided in 

figures below. Figure 2 represents the staffing plan during the pre-design/ design/ and bidding 
phases of the building project. Figure 3 represents the organizational plans during the 
construction of the project. This chart displays how the project managers are associated with 

groups and members involved in the project. Also, it shows how the home office support is 
linked into the project and the numerous divisions that consist of the in house team.  
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Figure 3: Organization Plan Construction Phase (image provided by Jacobs Engineering) 

Contracts 
Held 

Figure 2: Organization Plan Pre-Design/Design/Bidding Phases (image provided by Jacobs 

Engineering) 

Contracts 
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Building Systems Summary 
 
The Building Systems Checklist provided below indicates the building systems existing within 
the Maryland Public Health Laboratory project. Provided shortly afterwards are building system 

summaries that briefly explain the details of each system design of the project. 
  

Yes No Work Scope 

X  Demolition Required 

X  Structural Steel Frame 
X  Cast in Place Concrete 

 X Precast Concrete 
X  Mechanical System 
X  Electrical System 

X  Masonry 
X  Curtain Wall  

X  Support of Excavation 
Table 1: Building Systems Checklist 

 
Demolition 

The project requires demolition as the building footprint is located on an existing parking lot. 
The demolition isn’t very substantial, but the removal of existing pavement, pathways, and 

foliage is necessary before excavation can begin. Roughly 50,000 sq. ft. of pavement and 
pathway needs to be removed along with 22 surrounding trees in the surrounding area. 
 

Structural Steel System 

Little structural steel framing is used throughout the project, but can be located in areas including 

the 5th Floor Terrace and Mechanical Equipment Support Dunnage Room. Steel framing for the 
terrace is designed to support loading of a green roof and pavers. The mechanical room uses 
structural steel to support mechanical and electrical equipment housed in the area. In addition to 

the structural steel used in these rooms, structural steel is used to in façade support connections. 
Used to support the curtain walls around the east and south facades, spandrel beams are 

introduced, connected to concrete columns of the buildings structure. 
 
Cast in Place Concrete 
 

Foundation 

The foundation of the Maryland Public Laboratories uses spread footings that will bear at a 

nominal depth below the lowest floor level and are designed for an allowable net bearing 
capacity of 8 ksf. Footings located in the northwest corner of the building footprint are designed 

for 4 ksf. These footings located in this corner are lowered up to 17’ below the lower level slab 
to reach competent bearing of approximately 8ksf. Foundation that is adjacent to footings that is 
located on top of soft soils are lowered such that the higher footing is no more than 1.5H:1V 

above the lower footing per the geotechnical report. 
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Foundation walls within the basement are 16” thick, and contain an average reinforcing weight 
of 150 lbs. /c.y. All foundation walls are supported by continuous wall footings. These footings 

are 3’ wide and 18” deeps. These walls are also designed with drainage to alleviate hydrostatic 
pressure onto the wall. 

 
The lower level slab-on-grade is 5” thick and is normal weight concrete reinforced with 6x6-
W2.0x2.0 welded wire mesh. Areas that are sensitive to vibration and are required to meet higher 

levels of vibration requirements are designed with a 6” thick reinforced slab on grade. 
 

All slabs are designed to be placed on specified waterproofing, which will also be placed on top 
of an unreinforced mud mat. This will then lie on a 4” compacted drainage course and a properly 
proof-rolled sub-base. Under slab drainage is also provided to alleviate hydrostatic pressure on 

the slab on grade. 
 

Superstructure 

The Maryland Public Laboratories uses a concrete structural system of two-way conventionally 
reinforced flat slabs with drop panels. These slabs are 10” thick using 8” deep drop panels at 

each column. They are designed as such to meet an allowable vibration velocity of 4000 micro-
inches/second at the mid-point of the bay.  

 
The building is designs consist of two mechanical penthouses, the first with a similar structural 
two-way reinforced flat slab with drop panels of the typical building floors and the second using 

one-way slabs and concrete beams. The concrete beams provide support of one-story columns on 
the east and south sides of the roof.  

 
Lastly to resist lateral loads imposed onto the building a 12” thick concrete shear wall is 
designed for all floors, excluding the penthouse level 2 and penthouse roof. These shear walls are 

designed using reinforcing of approximately 120 lbs./c.y. and will match the strength of the total 
column strength of each floor.  In the penthouse moment frames are used to resist lateral loads. 

 
Mechanical System 
 

Supply Air System 

The Maryland Public Laboratories’ supply air system is divided into two air handling systems, 
the first conditioning the laboratories and high-density occupant areas and the second for the 

office areas. The office area air handling system will contain a supply fan with a 60 HP motor 
and return motor of 30HP. The office AHU supplies approximately 31,000 CFM and will return 

air from the offices on the ground floor and the offices on the second fifth floors. The offices are 
positively pressurized with respects to the adjacent lab spaces. 
 

Laboratory spaces will be served by an additional four AHUs that will provide approximately 
79,000 CFM, using 100% outdoor air. The supply fans used within each of the four AHUs will 

be a 200 HP motor. All AHUs will be in active use. 
 
The main air handling systems will be variable volume distributed with a variable frequency 

drive of the supply. This will maintain constant air pressure within all zones of the supply air 
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distribution system. Throughout the entire year air delivered to these zones will be at a constant 
55°F. 

 
Exhaust Air Systems 

Within the Maryland Public Health Laboratories there will be several dedicated specialized 
exhaust systems and a general laboratory exhaust systems that will all be provided with standby 
power. The General Laboratory exhaust systems consist of four 83,000 CFM single width, single 

inlet centrifugal exhaust fans with motor starters. These are located on the roof within a screened 
area and will be manifolded together. Each fan will be approximately 125 HP.  Exhaust air 

passes 30% pre-filters and an energy recovery wheel prior to exhaustion. All four fans within the 
system will operate with a flow rate of 62,000 came. each. 
 

Exhaust systems of specialized labs will not be discussed as requested by the building’s owner. 
 

Cooling System 

There is three water cooled chillers located within the mechanical penthouse of the facility that 
will provide a total cooling load of approximately 2100 tons and a design flow of 4200 gpm. 

AHU’s will receive the cooled water by means of chilled water mains that are 12” in diameter. 
These coolers will operate with a supply design temperature of 44°F and a return temperature of 

56°F. The components that comprise this system include an expansion tank, air separator; three 
dual cell roof mounted cooling towers using a 25 HP motor, a waterside economizer, four chilled 
water pumps sized at 1,500 gpm., and four condenser water containing 2,250 gpm. VFDs.  

 
A process-chilled water system is designed to provide cooling to condensated waste from the 

steam sterilizers. The purpose of this system is to reduce the amount of domestic water wasted to 
drain and cool the sterilizer condensate more effectively. This system will contain two 
centrifugal pumps sized for 50% capacity, 130 gpm. with VFDs, as well as a 500 gallon storage 

tank used to reduce chilled water temperature fluctuation. 
 

Process Steam, Heating and Humidification Systems 

The laboratory will be served by three dual fuel, natural gas, and no. 2 diesel fuel, flexible 
watertube steam boilers. These boilers are located in the boiler room within the mechanical 

penthouse. Each boiler will be used to serve one third of the building load. The steam boiler is 
designed to operate at 100 psig and provides steam for the tissue digesters.  Used within the 

system are two 1/3-2/3 pressure reducing valve stations. These stations function by reducing the 
steam pressure down to 80 psi for the process load and 15 psi for the humidifiers. 
 

A packaged condensate return unit with pressure powered pumps is used to return low pressure 
condensate back to the deaerator. The deaerator is used to remove dissolved gasses from the 

boiler feedwater. A surge tank is designed to accept a slug of condensate return from the 
condensate return unit. 
 

The systems designed for the Maryland Public Health Laboratories will provide a load of 8,400 
MBH and a design flow of 420 gpm. using 6” hot water piping mains. The heating needs are 

served by four 3,000 MBH, duel fuel, natural gas and no. 2 diesel fuel high efficiency, direct 
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vent, condensing boilers. These boilers will also be located in the boiler room within the 
mechanical penthouse and each will serve one third of the buildings heating load. There will also 

be a fourth redundant boiler. These boilers will operate with a supply design temperature of 
140°F and return temperature of 100°F. The system will be comprised of an expansion tank, air 

separator, and three pumps sized for 300 gpm, with a VFD. 
 
Electrical System 

The building’s primary electrical distribution includes a 480Y/277Y, 3000 amp main switchgear 
that will be provided power by 2500kVA, 480Y/277V utility transformers. The main switchgear 

and circuit breaker is located in a main electrical room within the penthouse of the building. 
Electrical power is then distributed to life safety electric closets, containing emergency electric 
panels and transformers. These are located in the penthouse and basement and serve to power life 

safety lighting, fire control room, and specialty lighting, in case of emergency. Also, distribution 
will occur to floor electric closest located among each floor. These contain normal utility and 

standby power electric panel boards and transformer. 
 
Located within mechanical/electrical penthouse will be two generators and generator paralleling 

switchgears. These generators are designed to be controlled by the Automatic Transfer Switches, 
which are required for emergency and legally required power. They are designed provide the 

necessary amount of power to meet all emergency, legally required, and optional standby electric 
loads. 
 

Lastly on each floor there will be two 480Y/277V switchboard and one 208Y/120V receptacle 
panelboard, provided power from the main panel board in the mechanical penthouse. The two 

480Y/277V are designed to serve both the lighting and small equipment present on the respected 
floor. The 208Y/120V receptacle panelboards also have a power transformer associated with it.  
 

Masonry 

A brick veneer on structural steel framing will be used on the east, west, and north elevations. A 

random pattern will be implemented with the use of two separate color range “blocks.” They will 
be set in a way to incorporate the recessed and contrasting vertical bands used to tie control 
joints and window edges. 

 
Curtain Wall 

There will be a curtain wall system implemented on the east and south facades. The stick built 
system will include integrated steel supports to allow for the designed sunscreen and catwalk 
systems that will be included with the curtain wall design. The south façade will include 

integrated panelized sun shades supported by an internal steel support systems connected to the 
curtain wall. 

 
Support for Excavation 

In order to construct the building, foundation was needed to be installed. As the site boundaries 

are very constricting, certain measures had to be taken. Adjacent roadways and structures had 
prevented simple excavation to occur. The process of driving H-piles into the soil and the use of 

sheeting, tie-backs, and whalers was the choice of supporting the excavated areas. Excavation 
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and supports began on the west end and continued east until all sides were fully supported. A 
portion was left unattended as this was used as an access ramp, providing vehicle and personnel 

access to the center of the excavated area. 
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Project Cost Evaluation 
 

To successfully evaluate the cost associated with the construction of the Maryland Public Health 
Laboratories several cost analyses had to be conducted. These analyses included building cost 

overview, building system cost overviews, building square floor estimates, and system 
assembly’s estimates. Project and Construction cost values are provided in the Project Cost 

Overview Table 2. The table provides actual building construction costs, as well as construction 
costs per square foot. Construction costs include approximately a General Conditions cost of 
11% by the General Contractor. Also included within the table is the Total Project cost, which 

includes non-construction related costs (e.g. sitework, insurance, bonding, utilities etc.) 
 

Project Cost Overview 
 Actual Cost Cost per SF 

Construction Cost $111,400,000 $474/SF 

Total Project Cost $174,3231,174 $529/SF 
Table 2: Project Cost Overview 

 

As depicted above the cost of construction is approximately $111M. There is an additional $63M 
added to construction costs creating a total project cost of approximately $174M. The additional 

costs included in the project are: 

 Permit and Bonding 

 Utility Connection Fee/Costs 

 Equipment & Furnishing 

 Testing & Inspections 

 Consultants & Specialty Consultants 

 Insurances 

 Architectures & Engineering Services 

 Financing 

 Development Management 

 Owner Contingency 

 
The second costs analysis provides cost data regarding the building systems of the project. These 
systems include Sitework, Structural Steel, Cast-in-Place Concrete, Masonry, Fire Protection, 

Radiation Protection, HVAC/Plumbing, & Electrical systems. This information is provided in 
Table 3. Each system will be divided into a total valued cost and a cost per square foot as well. 

This will provide insight how the costs of each system compare to one another and how 
expensive it is to build a design of such complexity. 
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Building Assemblies Cost Overview 
 Actual Cost Cost per SF 

Sitework $3,298,846 $15/S.F. 

Structural Steel $2,300,000 $10/S.F. 

Cast-in-Place Concrete $8,242,200 $37/S.F. 

Masonry $1,290,000 $6/S.F. 

Fire Protection $510,000 $3/S.F. 

HVAC/Plumbing $23,615,000 $105/S.F. 

Electrical $14,110,000 $63/S.F. 
Table 3: Building Assemblies Cost Overview 

 

The second table indicates that the most costly systems within the designed building are the 
HVAC/Plumbing and Electrical systems. This is usually typical in buildings such as these, as 

intricate designs are needed to meet the extensive requirements of laboratory facilities. 
 

The next cost analysis performed was a square foot cost of the building. Cost data was collect 
from “RSMeans Square Foot Costs” manual to establish a rough cost estimate for the 
laboratories. The value calculated using this method is inaccurate in comparison to the 

previously established building cost because many of the building’s details are neglected in the 
research. The rough estimate of the laboratories was approximately a$55M difference from the 

projected total cost. This is due to the fact that medical or biological laboratories are not 
provided by RSMeans. A 4-8 story hospital had to be used to develop the cost data as this 
building type is the most similar to a laboratory. Also details including unique building systems, 

building structure, exterior envelope design, and other aspect are lost from the cost calculations. 
Provided in the table below, Table 4, are the total cost value of the square foot cost estimate 
performed and the cost per square foot.  

 

Square Foot Cost Estimate 
 Estimated Cost Cost per SF 

Construction Cost $54,558,000 $273/SF 
Table 4: Square Foot Cost Estimate 

 

The final cost analysis conducted was an assembly’s cost estimate. These costs were based off 
the mechanical, electrical, fire protection, and plumbing systems. General cost data of particular 

items included in these systems was chosen and collected together to form a general cost for the 
entire system. This provides a rough cost estimate for the MEP system within the facility. Table 

5 below shows all cost estimates for specific systems within the building. Assumptions were 

made when establishing these values such as this building is assumed to be a medical facility as 
laboratory data isn’t provided. Many of the complex systems within the design aren’t provided 

by RSMeans so systems and items chosen are the most similar to that of the intended design. 
Costs aren’t adjusted to the area nor the year with assemblies cost. 
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Building Assemblies Cost Estimate 
 Estimated Cost Cost per SF 

Mechanical $21,53,250 $10/S.F. 

Electrical $271,305 $1.2/S.F. 

Fire Protection $2,493,0000 $11/S.F. 

Plumbing $86,265 $0.34/S.F. 
Table 5: Building Assemblies Cost Estimate 

 

After both cost analyses were conducted there are very few similarities between the costs of 
systems in the overview versus those in the cost estimate. The only system that shares any sort of 

resemblance is the mechanical system once combined with the plumbing system, as referred to in 
the assemblies cost overview table above. Again the difference in cost values derives from the 
lack of data provided by “RSMeans Assemblies Cost Data” manual. Many significant 

components of each MEP system design couldn’t be located within the book. This created the 
need to establish assumptions. All collected data was based on its similarities to the system 

specifications and components. Using RSMeans to create a cost estimate can only provide a 
rough estimate of a system and isn’t used to determine an accurate cost of a building project and 
its systems. 
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Existing Conditions 
The Maryland Public Health Laboratory project is located within the New East Baltimore 
Community (NEBC) PUD, a community that is joined together by the Johns Hopkins Medical 
Campus and the Middle East neighborhood. As this project resides in an urban settlement, the 

area is currently developed with existing structures, roadways, and utility lines that are adjacent 
to the site. These conditions pose as key factors as the management team and the general 

contractor coordinate plans for construction. Construction must be planned to suit the area, 
complying with state and city requirements. Concerns for the local public must be taken into 
consideration as the project is located adjacent to neighborhoods and work facilities. Figure 4 

provides an aerial view of the project site. 
 

These constricting conditions 
serve as a hindrance when 
excavating the site, as excavation 

will be necessary to implement 
the building design. Because of 

existing structure a typical set-
back excavation cannot be 
achieved. A support system is 

most likely going to be 
implemented on the project.  

 
As seen in the provided picture 
the site is located between three 

existing roadways, Ashland Ave., 
Barnes St., and N. Rutland Ave., 

creating logistical issues as the 
already developed area provides little room to stage equipment and conduct work. Existing 
utilities associated with the adjacent roadways include sanitary, storm, gas, water, concrete 

encased duct, and Comcast Coax lines. Specific utility lines do pass beneath through the building 
project boundary and must be tended to during the demolitions and excavation phases. Both 

designers HDR and construction teams Jacobs Engineering and Turner Construction plan to 
improve some of the existing utility lines that will directly feed from the building project. This 
has been requested by the city and state.  

 
It has been also been requested by the state that the contractor awarded the project would newly 

install and improve existing utility lines. On the west side of the site is a 3-story masonry block 
building and to the north a 4-story building. A proposed plan to create an alley between the 
laboratory and the east masonry building is indicated within the scope of the project.  

 
Along with surrounding conditions it is also worthy to note that the site boundaries are located 

on an existing parking lot. Lamp posts, planters, trees and pathways existed within the area and 
all were needed to be removed to proceed with construction. Provided within Appendix A will 
be an existing conditions plan depicting site boundaries, adjacent structures/roadways, and other 

significant conditions. 

Figure 4: S ite Aerial View (image provided by Bing.com) 
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Site Layout Planning 
 
A major concern when involved with construction in an urban development is the minimal area 
provided as well as the surrounding conditions. The Maryland Public Health laboratories site lies 

between three streets and another structure. Coordination of work, safety, and staging of 
materials becomes difficult when working in such tight spaces. Fortunately, the city of Baltimore 

allowed the use of the adjacent parking lot for a trailer compound and employee parking. Also, 
there is a strong need of focus on incoming and outgoing traffic from the site. Traffic control 
must be coordinated in such a way that promote steady flow and will not cause vehicular traffic. 

Traffic can delay material deliveries and in turn delay the work being performed on site. The 
project site uses six gates located on all corners of the site perimeter. It is beneficial and 

necessary to document a logistics plan, strategizing how to handle such issues that are present 
with a site similar to this. 
 

The three stages of construction that will be focused on are the Excavation of the site, the 
erection of the Superstructure, and Finishes being done within the enclosed building. Each 

requires certain attention as they possess dissimilar aspects of one another. For instance a crane 
is needed during the Superstructure phase, as in the excavation phase dewatering systems may 
need to be implemented. There are several similarities of each phase site plan that include trailer 

compound area, site boundary fencing, temporary power distribution station, areas of egress, and 
staging areas. Some maybe subject to move at certain period, but generally remain constant 

throughout construction. Brief site layout descriptions are provided of each of the three stages, as 
well as a site layout plan located in Appendix B, C, & D. 
 

Excavation 

The excavation plan depicts the events and activities taking place while excavation occurs. In the 

site plan provided in Appendix B there are several key elements that are enforced. These include 
excavation boundaries, tie-back areas, dewatering lines/pump, and an access ramp. It is 
necessary to note the excavation boundaries on a plan because it notifies areas that can be used 

for alternative means. The excavated area indicated on the plan is located near the site fencing 
along Ashland Ave. and N Rutland Ave. It extends in a rectangular fashion from west to east as 

most of the excavation occurs east. Tie-backs are included on the drawing indicating where they 
are in use. A dewatering system is provided as the project experienced flooding as excavation 
continued deeper. A dewater line runes around the perimeter of the excavated site and is operated 

by a dewatering pump in the north end of the site. An access ramp is shown, providing a mean of 
access for personnel and vehicles working within the excavated area. 

 

Superstructure 

The superstructure plan provides a visualization of the operations that exist during the erection of 

the building’s structural system. Appendix C provides a logistics plan of the phase, depicting 
key activities and elements present during this period. A crane is placed in the south center of the 

building footprint, as there is little room to use a crane able to perform work for this project 
along the edges of the site. Crawler/mobile cranes could not reach areas and they would need to 
travel to certain areas to perform work. This would prove inefficient compared to that of a tower 

crane. Also provided in the plan is scaffolding used by the trades to complete the building 
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envelope. The scaffolding will move west to east as indicated on the drawing as the erection of 
the concrete structural system is progresses from west to east. Concrete trucks are located near 

the trailer complex in the northeast section of the site. Concrete and material deliveries enter the 
site via Ashland Ave. and will exit either up Rutland Ave. or back through Ashland Ave. 

 

Finishes 
The finishes phase of construction is the period of construction after the building has been dried-

in and interior work is in progress. The logistic plan located in Appendix D shows significant 
features of this phase and how they are lain out across the site. Material/personnel hoist are 

depict along the north façade of the building providing temporary transportation until the 
elevators are active within the structure. Dumpsters and recycling are located near the trailer 
complex and are used to dispose of waste accumulated on site. Lastly a materials laydown area is 

located along the north fence line. Materials staged here will be brought into the building via the 
hoists and used for finishes construction. 
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Local Conditions 
 
As the new Maryland Public Health Laboratories are being constructed in a previously 
developed area there are several local conditions to consider regarding the design and 

construction of the building. To begin, local requirements and codes must be in compliance with 
as the project resides on a medical campus and adjacent to local Baltimore neighborhoods. These 

local neighborhoods have been constructed under an urban renewal plan that the design and 
construction of the building must abide by. These guidelines were established to promote a 
rebirth of once an unfavorable area. The city expects the building to be designed in such that it’s 

aesthetically pleasing, expressing a progressive appeal, but standing harmoniously with the 
surrounding building within the Johns Hopkins campus it resides. Other ordinances enacted by 

city council have shaped the design of the building, surrounding streetscape, and process of 
construction used on the project. 
 

 
As the area is a medical campus and open to the public, noise codes must be taken into 

consideration while constructing. Heavy construction can’t exceed past a certain time of day 
because such activity produces noise that disturbs local residents. Also vehicular and pedestrian 
traffic remains constantly present within the area and must be attend to. This assures safety of 

local pedestrians in the area and promotes work efficiency.   
 

The city of Baltimore has allowed construction teams to assemble adjacent to the site in the 
existing parking lot. This has proved beneficial because local conditions would have prevented 
the trailer site and parking to be in proximity to the building. This would have created 

inefficiency in construction as delays from site to the working trailers would consume valuable 
time in a work day. 

 
Along with the requirements the project must follow mandated by the State of Maryland and 
City of Baltimore the site possesses geological issues that were attended to throughout 

excavation. The main issue was that excavation proceeded past the local water table. The water 
table in the area lies approximately 15 ft. below grade. Because excavation continues deeper than 

the water table line the project inevitably experienced flooding within the excavated area. 
Measures were taken to pump the excess water out from the excavation area by means of a water 
pump and line. 
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Detailed Project Schedule 
 
On any given construction project there are several schedules that are the driving force of task 
progression and completion. These schedules are continuously revised to ensure accuracy, 

factoring any change in the construction process. A detailed project schedule contains the 
specific individual tasks performed throughout the duration of an entire project. These tasks 

define the steps to complete a larger portion of work, allowing other forms of work to begin or 
continue. 
 

Another use for detailed schedules is to provide specific work sequencing of individual tasks. It 
can be easily noted whether certain tasks can work simultaneously without causing delays of 

other tasks being performed on site. 
 
The Maryland Public Health Laboratories is currently run on a strict schedule that has been 

provided by Jacobs Engineering. The notice to proceed was issued for January 1, 2012 and the 
project completion date is set at April 19, 2014. Between these two dates are thousands of 

individual task necessary to complete the project. To simplify the many task of this schedule, it 
was sub-categorized into major components of the design/construction. This provided an idea of 
what tasks and assemblies are necessary to be complete d to successful complete certain 

construction phases. Jacobs also used their schedule to indicate the sequencing of work zones as 
project tasks are seen being performed from the west end of the building to the east end. This is 

one of several ways Jacobs ensured work progress efficiency as multiple tasks can be performed 
at once. 
 

Schedule Description 

The detailed project schedule developed has been divided into several key sub-categories that 

depict the major assemblies and phases consisted within the project. These categories include 
Site work, Foundations, Slab on Grade, Concrete Superstructure, Structural Steel, Stairs, MEP 
Risers, Building Envelope, Elevators, Interiors, Commissioning, and Close-Out. Each are 

important steps of the construction process and will continue to be further discussed. A detailed 
schedule is provided in Appendix E of the report. 

 
Sitework 

The sitework portion of the schedule pertains to the preparation period and excavation necessary 

to begin the construction of the building structure itself. Mobilization, soil testing and site 
demolition were a few of the first task performed on site. Excavation of the site began several 

months afterwards due to proceeding foundation tasks that were necessary to begin excavation 
intended for sitework. The few tasks that were included with sitework excavation were the 
excavation of the north retaining footing/wall and the installation of underground utilities around 

the building perimeter. 
 

Foundation 

The foundation phase of the schedule is one of the first phases experienced on site. The site is 
located in a confined, developed area and specific procedures of going about excavation for 
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foundations needed to be considered. This portion of the schedule depicts the excavation process 
necessary to place the foundation. Foundation construction was able to proceed, while 

excavation was continuing as work was sequenced from west to east. The tower crane 
construction concludes the end of this schedule as this phase approximately lasted for 4 weeks. 

 
Slab on Grade  

It was essential to place the slab on grade at a specific date if the construction was going to run 

along its intended critical path. The slab on grade allows for the superstructure to proceed. This 
section of the schedule lasts for approximately 2 months as underslab utility installation, 

preparation for pour, and SOG pour are the primary tasks performed within the scheduled dates. 
 
Concrete Superstructure 

The concrete superstructure is the part of the schedule when structural members are being 
constructed. As this is a concrete structural system, tasks being performed include installing 

reinforcing steel, MEP sleeves, pouring elevated slabs and columns, and curing the concrete. The 
schedule is broken down by floor as the schedule progress as the construction of floors move 
upwards. Because of the limited amount of line items allowed to create this schedule, it was 

difficult to indicate that this process also was performed from west to east. To conclude this 
portion of the schedule structural steel installation within the penthouse was also provided. 

 
Stairs/MEP Risers 

Construction of stairs and MEP risers are provided within the schedule. These sections have been 

divided into the locations they were installed or constructed. 
 

Building Envelope 

One of the most intricate systems of the building project and a large portion of the detail 
schedule is the building envelope. The envelope schedule has been divided into exterior framing, 

façade construction and roofing. The building envelope again divided by floor as each floor takes 
roughly 20 days to complete. Each façade scheduled duration as certain elevation contains a 

multitude of exterior systems or more complex exterior systems. Systems that are provided 
within this portion of the schedule include precast band, brick veneer, metal panel, curtain wall, 
and storefront installation. This is a major component of the detailed schedule as many tasks are 

performed to dry-in the building. The duration of this period is approximately 10 months. 
 

Interiors 

The longest experienced portion of the schedule is the interiors. This includes all MEP work 
performed amongst all floors of the building, floor construction tasks, and interior finishes of 

each floor. The schedule is divided by each floor. The penthouse is the most detailed of all floors 
because it contains major mechanical components. These components take several months to 

install, connect to mechanical distribution systems, and power. 
 
Each floor is scheduled as such to show MEP rough-ins and trim-outs of both overhead mains 

and branches. Along, with performed tasks regarding MEP, interior construction and finishes of 
each floor are provided within the detailed schedule. Again, because of limited line items there 
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wasn’t the ability to show the sequencing of interior work from west to east. This is the largest 
portion of the detailed schedule as interior tasks last approximately a year and a half. 

 
Commissioning & Close-out 

The final section of the detailed schedule is commissioning & close-out. This is the phase 
dedicated to testing the systems within the building. It is used evaluate each system and note any 
problems a system might experience. This part of the schedule is broken down into its 

commissioning phase, endurance phase and followed by the final completion of the building. 
 

The Maryland Public Health Laboratories project follows a stringent schedule lasting two years 
and 4 months. The scheduled provided in Appendix E narrows Jacobs provided schedule, 
representing in detail the major task performed at each phase of construction.  
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Technical Analysis #1: Precast Concrete Structural 

System 
 

 

Problem Identification 

Prior to erection of the building’s structural system, the Maryland Public Health Laboratories 

project experienced significant time losses to the schedule. These unforeseen conditions have led 
to a great amount of money tacked onto the project budget as additional time has been 

counteracted with added manpower. It is imperative to find procedures or construction 
techniques that would absolve the time loss. To do so investigations within areas of building 
design and construction will exploit the possibilities.  

The general design of this building is a rectangular building consisting of 6 stories and is 
constructed using cast in place concrete. Introducing a precast concrete design in the early stages 

of construction is an idea that could greatly reduce the schedule of the project, which would have 
mitigated the loss of time and money currently suffered on the project.  
 

Research Plan & Objectives 

The idea for this research analysis was produced after attending and listening to the topic of 

modularization and precast units in construction at the PACE Roundtable conference. It was 
chosen as a critical industry issue because this type of construction is proving to very imminent 
in today’s industry, as owners and contractors want to produce buildings with extremely 

shortened schedules. There are various ways to implement precast and modularized construction 
within a project. The most logical method for the Maryland Public Health Laboratories is to use 

a precast structural system as the linear and mostly rectangular shape of the building allows for 
ability to create pieces that can easily build together. This eliminates costs for formwork and 
reduces scaffolding needed to build cast in place concrete units.  Also, the ability to sequence the 

erection of these pieces becomes easier and due to the fact they are pre-casted, work fronts 
become accessible earlier in the project schedule. 

 
To properly analyze this topic of research there are numerous areas that must be considered. A 
breakdown of the building’s structural design, using both project design documents and 

column/beam schedules, must be conducted to acquire the information need to produce member 
sizes and quantities. Research regarding crane sizing is necessary, as the crane used to pick and 

install these pieces must counteract the weight of each member. Logistical research will provide 
information regarding the delivery process and installation of the members. Sequencing of the 
structural members will remain similar to sequencing of the cast in place concrete. Cost and 

scheduling impacts is the final area of research that will prove the feasibility of the study and 
indicate if the use of a precast structural system will reduce the project schedule. 

 
To obtain the necessary information within each area of the analysis discussions from industry 
professionals will be conducted. Online research will help establish the best way to execute a 

precast concrete structural system on the given project. The phases from procurement to 
installation will be scrutinized throughout the entirety of the analysis to properly establish the 

feasibility of such an idea. 
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Application Methodology 

To effectively research the analysis topic of the implementation of a precast concrete structural 
system, the following steps must be taken: 

1. Breakdown of the building’s elevated slab plans and column/beam schedules. 
2. Determine sizing and quantity of specific structural members designed for the building. 
3. Conduct interviews with industry professionals regarding precast systems and how they 

are implemented within building projects. 
4. Research and size crane with the ability to handle specified loads produced by designed 

precast structural members. 
5. Analyze site conditions to produce site logistical plans required for structural member 

deliveries, picks, and installation. 

6. Consider and produce sequencing plans to understand the work fronts that will be 
available for laborers to begin their work.  

7. An overall cost analysis will be perform to understand the earnings and expenditures 
associated with the precast structural system in comparison to the original cast in place 
concrete method. 

8. Schedule impact analysis will indicate the dates when the beginning of the construction 
of precast concrete member will occur and when installation will occur in the overall 

schedule. 
9. Lastly, an overall feasibility analysis will be conducted, considering all aspects that are 

involved with precast concrete structural systems used on this project. 

 
System Overview 

Precast concrete structural systems is a fairly new concept in the building industry that has been 
applied to reduce overall schedules of a project. Concrete members such as beams and columns, 
as well as elevated slabs are created offsite and typically delivered to the project the date they are 

to be installed. These members are prestressed at the location they are produced to assure they 
meet loading requirements. 

 
The use of precast concrete structural systems has its benefits as it reduces a significant amount 
materials needed to create members. The elimination of formwork from a project site is one of 

many benefits exhibited when precast systems are used. As all members are produced off site, 
reusable formwork is used at these production locations to create numerous members. Material 

waste is greatly reduced as precision is easily attained at these controlled work environments. 
The quality of the structural members produced is also greater for similar reasoning as the 
reduction of material waste. Also, these members can be safely made as many hazards are 

eliminated in the controlled production locations rather than casting the concrete on site. 
 

Because these precast structural members are cast offsite, the production of each can begin prior 
to when they need to be installed. This allows from the majority of the structural system to be 
created prior to the erection of the buildings structure. Also, as these members don’t cure on-site 

work fronts are accessible earlier, allowing for additional work to occur earlier throughout the 
schedule. The sequencing and installation of these members is greatly quicker, as there is no 

need to install scaffolding, formwork, set reinforcing, and pump or place the concrete into the 
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designated forms. This reduces schedule significantly and can potential reduce the costs of 
construction. 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

 

 

 

 

 

 

Figure 5: Hollow Core Planks (image provided by Bethlehem 

Construction Inc.) 

Figure 6: Precast Column Erection (image provided by timesunion.com) 
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Building Structural Break-Down 

To begin the topic precast structural system analysis a total breakdown of the Maryland Public 

Health Laboratories structural design was conducted. This breakdown encompasses the elevated 
slabs, columns, and beams designed for the building. Shear walls, foundation construction, slab 

on grade, and structural steel weren’t considered in the precast structural analysis. It is 
uncommon for the slab on grade of a building to be precast and delivered for installation. Also, 
the structural steel within the design of this building is small and isn’t incorporated with the 

majority of the structure. 
 

The first structural system taken off from the design documents were the elevated slabs. The 
design documents used to take off the slabs were Floor Slab Layouts, which are provided in 
Appendix F. It is typical for precast slabs to be designed using hollow core planks. It was 

mentioned by an industry professional that the sizing of these planks are on average 32’ x 4’ feet 
in dimension. These units will be 8” in depth as this is the design of the original structure system 

to meet vibration requirements of laboratories. A 2” topping will be placed over the hollow core 
slab. Nitterhouse construction, located in Chambersburg, PA, produces hollow core planks of a 
minimum compressive strength of 5,000 psi which supersedes the building’s slab designed 

compressive strength of 4,000 psi. Nitterhouse’s hollow core specifications are provided in 
Appendix G. All these specifications allow for the use of 32’ x 4’ x 8” hollow core planks 

topping as the elevated slab system of the Maryland Public Health Laboratories. 
 
The floor slab layout was divided into units of 32’ x 4’ to scale, as shown in Figure 7. Certain 

members were elongated to dimensions of 36’ x 4’ to meet adequate connection. Hollow core 
planks can span lengths of up to 40’, which allows the ability to use 36’ spans. Each member is 

placed adjacent to one another horizontally as they are to be grouted together along a key way 
provided in the precast design. Along the shorter ends, cylindrical voids within the slab are 
aligned between slabs and then are grouted together. Because the slab design of the building isn’t 

perfectly rectangular, adjustments were made to fit the angular design in certain areas of the slab. 
This can be done because these planks can be cut at angles to fit angular shapes. Approximations 

were made in these areas these cuts were purely based off the drawings and aren’t precise cuts 
made on-site. In addition to angular cuts, planks can be cut to shorten the member and used 
where there are long gaps between plank connections. 
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Figure 7: Hollow Core Plank Breakdown of First Floor West End (plans provided by HDR, Inc.) 

 
 

Differences in slab layout between floors were considered as the first floor slab was larger than 
those of the above 5 slabs. The upper level penthouse level’s slab is significantly smaller than all 
the others and was need to be taken into consideration to assure an accurate assessment of the 

quantity of hollow core planks needed for the project. The quantities of hollow core planks need 
for the slabs of each floor are graphically represented in Table 6 below. 

 
 

Table 6: Hollow core Plank Quantities per Floor 

Level Quantity 

Floor 1 275 
Floor 2 256 

Floor 3 256 
Floor 4 256 

Floor 5 256 
Lower Level Penthouse 218 
Upper Level Penthouse 100 

Roof 216 
TOTAL 11833 

 

The next portion of the building’s structural system design breakdown is a take-off of structural 
columns. This quantity was established using the column schedule provided within the design 
documents. This schedule is provided in Appendix H. Precast concrete structural columns are 

typically produced in heights, ranging from 2-3 stories. The precast columns designed for this 
building range in various heights depending on the original design. Each column is spliced at 

specific floor heights and is connected using anchor bolts and baseplates, specifically designed 
for each designated splice. The reasoning for the column splicing is to accelerate the production 



April 3, 2013 [MARYLAND PUBLIC HEALTH LABORATORIES] 

 

 

 
S e n i o r  T h e s i s  F i n a l  R e p o r t  

 
Page 35 

process and erection process of the precast 
design. Larger units can be erected at 

more accelerated rates as there are less of 
them to place. These splices will occur on 

floors 3 and 6. The majority of the 
columns are designed spanning from the 
basement floor to the top of the third 

floor, the third floor to the top of the fifth 
floor, and the entirety of the mechanical 

penthouse space. 5,000 psi structural grout 
designed to resist shrinkage is placed 
between each column splice connection. 

A graphical representation of the splicing 
is provided in Figure 8. The anchor bolts 

fasten into the baseplate is to assure 
stability and rigidity of the splice 
connection. 

 
Every column taken off and combined to 

other building columns from the original drawings, to form those reaching 2-3 stories, never 
exceed 55’. This height was established after speaking to industry professionals as it would be 
too cumbersome and heavy to control during a critical crane pick of the larger members. Also, 

consideration in flatbed truck length was taken to assure every column could safely fit on the 
flatbed during deliveries. The longest flatbed extension of a truck by requirement can be 54’. The 

tallest precast column size designed for the Maryland Public Health Laboratories is 54’, which is 
adequate with the flatbed truck requirements. 
 

When combining columns of specific stories, considerations to column dimensions and original 
height were made. The subgrade portion of the building is 20’. The ground floor is 18’ in height, 

floors 2-5 are each 16’ in height and both penthouse levels are 20’. Whenever possible the 
subgrade and first two floor columns were combined for a total column height of approximately 
54’. The following three building floors were combined for a total height of 48’. Lastly, the 

penthouse columns were combined for a total column height of 40’. 
 

Unfortunately, there were many places where columns at specific column- line locations wouldn’t 
extend the entirety of the building. Columns that only reached a single story or were located only 
at certain floors of the building were noted. In Appendix I a table is provided representing the 

designed precast concrete columns based off the original structural design documents. This table 
provides the column designation, dimensions, height, and reinforcement type and size of the 

column. It is important to note that all original reinforcement design within these members will 
remain the same. No changes to the reinforcement were done because it was mentioned that at 
the production plant reinforcement can be applied as shown in the original drawings without 

exceptions. 
 

The last take off performed in the building’s structural breakdown was the structural beams. 
These beams weren’t indicated in the structural drawings in the Floor Framing Layout’s so to 

Figure 8: Concrete Column Splice Connection (image 

provided by Nitterhouse Concrete Products) 
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obtain the quantity of beams need for the precast structural system design the quantity of 
concrete used within the 95% accurate bid was used. A total of 1,035 cubic yards or 27,945 cubic 

feet of concrete was used solely for beam design in the original design documents. Using the 
beam schedule within in the drawings, which is provided in Appendix J, a total of 394 beams 

were accounted for in the design of this building. Dividing 27,945 cubic feet of concrete by 394 
beams, an average size for each beam in the building is 72 cubic feet. Because of the lack of 
information provided in the drawings there is uncertainty in the length of each member. The 

lengths of each structural member is established by the dimensions of specific members, 
provided by the column schedule, in association to the average column size of 72 cu. ft. 

established above. This value is based off the Turners budgeted amount of concrete specifically 
for concrete beams on the project. The amount procured for concrete beams was approximately 
711 cubic yards of concrete. The breakdown of beams per floor is provided in Table 7 below. 

 
Table 7: Structural Beam Quantities per Floor 

Level Quantity 

Floor 1 59 
Floor 2 70 
Floor 3 45 

Floor 4 45 
Floor 5 50 

Lower Level Penthouse 70 
Upper Level Penthouse 30 
Roof 26 

TOTAL 394 

 

 
After the completion of the structural system breakdown into adequate sized members for precast 
design costs and sequencing can be established. This breakdown accounted for the slab, which is 

designed using precast hollow core planks, columns, and beams.  
 

Crane Specification 

The crane is an essential piece of equipment when placing precast structural members. Because 
these members are typically large and weigh a great amount a crane that can withstand such a 

load must be used to effectively implement the structural design. 
 

Currently on the Maryland Public Health Laboratories project the Peiner SK 415 Hammerhead 
Tower Crane is being rented (complete specification provided in Appendix K). This crane’s 
lifting capacity is approximately 22,025-44,050 lbs. (10-20 tons). Unfortunately, the precast 

design of the largest member, a 54’ column at 32.75” x 28”, weighs 48,432 lbs. This weight 
doesn’t include the reinforcement, but is significantly greater than the lifting capacity of the 

crane that the reinforcement weight doesn’t need to be taken into consideration. To implement a 
precast structural system there will need to be an increase in the crane size. The Peiner SK 565 is 
more suitable for the precast system conditions. 
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The Peiner SK 565 Hammerhead Tower 
Crane has the ability to lift up to 70,600 

lbs. or 32 tons. (Complete crane 
specification provided in Appendix K) 

This lifting capacity is well over any 
weight produced by any of the designed 
precast members. Also, this mast 

difference between cranes 45’, as the SK 
565 reaches a maximum height of 260’. 

This height is suitable for lifting these 
members into place and the additional 
height provided room to efficiently move 

larger members without issues concerning 
lift height.  

 
Unfortunately, due to the increase in crane 
size, there is an increased cost associated. 

This will be discussed in the Precast Cost Analysis section. 
 

Site Logistical Planning 

The Maryland Public Health 
Laboratories project is located in 

an established part of Baltimore. 
There is existing features on all 

sides of the project boundaries that 
must be taken into consideration. 
Figure 10 shows a satellite image 

of the current site. Because precast 
structural members are designed 

offsite and are delivered to the 
project when they are ready to be 
installed, planning for the delivers 

is necessary. Currently Jacob’s and 
Turner, who are the responsible 

parties on the current project for 
logistical issues, are directing 
concrete trucks from N. Wolfe St., 

a block east of the site, down 
Ashland Ave. These trucks station 

adjacent to the tower crane located 
in the middle of the south side of 
the excavated boundary. 

Once each of these concrete trucks 
have provided all there delivered concrete to the site they are properly washed through a Neptune 

Truck Washing Machine approximately 100 feet down Ashland Ave. This is required by the city 

Figure 9: Hammerhead Tower Crane (image provided by Biggie 

Crane and Rigging) 

Figure 5: Satellite Image of S ite (image provided by Google Maps) 
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and project as this ensures all concrete trucks leaving the area don’t accidently leave debris and 
wet concrete on the streets and property of Baltimore.  

With the use of precast units there won’t be a need for this truck washing machine. The use of 
already cured concrete will eliminate any 

possibility for leaving wet concrete on the city 
streets. But, because grouting will be 
necessary to establish the precast member 

connections this machine will remain in place. 
These grouting pump trucks are required to be 

cleaned, similar to concrete trucks, as they do 
provide material of a cementitious nature. 
Figure 11 is an image of grout being pumped 

from a delivery truck into a designated 
location.   

 
A similar logistics plan would occur with the 
precast member deliveries. As the project 

teams have already established clearance to use the streets mentioned above for concrete 
delivery, this will be the same route used for the precast deliveries. Flatbed trucks of dimensions 

of 98” width and 54’ length will approach the site via N. Wolfe St and turn onto Ashland Ave. 
They will stage themselves in the designated zoned off area for crane picks. This zone has been 
approved by the city as staging area for concrete trucks therefor it will be used to stage flatbed 

delivery trucks and grout delivery trucks/pumps.  
 

To assure efficiency in the precast member picks and grout pumping, project superintendents 
will direct the two individual trucks in such to reduce congestion. As grout pumps have a 
restricted reach they will be stationed along Ashland Ave. to effectively reach there designated 

grouting connections at the time. The precast delivery truck will be close in proximity to the 
pump truck, but there isn’t as great of an importance of its staging position. The delivery trucks 

will station along Ashland Ave. in a location where the tower crane can effective and safely hoist 
the member off the flatbed. 
 

Flaggers will assist the trucks and direct pedestrian and vehicular traffic on Ashland Ave. to 
assure safety to the nearby people and equipment. Because the current site is located in an urban 

environment it is crucial that flaggers be attentive to the occurring lifts.  During member lifts 
traffic will cease until the member is safely fastened to its designed location. These large 
members of significant weight can cause property and health damage, so flaggers must prevent 

all traffic within the crane lifting radius. Appendix L depicts a visual representation of the site 
logistical plan of the delivery process of the precast members. 

 
 
 

 
 

 
 

Figure 11: Grout Delivery Truck and Pump (image provided 

by all-concrete-cement.com) 
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Precast Member Sequencing 

Sequencing is an important constructability concept that must be logically planned to assure 

effective building. The sequencing of precast structural member installation will be similar to 
that of the original cast in place plan. After the slab on grade, shear walls, and foundation are 

installed during the subgrade structural phase, columns will be placed from west to east. These 
columns will be installed into designated footings 
along the slab on grade. The connection will consist 

of the baseplate attached to the bottom of the 
column face and anchored into the spread footing 

by means of anchor bolts. Similar to the column 
splice connection mentioned above, 5,000 psi non-
shrink structural grout will be place between the 

structural connections. The connection detail is 
provided in Figure 12. 

Columns will begin being installed at the north 
most column line E and continue towards the crane 
to column line A. Columns existing in the main 

bays will be installed prior to smaller columns 
being placed.  

 
Once all columns that exist through the basement and first two floors of the building are installed 
are installed, beams designed for the first floor will be installed. These beams are connected to 

column members by grouting them to designed ledges along the precast columns. Figure 13 
depicts the connection of these columns and beams. 

 
After all beams have been safely connected 
to their respective columns, hollow core 

planks for the first floor will be installed. 
These planks, similar to column erection, 

will be installed from west to east and from 
north to south. Each plank is fastened along 
ledger beams located around the perimeter 

of the building and lie on top of beams 
installed within the interior of the building. 

The edges of each plank are grouted into 
place using 5,000 psi grout on these 
hunches, or the ledges mentioned above, to 

assure stability. Hollow core planks are 
connected to one another by grouting 

adjacent keyways together. Figure14 

provides a detail of hollow core plank 
connections. The a detail of the grouting 

keyways mentioned above is provided in 
Figure 15 

 

 

Figure 13: Precast Column to Beam Connection (image 

provided by Nitterhouse Concrete Products) 

Figure 12: Column to Spread Footing Connection 

(image provided by Nitterhouse Concrete Products) 
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The installation of beams and hollow core 

planks will continue to occur in a similar 
process until the first three floors are 

completely erected. Columns erection will 
continue, as column splices will allow for 
the next three floors to be erected. Columns 

will connect to one another by means of 
anchor bolts and column shoes as 

mentioned above. Once all columns 
between the third to fifth floors are 
installed, beams then hollow core planks 

will proceed. This process will continue 
throughout the entire building, until all 

precast member have been safely connected 
to one another. The last of the structural 
member reside in the roof design and allow 

for the construction of the buildings 
envelope to commence.  

 
 
Scheduling Impacts 

The Maryland Public Laboratories has been 
planned to proceed on a strict schedule with a Notice to Proceed on December 19, 2011 and 

Completion of Work date of April 19, 2014. Unfortunately the project suffered great set back in 
the schedule, but the implementation of a precast concrete structural system will significantly 
reduce the time frame of the structural erection phase.  

 
The original cast in place concrete structural design was proposed to take approximately 116 

days to complete (May 25- Sep. 19). Because Jacobs has scheduled the concrete subcontractors, 
Miller Long & Arnold, to work Saturday shifts, the total duration for the completion of the cast 
in place structure totals to 97 days or 16.2 weeks.  Many tasks involved with the original plan 

included erecting scaffold framing system, place formwork, pour concrete structural system, cure 
concrete, and remove scaffolding, formwork, and reshore. Many of these tasks are eliminated or 

reduced with the implementation of a precast structural system, reducing the time it takes to erect 

Figure 14: Hollow Core Plank to Plank Connection (image provided by Nitterhouse Concrete 

Products) 

 

 

Figure 15: Grouting Keyway Detail (image provided by 

Nitterhouse Concrete Products) 
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the building’s structure. Because structural members are created off-site there is no need for 
formwork and scaffolding is significantly reduced. Shoring is reduced as well because the 

concrete doesn’t need to undergo a curing process to reach its desired strength. 
 

There are several additional factors to take into account when planning to use a precast structural 
system that don’t apply to a cast in place concrete system. The time to pick and place members 
must be established, as well as the time it takes to grout and connect members. Columns and 

beams take approximately 30 minutes to erect, provided by industry professionals. Hollow core 
planks take roughly 10 minutes to erect and place each. Grouting and fastening connections 

occur during the member lift preparation and lifting process so doesn’t affect the time it takes to 
lift members. Grout pumps are used to connect members together. The need for significant 
scaffolding become eliminated from the process and is negligible to the project schedule, 

according to industry professionals. 
 

With the given lifting, erection and connecting information provided by industry professionals, 
time calculations are performed to establish the total amount of time it would take to efficiently 
erect a precast building structure. Using the 30 minutes erection time for beams and columns, a 

total of 41.6 days (8.3 weeks) will be the time it takes to erect 656 members. In addition, the total 
time to erect 1617 hollow core planks at 10 minutes per lift would be 38.2 days (7.6 weeks). 

There is no need to change the hoist block between lifts of different members as the same 
component can be used to lift each precast member. (It is important to note that all scheduling 
calculations are based on a 5 day, 8 hour work week.) 

 
Table 8- Precast Member Erection Time 

Members # of Members Pick Duration Quantity 

Beam/Columns 
271 + 394 = 665 

30 min. 19950 min. (41.6 

days) 

Hollow Core Planks 1833 
10 min. 18330 min. (38.2 

days) 

    
 

 
TOTAL 

DURATION 
79.8 days ~ 80 days 

 
 
The total amount of time it will take to erect a precast structural system will be the summation of 

both the beams/columns and hollow core planks and that will be approximately 80 days. This is a 
difference of 17 days or 3.4 weeks from the original cast in place concrete plan. The significant 

reduction in schedule almost absolves the lost two months in project schedule, due to ground 
water table issues. Also, because the concrete doesn’t need to cure on-site, designated trades can 
begin work on finished floors as work fronts become available quicker. MEP work can begin 20 

days prior to the original project schedule start date. This creates an additional reduction in the 
schedule that isn’t accounted for within this analysis. 

 
 
Production Duration 
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Precast units are produced off-site at a controlled production plant and are delivered to the 
project site at the time they are needed to be installed. Because most of the information about 

precast structural systems was provided by Nitterhouse Concrete Products that is the selected 
vendor for the project. It is typical to have approximately 75% of the concrete produced before 

structural erection occurs on site. With the given amount of precast members used for the 
Maryland Public Laboratories project, 2498 members must be produced prior to the erection 
process. 

 
Production information provided by Nitterhouse indicated that 50 hollow core slabs can be 

created in one work day and 3 columns and beams can be created in a work day. Hollow core 
planks and beams/columns can be produced simultaneously so the members with the greater 
duration to complete will be the control time frame. Beam and columns will take a total of 222 

work days to produce or 44 weeks (11 months).  
 

To produce precast members in time for the erection process, production must occur on June 25, 
2011. This date is approximately 11 months prior to the beginning of concrete structural 
construction on May 25, 2012, set in the original project schedule. Because Nitterhouse’s 

concrete plant is located approximately 100 miles away from the project site in Baltimore, MD, 
deliveries can be shipped that day without layovers in designated locations. The expected 

delivery duration is 1 hours 42 min. according to Google Maps, so this will not ultimately affect 
the start production date of the precast concrete members. Figure 16 depicts the intended route 
precast deliveries will take to reach the project site. 

 
Figure 16: Precast Concrete Delivery Route (image provided by maps.google.com) 

Cost Analysis 
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Typically the implementation of precast structural systems is to significantly reduce project 
schedule. In certain cases, cost savings can be associated with using precast and prefabricated 

unit in a design. Employing precast structural units for the superstructure of the Maryland Public 
Laboratories can save a large sum of money on the project. 

In conclusion to discussion with industry professionals at Nitterhouse Concrete Products, cost 
values were established for the concrete units that would be used on the project. The cost of a 
hollow core plank, used to create the floor slabs of the building, costs on average $8.00 per 

square foot. It was mentioned that this price includes the following: 
 

 6000 psi concrete 

 Production cost (labor, formwork, testing, etc.) 

 5000 psi reinforced grout used to fill cylindrical voids and create connections 

 Reinforcement based on specification 

 Delivery cost (preparation, fuel, driver fee) 

 Erection costs (labor costs for 6 person crew) 

 
Precast structural columns are valued at approximately $140 for every foot in height. This price 

includes: 
 

 5000 psi concrete 

 Production cost (labor, formwork, hunches, testing, etc.) 

 5000 psi reinforced grout used to connect beams to hunches, splicing, and spread footing 
connections. 

 Baseplates, anchor bolts (nuts and washers), steel shims, column reinforcement based on 
specification. 

 Delivery cost (preparation, fuel, driver fee) 

 Erection cost (labor costs for 6 person crew) 

 
Lastly, structural beams are approximately $155 for every foot in length. This price includes: 

  

 5000 psi concrete 

 Production cost (labor, formwork, testing, etc.) 

 5000 psi reinforced grout for connection to columns and hollow core planks. 

 Misc. steel for connections (steel angles, jumper plates, studs, etc.) 

 Delivery cost (preparation, fuel, driver fee) 

 Erection cost (labor costs for 6 person crew) 
 

Using the given cost values for each precast structural unit and the quantity needed to be 
produced to fulfill the design, the total cost for the precast structural system can be established. 
Table 9 shows the calculated cost values of the hollow core planks, structural columns and 

beams, based on the costs data provided by a Nitterhouse project executive. 
 

 

Table 9: Structural Precast Unit Cost (Vendor Pricing) 

Precast Structural System Cost Using Vendor Pricing 
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Structural Unit Quantity of 

Members 

Calculated 

Units for Cost 

Cost per 

Unit 

Total Cost 

8” Hollow Core 

Plank 

1833 208,096 sq. ft. 8.00/ S.F. $1,889,024.00 

Structural 

Column 

271 1373 ft. 140.00/ ft. $1,655,220.00 

Structural 

Beam 

394 2948.29 ft. 155.00/ ft. $1,880,842.85 

     

  TOTAL COST : $5,425,086.85 

 
Based off these cost values the structural system totals to approximately $5,201,130.00. It is 
important to note that this doesn’t include structural members such as, structural steel, shear 

walls, foundation construction, and slab on grade. Appendix M provides a cost breakdown 
estimate of the precast structural system using vendor pricing. To ensure accuracy of the given 

structural system total, an RS Means Assemblies cost was established. 
 
RS Means Cost data provides costs data for a building system. Systems are broken down by units 

typically associated with the design and used to produce an overall price for the system. There 
were five sections used from the RSMeans Assemblies Cost Data 2013 manual that included, 

“Tied, Concentric Loaded Precast Concrete Columns”, “Tied, Eccentric Loaded Precast 
Concrete Columns”, “Rectangular Precast Beams”, “ ‘L’ Shaped Precast Beams”, and “Precast 
Plank with No Topping.” 

 
The column breakdown and take-off was used to price the system using RSMeans. Columns that 

were positioned on locations against the building’s external walls were considered eccentrically 
loaded. These columns included those in columns line 1, 15.5, 15.6, 16, A, A.3, E, E.5, B2 
columns, columns in column line B in the penthouse, and columns in column line 15 positioned 

above the first two floors. Once this has been established columns were priced using the section 
B1010 206 & B1010 207 in RSMeans. 

 
The columns within this section are broken down into the several components that it takes to 
assemble the precast member. These components include: 

 

 precast column of either 10-12’ story height, 5 ksi. concrete 

 anchor bolts in set 

 steel bearing plates; top, bottom, haunches (haunches at designated floor heights) 

 erection crew. 
 

To properly price the columns of the building superstructure each column that was created was 
priced based off the column size dimensions and vertical height. Most columns were based off a 

14’ floor height, as this was the largest floor height provided in the manual. The building ranges 
in floor heights from 16’-20’ so 14’ was the next best option. To appropriately price columns 
whose dimensions were two large and weren’t indicated within the manual, a trend-line was 

produced from a graph of all costs versus their respective sizes. The trend line equation was used 
to calculate the price for size columns that weren’t provided in the manual. The total price for 
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each column is based of material and installation costs. The total column cost of the precast 
columns estimated to be $2,099,601 

 
The structural precast beams were priced using the sections B1010 213 and B1010 215. Beams 

that were casted along the external walls of the buildings were estimated as “L” shaped precast 
beams as they are designed with a ledge that the edge of the slab will be grouted. Beams within 
the upper penthouse level and roof level and existed along the external walls of the building 

weren’t chosen to be “L” shaped precast member as they didn’t hold up a floor slab. These 
beams held up roof materials and there was no need for the ledge to be formed on the beam. 

Both types of beams are produced prestressed members that are made from 5 ksi. concrete. The 
difficulty for pricing the beams was that all the beams provided within the drawings spanned 
lengths that weren’t provided specifically in RSMeans. Also, RSMeans provides beams with 

common dimensions and those within the design varied from those provided. To best calculate 
prices for precast beams, beams within the drawings were rounded to the nearest span and sizing. 

Each beam’s costs include the price of materials and an installation fee. The total cost estimated 
for the beams was $2,087,268.  

 

Lastly, hollow core planks were priced using the section B1010 229. The 32’x 4’ and 36’x 4’ 
planks, both at 8” deep, were priced using 30’ span. This was so because the difference in price 

varied very slightly between span increments. The hollow core plank assembly includes: 
 

 Precast prestressed concrete floor slabs 8” thick, grouted 

 Edge forms to 6” high on elevated slab, 4 uses 

 Welded wire fabric 6 x 6 – W1.4 x W1.4 (10x10), 21 lb. /csf, 10? Lap 

 Concrete, ready mix, regular weight, 3000 psi 

 Place and vibrate concrete, elevated less than 6”, pumped 

 Finishing floor, monolithic steel trowel finish for resilient tile 

 Curing with sprayed membrane curing compound 
 

The total cost for each plank, which includes both materials and installation fees, came to be 
$10.06 per square foot. As there is 1617 units the total cost for the hollow core plank slab system 
totaled $2,082,179.  

 
The total cost when estimated using RSMeans Cost Assemblies data totals to $7,793,203. This 

cost significantly exceeds vendors pricing of $5,201,130.00. Appendix N provides a cost 
analysis on the precast structural system using RSMeans Cost Assemblies Data 2013. This can 
be due to a number of factors. First of all many precast member’s dimensions had to be rounded 

to fit numerical data provided within the manuals. This was mostly performed during the beam 
estimating. Many beam dimensions within the original drawing didn’t match the provided data. 

These beams had to be rounded and some beams were cut into smaller segments to match 
dimensions in the manual. This created additional cost as producing a lot of smaller beams is less 
cost efficient than producing larger beams. Also, columns were priced less expensive the great 

height their hunches were located or their floor heights. The only floor heights provided were 
those at 10’, 12’, and 14’, while the lowest floor height was 16’ in the Maryland Public 

Laboratories. Also, larger column dimensions had a greater priced associated with the column. 
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Vendor pricing was based off a lump sum price that included an average of all components 
included in the production and installation of the members. Mangers at Nitterhouse explained 

that their prices included concrete, grout, miscellaneous steel, reinforcement, production costs, 
installation costs, etc. Unfortunately the prices were given as a single price per square foot or 

linear foot, which didn’t take into account members of greater or smaller dimensions. Also, 
reinforcement was hidden in the lump sum price, so there wasn’t any indication what size 
reinforcement was used and the weight of reinforcement used for accurate pricing. 

 
The final costs associated with the precast concrete structural system that hasn’t been mentioned 

is the additional cost associated to the increased crane size. The crane need to lift these large 
precast members had to be able to lift approximately 48,000 lbs. of weight. The tower crane 
originally purchased for the site was only able to lift a maximum of 44,000 lbs. A similar crane, 

but at the next size would be able to carry a maximum of 70,600 lbs. This far exceeds the amount 
needed to carry the largest precast members. The original crane was budgeted at $50,000 per 

month and was used for a total of 12 months. This is a total cost of $600,000. After speaking 
with crane rental vendors, Biggie Crane and Rigging Co., a rental price for the Peiner SK 565 
Hammerhead Tower Crane (next size up) would cost an additional $25,000 a month or $75,000 a 

months. This totals to $900,000 budgeted to the project for a larger crane. This is a significant 
increase in price as the difference between crane sizes is $300,000. 

 
Feasibility Analysis 

To accurately determine the feasibility of the proposed analysis of implementing a precast 

structural system within the Maryland Public Health Laboratories cost and schedule comparisons 
must be conducted. The ultimate reason for implementing a precast structural system is 

accelerate the project schedule, as these members are easier to install and the tasks of creating 
the formwork onsite, preparing for the concrete pour, finishing the concrete, and curing the 
concrete is eliminated for the schedule. The production of the concrete members would occur 

before the construction of the building’s superstructure. These members would be casted off-site 
at a production plant during site preparation, excavation, and foundation phases of construction. 

The production portion of the precast concrete process would have no effect on the total project 
schedule. 

 

To successfully install the entire structure, lifting the members off the flatbed trucks, placing into 
their designated locations, and grouting all member connections would take a calculated 80 days 

(16 weeks). This duration based on a 5 day work schedule. The projected duration of the original 
cast in place concrete system was supposed to take approximately 97 days (16.2) to complete. 
This duration is based off the originally implemented 6 day work schedule. If 5 day work 

schedule was created this duration would total to 19.4 weeks. This has been indicated in the 
projects baseline schedule between the dates of May 25, 2012- September 19, 2012.  The amount 

of time saved implementing a precast concrete structural system would be approximately 17 
working days or 3.4 weeks based off a 5 day working schedule. This proves that implementing a 
precast structural system would be highly beneficial toward accelerating the schedule. Not only 

will the project team save approximately 3.4 weeks from the total project schedule, but project 
management teams wouldn’t have to implement a 6 day work schedule for the concrete 

subcontractors. 
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The second comparison is the costs associated with the original cast in place concrete system 
versus the newly implemented precast structural system. The cost of concrete column, beams, 

and elevated slab construction for the original cast in place concrete system derives from the 
90% CD Reconciled Estimate created by Jacobs Engineering. The Superstructure section of cost 

estimate is broken down into several categories. The categories of importance include, Concrete 
Columns, Upper Floor Construction, Upper Floor Construction- Conc. Beams, and One way 
Slabs. Figure 17 provides a cost break down for each for the concrete superstructure. The 

breakdown is only based on those categories that matter to the cost analysis. Table 10 provides a 
costs summary of these indicated categories and the total costs of the superstructure.  

 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
Table 10: Analysis Cost Totals (information provided by Jacobs Engineering) 

Analysis Cost Total for Cast in Place Concrete Superstructure 
Sub-Category Takeoff Quantity Total Cost/Unit Total Amount 

Concrete Columns 2,130 C.Y. 730.45/ C.Y. 1,555,862 

Figure 6: Jacob's Engineering Estimated Superstructure Cost (image provided by Jacobs Engineering) 
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Upper Floor  
Construction 185,394 S.F. 22.43/ S.F. 4,158,529 

One way Slabs 22,700 S.F. 16.98/ S.F. 385,513 
Upper Floor 

Construction – 
Concrete Beams 711 C.Y. 1,503.38/ C.Y. 1,068,903 
    

 SUPERSTRUCTURE TOTAL COST: $7,168,807 

 
The total cost of the superstructure being analyzed from Jacobs’ estimated costs is $7,168,807. 
Because this is based off 90% completed CD’s there is a +/- 10% from the total cost. This means 

the total is approximately around $6.45 million and $7.89 million.  
 

Turner Construction Company has provided a pay application form for the concrete work 
performed on site that gives a more accurate cost value for the work. This pay application form 
was submitted on May 15, 2012, so it doesn’t account for all the work to be completed nor does 

it account for all change orders associated with the Table 11 breaks down the pay application 
into the cost values that are important for the cost analysis. 

 
Table 11: Turner Pay App. Cost Values (information provided by Turner Construction Co.) 

Turner Pay Application Cost Values 
Description of Work Scheduled Values 

CATWALK/MEZZANINE  

Framed Slab $50,600 

  

FIRST FLOOR  
Framed Slab $599,300 

Columns up to Second $165,899 

Topping Slabs $12,999 

Grade Beams on North Side $13,600 

  

SECOND FLOOR  

Framed Slab $624,801 

Columns up to Third $130,100 

  

THIRD FLOOR  
Framed Slab $585,699 

Columns up to Fourth $134,701 

  
FOURTH FLOOR  
Framed Slab $567,201 

Columns up to Fifth $131,100 

  

FIFTH FLOOR  

Framed Slab $606,899 
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Columns up to PH01 $139,000 

  

PENTHOUSE LEVEL 01  

Framed Slab $605,279 

Columns up to PH02 $187,900 

Intermediate Beams at 8’-8” on north side $25,999 

  

PENTHOUSE LEVEL 02  

Framed Slab $291,400 

Columns up to Roof $69,020 

2 Rows of intermediate beams between PH01 and 

the Roof $85,601 

Piers $13,400 

Curbs $16,600 

  

ROOF  

Framed Slab $248,700 

Beams on west and south sides  $23,200 

Curbs $6,500 

  

SUPERSTRUCTURE TOTAL $5,335,498 

  

CHANGE ORDERS  

Change Order #1 Concrete $1,500,000 

 

After calculating the budgeted cost for concrete work that applies to the analysis a total of 
$5,335,498 was attributed to the cast in place construction. This is a more accurate cost value 

than the estimated value as this is the Turner’s actual budgeted amount for the concrete 
construction. Appendix O provides Turner’s pay application form with all the concrete 
construction cost values. 

 
The calculated cost to implement a precast concrete structural system is $5.4 million by vendor 

values and $7.8 million estimated by RSMeans values. Because the vendor pricing didn’t 
account for column dimensions, weight of miscellaneous steel for each member, grouting 
amounts for different sized members, etc. as it was a lump sum price and the cost values from 

RSMeans Cost Assemblies data were restricted to certain sized members and didn’t fully apply 
to the member designed for this structure a 25% cost of the difference between the two values 

was added to the lower number. The average of the two numbers wasn’t used because 
Nitterhouses vendor price would be more accurate price as they build columns, beams, and 
planks that would meet the specifications of the building. RSMeans is a general tool to calculate 

an approximate cost for the system. Information provided within the Assemblies Cost Data 
manual didn’t specify different types of precast concrete units and the construction involved.  

The total cost for the precast structural system would be $6 million. An additional $0.3 million is 
also added to this value, as the additional costs associated with the crane increase must be 
factored. The grand total of the precast structural system is $6.3 million. 
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A precast structural system would be greatly beneficial to the project as it reduces the total 
project schedule by 17 works days or 3.4 weeks. Also the cost to implement this system would 

be $6.3 million, which is significantly lower than Jacob’s detailed estimated cost of $7.2 million. 
Turner’s pay application provides information indicating that the cost budgeted for the 

superstructure analyzed was $5.3 million, which is significantly lower than the precast system. 
There was a change order for concrete work made on the project for $1.5 million. This has 
ultimately affected the cost budgeted for concrete on the job. 

 
Because there isn’t a breakdown of the concrete change order submitted by Turner the 

construction costs associated with the analysis was divided by the total structure work, which 
included structural steel, foundations, shear walls, etc. The cost of slab, beam, and column 
construction accounted for 65% of the structural construction. This is the percentage taken from 

the change order and added to the structural work budgeted by Turner. This creates a total 
superstructure cost of $6.3 million. 

 
The cost to implement a precast concrete structural system is roughly the same cost that Turner 
budgeted for the cast in place system. The precast system is also cheaper than what has originally 

been estimated by Jacobs. Because a precast structural system doesn’t create additional costs to 
the project and reduces the schedule by approximately 3.4 weeks it is ultimately a feasibly 

procedure for the project. The Maryland Public Health Laboratories would benefit from using 
this proposed system if only the cost and schedule between the two systems were analyzed.  
 

Unfortunately, a precast structural system can’t be implemented based off the design of a cast in 
place structure. There are requirements and design standards that precast units must meet to be 

sufficient in a project design. Members are design to withstand certain loads and a structural 
analysis must be performed to establish whether these members could actually perform under the 
given circumstances within the new precast design. This will be provided in the structural 

breadth within this analysis. 
 

Structural Breadth Analysis: Precast Concrete Structural Design on 

a Typical Floor 
 

Problem Identification 

In the previous analysis the feasibility of implementing a precast concrete structural system in 

place of a cast in place structural system was performed using original the original structural 
design. A break-down of the superstructure was conducted and divided into precast members. 

This can’t be simply done in a structural sense as there are things to consider when designing a 
precast structural system. A major structural issue that was introduced when implementing a 
precast structural system was the elimination of drop panels at each of the major structural 

columns. Another area that needs to be considered is the applied load hollow core planks can 
resist at given spans without experiencing rupture. To do so an structural analysis must be 

conducted on a typical building floor (Floor 3), that will analysis the loading at columns with 
drop panels and of hollow core planks.  
 

Punching Shear & Moment at Columns 
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The Maryland Public Health Laboratories 
elevated floor slab system was design as a 10” 

two-way flat slab with 8” deep drop panels at 
each column. The dimensions of these drop 

panels are 6’6” x 7’ at exterior columns and 
9’6” x 7’3” at interior columns. Figure 18 
provides an image of a flat slab with drop 

panels below the slab at each column head. The 
purpose of these panels is to reduce punching 

shear or shearing stress at the column. This is 
the load applied by the column onto the slab 
above, which if to great can actually puncture 

through the given slab. The drop panel creates a 
surface area that the load from the column can 

distributed across alleviating a great amount of 
load applied to a small amount of area. 
 

Also, if the dimensions of the drop panel are large enough, they increase moment resistance. The 
drop panels designed on the Maryland Public Health Laboratories are designed as such to 

provide moment resistance to the two way-flat slab designed at each elevated floor. 
 
After discussions with industry professionals at Nitterhouse Concrete Products it was mentioned 

that these drop panels would be eliminated from the design if precast concrete units were to be 
used for the structural system of the building. This significantly increases the punching shear at 

the column to slab connections and increases the moment within the slab. To better understand 
the punching shear experienced at these connections calculations have been done to achieve the 
shear stress. 

 
Punching Shear Analysis 

To effectively calculate the punching shear experienced at an interior column, the ultimate 
compressive load (Pu) must be calculated at each. This value is equivalent to the ultimate shear 
load (Vu) at theses given locations. The concrete column that will be evaluated is columns C7 on 

the third floor of the building. Figure 19 is a plan view of the two columns being evaluated for 
shear stress. 

 

Figure 18: Flat Slab with Drop Panels (image provided by 

concrete.org.uk) 
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Figure 19: Plan View of Columns for Punching Shear Calculations 

 
To calculate the ultimate compressive load of the interior column (C7) the equations (1.1) and 

(1.2) is used. 
 

Roof Compressive Load:              (      )     (1.1) 

 

Floor Compressive Load:              (  )                (1.2) 

 
LD is the dead load applied to the column, LL is the reduced live load of the typical floor, S is the 
applied snow load, and LR is the roof load. The greater applied load between the snow load and 

roof live load will be used in the equation. 
 

Col. C7 
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A reduction of live load must be done using the maximum value produced between equations 
(1.3) and (1.4) 

 

                        (1.3) 

 

       [      √
  

                     
]              (1.4) 

 
L0 is the unreduced live load of the typical floor, which was 125 psf. KLL is the live load element 

factor. AT is the tributary area of the column. For the interior column the tributary are would be 
641.78 ft2. Figure 1 shows the tributary area of column C7. 

 

 
Figure 20: Tributary Area of Col. C7 

 
This area was calculated by taking the average of the lengths of the adjacent bays in the vertical 

directions of plan and multiplying that value by the average of the widths of the adjacent bays in 
the horizontal directions. Column C7 is located 21’-4” from column both column lines 6 and 8. 
C7 is also located 28’-6” from column line D and 31’ – 8” from column line B. This produces a 

tributary area dimensions of 21’-4” x 30’. 
 

The column being evaluated exists on the third floor so there are four floors above. The KLL of an 
interior column is 4. This value is obtained from Table 4-2 in the “Reduction in Live Loads” 

Col. Tributary Area 
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section of ASCE 7-05. Using all given values the calculated reduced live loads using equations 
(1.3) and (1.4) is 50 psf. and 36 psf. 50 psf. will be used because it’s the greater value between 

the two. 
 

The floor dead load is calculated using the desired precast hollow core planks designed for the 
building. A 8” deep hollow core plank with 2” topping has a precast weight of 61.25 psf. and a 
concrete topping weight of 25 psf., which produces a combined weight of 86.25 psf. These 

weights were provided by the Nitterhouse’s specifications of this unit. HDR have indicated in 
their design data that the designed dead load for a floor is 8 psf. in addition to its self-weight. 

This produces a total floor dead load of 94.25 psf. 
 
The roof is dead load is comprised of both a concrete structural slab and the roofing system that 

resides on top of the structure. Because the roof is designed using hollow core planks the 
calculated 86.25 psf. for the slab system can be used. The roofing system is comprised of a roof 

paver system, pedestals, filter fabric, 6” rigid roof insulation, drainage board, protection board, a 
rubberized asphalt membrane, and primer. Figure 21 shows a detail of the roof that will apply 
load to column C7. Figure 22 shows a perspective drawing of the components of the roof 

assembly. 
 

 
Figure 21: Detail of Roof Above Column C7 (image provided by HDR, Inc.) 
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Figure 22: Roof Assembly Breakdown (image provided by HDR, Inc.) 

 
 

The dead load of the roof assembly is the summation of weights per square foot of all 
components of the assembly. The roof paver is approximately 2 psf. as provided by the vendor 

Grassy Pavers. Rigid insulation for roofs and walls is calculated by the depth. According to the 
Florida Building Code rigid insulation is 0.75 psf. per inch depth. Because there is 6” rigid 
insulation board, the total weight of the insulation is 4.5 psf. The filter fabric is 0.5 psf. and both 

the drainage board and protection board are 1 psf. The hot rubberized asphalt membrane is 
approximated to be 1 psf. This was established using specification of HRM 714 – Hot-Applied 

Rubberized Asphalt Membrane provided by the vendor, W.R. Meadows. Lastly, the pedestal 
system’s weight is negligible because they are only placed in certain locations and not across the 
entire roof area. The total dead load of the roof assembly totals to 10 psf. This is added to the 

structural weight of 86.25 psf. to produce a roof total dead load of 96.25 psf. HDR indicates in 
their design data that green roof systems, as demonstrated above, have dead loads of 40 psf. in 

addition to the self-weight. This brings the total roof dead load to 136.25 psf. 
 
The last values need for equation (1.1) is the snow load and roof live load. The roof live load has 

been calculated and is indicated in HDR’s design data as 30 psf. minimum. The snow load can 
be calculated with equation (1.5) 

 

Flat-Roof Snow Load:                              (1.5) 

 
Ce is the snow exposure factor, which is 0.9 in the Baltimore area. I is the snow load importance 

factor, which is 1.0 in the Baltimore area. Lastly, Pg is the ground snow load, which is 25 psf. All 
these values are provided in “Snow Loads” section in ASCE 7-05. The approximate snow load 

value is 16 psf. which is less than the roof live load of 30 psf. Therefore the roof live load will be 
used in equation (1.1). 
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Using the load values above in equations (1.1) and (1.2), calculated roof and floor ultimate 
compressive load of 211.5 psf. and 193.1 psf. are achieved. Multiply the roof load of 211.5 psf. 

by the column tributary area, 641.78 ft2, and dividing that number by 1000 will provide 
calculated lbs. of force in kips. This value is approximately 136 kips. This must be done to the 

floor load of 193.1 psf. as well, but will be multiplied by 4 because that is the quantity of floors 
above the column. This provides a value of approximately 496 kips. The summation of 
compressive loads totals to a total ultimate compressive load of 632 kips. This value is 

equivalent to the ultimate shear strength load (Vu).  
 

The next step is to calculate the shear strength of the slab. This is calculated using equation (1.6), 
which is provided by the American Concrete Institution (ACI) in the ACI 318-056 manual. 
 

         √                           (1.6) 

 
This equation is used to analyze slabs without shear reinforcement and is in contact with square 

column members. The variable f  represents the strength reduction factor for Plain concrete, 

which is 0.55. This is necessary because we must account for imperfections in the concrete. 
Nominal punching shear wouldn’t need the reduction factor. The variable d is flexural depth, 

which is the depth of the bottom reinforcement. Using the Nitterhouse specifications for the 8” 
deep precast slab with 2” topping, it is determined that the reinforcement strand height is 1.75”.  

The depth of the strands is 10” minus the 1.75”, which is 8.25”. It is important to note that the 
depth d cannot be less than 0.8 the actual depth D. In this case 8.25” is greater than 8” therefore 
this is adequate. The variable b0 is the perimeter of the critical section of the column. This is 

calculated by dividing the flexural depth d by half. This produces a value of 4.125”. The critical 
perimeter exists at the calculated value of 4.125” from each of the columns faces. Because the 

column being analyzed is 28”x 28” the critical area has dimensions of 36’-3”x 36’-3”. This 
produces a critical perimeter b0 of 145”. Lastly, f’c is the ultimate compressive strength of the 
concrete used. The hollow core planks are made from 6000 psi concrete. 

 
The given values above are used to calculate shear strength of 1416 psf. The calculated punching 

shear load was 984 psf. The shear strength of the slab is greater than the applied load from the 
column (Vc ≥ Vu), therefor the precast design can be implemented in the building for any given 
typical building floor (floors 2-5). Because of time constraints a total analysis on all given floor 

types and for alternate columns couldn’t be conducted. 
 
Comparison to Original Design (No Drop Panels) 

The original cast in place concrete systems was created using 10” deep slabs with 8” concrete 
panels at the main structural columns. These components serve to significantly reduce punching 

shear. If a punching shear analysis was performed of the original design at the column analyzed 
above, but without the drop panel, the shear load would be greater than the shear strength. Thus, 
the columns would cause the concrete slab to rupture in the critical area. 

 
Normal concrete, which was used on the given project, has a weight of 150 pcf. The slabs are 

10” deep, which makes the weight of the concrete 180 psf. This is the dead load for the floor 
systems and structural portion of the roof. The roof’s assembly system will remain the same. 
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Therefor the roof dead load is 190 psf. Due to HDR’s design data an additional 8 psf. and 40 psf. 
are to be applied to the self-weights of the floor and roof systems. The total dead load for both 

the floor and roof are 188 psf. and 230 psf. 
 

The live loads for the floor and roof will remain the same as there will be no change in 
occupancy. The snow load will remain the same because the building is within the same location. 
Using equations (1.1) and (1.2) the ultimate compressive load applied onto a slab at a given 

structural is 1513 psf. This value is also the shear load. 
 

The cast in place slab design requires tensile reinforcing to be placed 1” above the bottom of the 
slab or at 9” deep. This will create a critical area with the dimensions 37”x 37”. The critical 
perimeter would be 148”. The concrete used for these slabs has a compressive strength of 4000 

psi. Using the given values in equation 1.6 will produce a total shear strength of 1287 psf., which 
is less than the applied shear load (Vu ≥Vc). This is not adequate for structural design, as the 

column would punch through the concrete floor slab. The drop panels designed at each column 
provide an increase in shear capacity that makes the structural design acceptable. 
 

There are reasons why the precast system is strong enough to withstand the shear load, unlike the 
cast in place system. The concrete used to design the precast units is stronger than the cast in 

place concrete used for the system. Nitterhouse uses concrete that is 6000 psi, while 4000 psi 
concrete was used on site. These affect the shear strength of each system. Another reason is that 
the planks are lighter than cast in place concrete. The total precast weight of a hollow core plank 

is 61.25 psf., which includes grouting. The additional 25 psf. topping creates a total member 
weight of 86.25 psf. The concrete floor slab designed for the project was approximately 180 psf. 

This creates a significant difference in dead load values associated with each system.   
 
Structural Evaluation 

As previously stated, the original cast is place concrete system was designed with 8” drop panels 
at each of the main structural columns. After discussions with precast vendors, Nitterhouse 

Concrete, implementation of a precast structural system would eliminate these components from 
the design. A punching shear analysis on the interior column C7 showed that with the new 
hollow core plank slabs the new slab’s shear strength was greater than the applied shear load at 

the slab and column connection. This allows for the implementation of the precast systems 
without additional structure necessities. 

 
If the shear strength was less than the shear load at the column there would be a need to increase 
the shear capacity. This can be done in several ways. The first method would be increasing depth 

of the slab. This will increase the shear strength of the slab, but if all slab depths were increase 
this would create a greater applied load. The dead load associated of each floor would increase as 

more concrete would be to create the slabs. 
This would an added cost to the project as the amount of concrete purchased for the floor slabs 
would increase. 
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A two-way beam support system can be implemented 
into the design. Figure 23 provides an image of a 

two-way beam support system.  Structural beams 
would be grouted to the top of columns level to 

columns and the hollow core planks be connect to the 
top face of each beam. This allows the applied shear 
load to be transferred across the beam and not 

directly at the critical area of the slab at the column. 
Unfortunately this would create significant costs to 

incorporate. This system would be implemented at 
the basement level through the 5th floor, as these 
slabs extend throughout the entire building. There 

would be an additional 164 beams needed per floor 

and 984 for the building system. The total length of 

the summations of these beams would be 
approximately 3563 ft. Using the provided pricing of $155/ linear foot, this would cost the 
project an additional $152,520. 

 
Not only is there a cost associated with producing and erecting the additional precast structural 

beams there is a need to rearrange the mechanical plenum space. These beams would need 
sufficient plenum space, which would ultimately change the entire design of the MEP lines. 
Because of the nature of this building the MEP system is very complex and the plenum space is 

extremely valuable. To increase the needed plenum space floor to floor heights would need to 
increase, which in turns would add costs the building envelope. As the building envelope’s 

surface area increases, the need for additional materials and construction increase and therefore 
the cost. 
 

Also, the schedule duration would be increase as there would be more members to be erected 
into place. The time it takes to build the façade systems would grow as there will be a larger 

surface area for the building to cover. This method of increasing shear would be the most 
infeasible. 
 

The last two methods would be to increase the dimensions of the column or add shear rails and 
studs within the given slab. It is extremely uncommon to see precast planks produced with shear 

reinforcement such as rails and studs, so the most viable solution would be increased column 
dimensional size. This wouldn’t add additional dead load to the structure as deepening the slabs 
would, but there would still be an increase in the amount of concrete need to create these 

members. This increased amount of concrete would create additional costs to the total project 
budget. 

 
Hollow Core Slab Design 

Originally the precast hollow core slabs were designed as 8” hollow core planks with 2” topping. 

It was mentioned by industry professionals at Nitterhouse Concrete products that the typical 
dimensions of these planks were 4’x 32’. Planks typically don’t exceed 4’ in width, but can span 

from 16’-60’ in length. To allow for 32’ spans mentioned by this individual there must 6-7 strand 

Figure 23: Two-way Beam Support System 
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members at ½” diameter placed 1.75 in. above the bottom of the plank. These strand members 

have a maximum tensile stress of the concrete   √        psi., where     of precast concrete 

compressive strength is equal to 6000 psi. Using 6 reinforcement strands within the design will 
produce an allowable superimposed service load of 67 psf. Using 7 strands provides a greater 
allowable superimposed service load of 90 psf. Unfortunately, these two allowable superimposed 

loads don’t meet the designed loads of the original structure. 
 

The superimposed load is the load imposed on a structure other than dead load. Because this 
structural analysis is being performed on the structure of the third floor this would be the live 
load associated with a typical building floor. HDR provided design data and calculations and was 

able to come up with a typical floor live load of approximately 25 psf. Figure 24 shows this 
calculated load in their Basis of Design – 100% CD Submission for Bidding. Using the 

American Society of Civil Engineers (ASCE) “Table 4-1 Minimum Uniformly Distributed Live 
Loads, L0, and Minimum Concentrated Live Load” provided in the 2010 Edition of ASCE 7 the 
live load for this typical building would be either 50-80 psf. In the “Occupancy or Use” column 

assumptions were made regarding the use of the Maryland Public Health Laboratories as there 
wasn’t an exact match with the given types. These were the assumptions that could possible fit 

this facility: 
 

1. Office use – 50 psf. 

2. Hospitals: Operating rooms, laboratories – 60 psf. 
3. Hospitals: Corridors above first floor – 80 psf. 

 
As HDR’s calculated live load is the greatest live load, this will be the load used for the 
allowable superimposed load for the hollow core plank design. 

 
To meet the required allowable superimposed load the hollow core planks used for the Maryland 

Public Health Laboratories must be either 29’ spans using 7 reinforcement strands or 27’ spans 
using 6 reinforcement spans. A span of 29’ using 7 reinforcement bars at ½” diameter has an 
allowable load of 128 psf. A span of 27’ using 6 reinforcement bars at ½” diameter has an 

allowable load of 129 psf. Each is greater than the calculated superimposed load of 125 psf. for a 
typical building floor. Because 29’ is greater than 27’ and has an equivalent allowable 

superimposed load this will be the length of the hollow core planks used for the slab construction 
on the project. Note that if we were to design the slab for the penthouse mechanical spaces we 
would need to adjust the span length of a hollow core plank to 27’ using 7 reinforcement strands, 

as the  
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Figure 24: Design Data for MPHL Typical Floor (provided by HDR Inc.) 
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mechanical space has a live load of 150 psf. Because we are only evaluating a typical building 
floor (Floor 3) we will neglect the mechanical spaces. Figure 25 is the allowable safe 

superimposed service load table for an 8” hollow core plank with 2” topping (2hr. fire rating) 
 

 
Figure 25: Allowable Superimposed Load Table (image provided by Nitterhouse Concrete Products) 

 

Using the 29’ span hollow core planks to create the floor slab system there would be an increase 
in member produced for the building. The original precast concrete design needed 1617 planks to 

fulfill the design. This number would have to increase to 1794 planks. 
 
The increase in the number planks would have no effect to the overall cost of the slab system. 

Because the vendor price for the system was given as $8.00 per square foot and the overall 
square footage of the buildings slab design had not changed the overall cost for using more slabs 

at shortened spans would remain the same. 
 
Increasing the number of planks used will however effect the duration of the scheduled task. 

Each lift of a plank is 10 minutes. If 1794 planks are to be lifted this would increase the amount 
of time needed to place each plank to 37.4 days or 7.5 weeks, based on a 5 day 8 hour schedule. 

This adds an additional 3.8 days to the originally calculated lift time using 32’ x 4’ planks.  With 
the additional planks there will still be a reduced schedule of approximately 18 days or 3.6 
weeks. 

 
Precast Superstructure Analysis Conclusion  

In conclusion to Analysis #1 it has been determined that implementing a precast structural 
system to this building would be beneficial to the Maryland Public Health Laboratories project. 
Without additional cost associated with the change in structures, this system is able to be erected 

quicker than the originally designed cast in place structure. The total schedule savings on the 
project is approximately 3.4 weeks, which is a significant duration of time. Also, a 6 day work 

week wouldn’t need to be implemented to construct the building’s superstructure in the 
originally scheduled timeframe. This would cut cost spending on overtime rates. 
 

After a structural analysis on both the hollow core plank system and columns it has been 
determined that there is no need to implement additional structure for the increase in punching 

shear due to the elimination of drop panels. Precast panels are able to withstand shear load 
applied by the column face without rupture or allowing the column to “punch” through the slab. 
Because the system met these structural requirements, the precast system could be implemented 

into the building’s structural design. It is important to note that for a true feasibility study, 
structural design for a precast structure would be performed for every member. 
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As this system doesn’t create additional costs, reduces schedule, and meets structural 
requirements it would be an adequate system design. The Maryland Public Health Laboratories 

should use this type of superstructure to mitigate lost time from unforeseen conditions 
experienced on site. 
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Technical Analysis #2: Virtual Mock-ups for Façade 

Systems 
 

 

Problem Identification 

Throughout the durations of the Maryland Public Health Laboratories project there have been a 

significant amount of change orders and schedule set-backs due lack of quality and error in 
construction. This is predominately due to the subcontractor confusion with the design 

documents. There are certain details that are vague or difficult to read within the drawings that 
have caused subcontractors to perform work incorrectly. 
 

Incorrect work predominantly occurred during the foundation construction of the building. There 
were several areas where waterproofing along foundation walls were absent or installed 

incorrectly. This created issues amongst general contractor, Turner, and management team, 
Jacobs, as they discussed the implications and consequences for not having waterproofing in 
originally designed for spaces. 

 
Along with waterproofing, small contracting groups who are unfamiliar to the magnitude and 

complexity of the building design have installed materials incorrectly. These companies, 
typically WBE and MBE, have been awarded the plumbing contracts and have installed P-traps 
and waste lines at incorrect depths within the foundation. This has caused for change orders and 

cutting these pieces from the concrete. Re-installation has occurred creating additional time and 
money to the project. 

 
As the one of the most complex phases of the project is the building envelope construction, it 
would be beneficial if there were visual aid in the design. This phase is complex due to the use of 

four different façade systems used within the design. These include curtain wall, storefront glass, 
metal paneling, and a brick veneer. Virtual Mock-ups of connections of these specific façade 

systems to the structural design and to one another will help clarity of the design. Confusion in 
the design documents will be reduced as subcontractors can view these connections with a third 
dimensional perception. 

 
Research Plan & Objectives 

In order to properly research this topic and establish an all-around feasibility analysis there are 
many aspects to consider. A general understanding of virtual mock-ups must be researched and 
how they are beneficial to projects will be established. Costs associated with the creation of 

virtual mock ups will be compared to the produced benefits. Also, the research regarding the 
increase in quality, safety, and other indirect aspects will demonstrate the  

 
This information will be provided mostly by industry professionals. Industry professionals will 
be able to provide their experiences with virtual models and what benefits they’ve noticed on 

their respective projects. They can also give their opinion whether virtual mock-ups would be 
beneficial on the Maryland Public Laboratories project, given the circumstances and design 

details.  
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The benefits and savings associated with virtual mock-ups tend to be qualitative so case studies 

will help provide a general idea for what to expect using this type of technology on the project. 
These case studies will provide virtual mock-ups that were implemented on projects of similar 

sizes and for systems of equal degree of complexity. These case studies are provided through 
company websites such as Mortenson Construction, and will provide reasoning why companies 
chose to use this models and direct benefits experienced during the project. 

 
Application Methodology 

To effectively research the analysis topic of the implementation of a precast concrete structural 
system, the following steps must be taken: 

1. Research case studies that have implement similar technology to understand associated 

costs and benefits. 
2. Conduct three interviews with industry professionals who have been a part of project that 

have used virtual mock-ups are have witnessed virtual mock-ups amongst their respective 
companies. 

3. Establish pros and cons list to preliminarily investigate feasibility of the use of virtual 

mock-ups.  
4. Calculate a typical overhead charge for the additional time spent to create virtual mock-

ups for the curtain wall system of the building envelope 
5. Compare established overhead to researched cost savings associated with other projects. 

Use current change order costs added to the Maryland Public Laboratories project to 

create an overall cost analysis. 
6. Create a general schedule impact analysis by using research date from industry 

professional’s experience and cases studies that have used virtual mock-ups. 
7. Schedule impact analysis will indicate the dates when the beginning of the construction 

of precast concrete member will occur and when installation will occur in the overall 

schedule. 
8. Lastly, an overall feasibility analysis will be conducted, considering all aspects that are 

involved with virtual mock-ups of the building envelope used on this project. 
 

Technology Overview 

Virtual mock-ups are visual aids that are 
becoming more prevalent in the 

construction industry. These three 
dimensional images of building systems 
depict details that are difficult to 

conceptualize in a two dimensional state. 
Most commonly virtual mock ups are used 

on building envelope systems, complex 
room designs, connection details, and other 
intricately designed systems. 

 
Because these 3-D images provide 

significant detail, they help contractors to 
understand how certain systems are built effectively. This assures quality and potentially reduces 

Figure 26: Virtual Mock-Up Example SketchUp (image 

provided by Mortenson Construction) 
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error in construction. These images are typically produced using software such as Revit or 
Google Sketchup and will be implemented into a Building Information Modeling plan. Virtual 

mock-ups can be manipulated to account for any changes in design, which makes them flexible 
and easily implemented.  

 
Industry Professional Opinions 

In conclusion to many interviews with design & construction visualization coordinators at Jacobs 

and BIM managers at Mortenson Construction, regarding the topic of virtual mock ups, all 
members were in favor of the technology. All have been a part of projects that have implemented 

such technology and expressed their satisfaction with produced outcome. The clarification of the 
drawings was one of the biggest assets mentioned during the interviews as they allowed for 
improved quality of construction and reduction in change orders. Also, each participant indicated 

that the main reason for virtual mock-ups was to assure quality products. Because of such a 
strongly favored industry opinion on the topic, virtual mock-ups were further investigated. 

 
Implementation of Technology 

It is vital that the idea of virtual mock-ups is establish early in the request for proposal phase or 

suggested to the owner. This is so because most owners do not understand virtual mock-ups and 
the benefits they can produce on a project. It is a fairly new procedure in the industry and most 

owners are oblivious to its existence. Owners tend to ignore this technology when creating a 
request for proposal and the technology is absent from the design plans. 
 

In order to implement such an analysis topic, it is important that HDR, the design firm of the 
Maryland Public Health Laboratories project, suggest virtual mock-ups for the design. HDR has 

created a virtual model for the building as a visual aid for the owner. This same model can be 
used as the basis for virtual mock-ups. Many preliminary steps have been completed in the 
design of the 3D building model, which reduces the time and cost designing the mock-ups. 

Significant detail must be added to portray the information need to create a viable virtual mock-
up, but with a 3D model already established this will be much easier than scratch from scratch. 

 
Direct/Indirect Benefits 

Virtual mock-ups provide many benefits to a project in several areas such as cost, schedule, 

quality and safety. The 3-D representative of a building system allows contractors to understand 
the necessary detail to complete their work to the utmost quality and efficiency. For many 

projects the cost to implement such technology doesn’t compare to the invaluable benefits. 
 
The Maryland Public Health Laboratories will benefit from virtual mock-ups in numerous ways. 

With the reduction of subcontractor confusion with the drawings, the building envelope will be 
able to be constructed with less error. This will positively affect the overall quality of the product 

as construction will easily be able to follow the original designs. Façade system connections to 
the buildings superstructure and other façade systems will be efficiently performed as detailed 3-
D models will represent how to make these connections. Also, if there was conflict in the 

original design indicated within the 3-D mock-up, the ability to analyze alternative solutions to 
design and constructability issues can be quickly achieved. 
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The increase in construction quality will 
lead to reduction in cost. The reduction 

of cost occurs as there will be less 
change orders due to incorrect 

installation of the building envelope. 
Clashing and inadequate design can be 
recognized prior to construction of the 

building envelop system. Noticing these 
issues allow for quickened solutions and 

the elimination of potential change 
orders. Currently there is $2.5 million in 
approved and pending change orders on 

the project, $75,000 associated with the 
building’s envelope. The 

implementation of these virtual-mock 
ups would reduce this number to 
potentially $37,500.  

 
Along with quality and cost aspects of construction, virtual mock-ups would help save 

significant time on a project. The process of constructing the building envelope will become 
easier as the detail of the 3-D model would help articulate how to efficiently build each of the 
façade systems to contractors. The learning curve associated with the construction of these 

facades systems would reduce and subcontractors can more efficiently build without strongly 
focusing on installing material incorrectly. Industry professionals have seen a couple days to a 

couples days saved using these virtual mock-ups to articulate how systems must be built. Based 
off industry professional opinion and similar project comparison, a reduction of 1-2.5 weeks is 
the most likely amount of time attributed to the use of virtual mock-ups.   

 
The last benefit that would be experienced by the Maryland Public Health Laboratories project 

would be safety. Safety is the main goal of Jacobs management team and virtual mock-ups are a 
great way to ensure this safety. As subcontractors study these models they sufficiently 
understand what is necessary to effectively install the building envelope and those façade 

systems that comprise the envelope. This ultimately reduces potential hazards from performing 
unfamiliar tasks. There haven’t been prominent safety concerns on site, but additional effort to 

ensure safety is always beneficial to any construction project. 
 
Associated Overhead Costs 

With the implementation of any new technology or process there will be a cost associated. The 
production of virtual mock-ups occurs during the design phases of a building project. HDR has 

already established a model for MEP coordination and visualization purposed for the owner, 
therefore there isn’t a great amount of work that needs to be added to model to create these 
mock-ups. 

 
The main cost and virtually the only cost in creating these virtual mock-ups is connected to the 

time spent on the task. Speaking with industry professionals from both Mortenson Construction 
(uses 3-D Mock-ups on all projects) and Jacobs Engineering, it takes approximately 1-2 weeks 

Change Order 
Breakdown 

Brick Veneer CO

Dewatering CO

CO's in Process

Approved CO's

Table 12: Project Change Order Break Down 
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for one person to create all necessary mock-ups for a building project. Design teams will not hire 
additional manpower for this task, but designate someone on their taskforce to work on these 

mock-ups. A given approximate cost overhead cost associated was around $3,000- 4,000 (given 
by Mortenson). 

 
Within a case study presented by Mortenson the labor cost to construct a mock-up is 
approximately $82/hr., assuming that the designer would work an 8-10 hour work day this would 

produce a cost range of $3,280-9,840. Based on HDR’s design fee, $6,242,000, this is a very 
small sum of money. This would make HDR’s design fee $6,245,000- 6,251,840, which makes a 

relatively small impact on the total project budget. 
 
Associated Cost Savings 

Cost savings associated with virtual mock-ups tend to come in the form of task efficiency and 
decrease in the number of construction errors. The reduction in material installation errors 

ultimately reduces change orders added to the project. Both Mortenson Construction and Jacobs 
Engineering have attributed a cost savings percentage of around 0.1-0.6% when virtual mock-ups 
were created for building systems. Depending on the level of detail of the mock-up and the 

difficulty of construction of the building system, this percentage ranges. After further discussion 
with industry professionals, it was established that such a complex façade system would greatly 

benefit from the use of virtual mock-ups. Even though the complexity in the design and the 
magnitude of the system are significant, this system only comprises 17% of the total project. 
Because the building’s envelope is that small compared to a Mortenson case study project where 

47 mock-ups were to detail 75% of interior construction, only a saving percentage of 0.3% is 
used. The building in the case study that achieved a 0.7% cost savings to the total was the 

Greenfield Hospital constructed in Wisconsin. 
 
Using virtual mock-ups to detail the façade connections to each other and the skeleton of the 

building could produce 0.3% savings in the system. This completely ignores the change orders 
associated with the system. The envelope of the building is estimated to cost $19,069,953 or 

$81.50/s.f., approximately 17% of total building cost. With these virtual mock-ups implemented 
on the project, $57,210 can be saved through efficient work and schedule savings. 
 

Along with money saved through work performed efficiently, costs associated through change 
orders are reduced from the project. Mortenson explained how they have noticed approximately 

a reduction in half of their change order costs when implementing virtual mock-ups. If this were 
the case, The Maryland Public Health Laboratories would save $375,000 based off the current 
brick veneer change order. Because construction of the building’s envelope remains in the 

process to date, overall costs data can’t be obtained. These change order cost savings for the 
project are based off current progress of the project. 

 
In addition to increased productivity, efficient work, and reduction in project change orders, in 
certain circumstances physical models can be eliminated from the project. For this project the 

owner has require physical mock-ups for commissioning purpose, but occasionally virtual mock-
ups can be used as substitutions. Mock-ups required on the Maryland Public Health Laboratories 

project include, sample glass, metal panel, roofing and gutter mock-ups used for architecture 
review. A full-sized curtain wall physical mock-up is provided off-site for wind load, water 
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spray, moisture intrusion/seepage, and deflection testing. If those weren’t required by the owner 
for commissioning purposes and were to be substituted by virtual mock-ups, the project could 

save $222,909. This value is indicated in Jacob’s budget report show in Figure? The potential 
savings is significant with the implementation of virtual mock-up on the project. 

 
Schedule Impact 

To create virtual mock-ups for the Maryland Public Laboratories project there will need to be 
additional time provided in the design phases. The additional time need would be approximately 

1-2 weeks to create all necessary building envelope mock-ups for the building’s façade system. 
This 1-2 week is an average amount of time spent, provided by both industry professionals at 

Jacobs Engineering and Mortenson Construction.  
 
Even though this is additional work and time it will not ultimately affect the overall project 

schedule as these mock-up aren’t essential to the progress of the building. These mock-ups can 
be created any time prior to the construction of the building façade. Preferably these mock-ups 

should be created well in advanced to this building phase, as it will allow contractors and 
managers to sufficiently study the detail and understand the what procedures must be taken to 
complete the work efficiently. 

 
HDR began the Maryland Public Laboratories design in early 2010, completing the design for 

submission in late 2011, roughly 2 years. The documents were issued for construction on 
December 8, 2011. It would be logical that around December 8, 2011, an HDR designer on the 
project would produce the necessary façade mock-ups for the project. With the given amount to 

Figure 27: Budget for Physical Mock-Ups (image provided by Jacobs Engineering) 
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create these models, this designer should be completed with his or her work on approximately 
December 23, 2011. 

 
This is the only time expenditure involved with creating virtual mock-ups. Even though this is 

time expenditure, it doesn’t affect the overall schedule of the project, as these models can be 
created during the project. These mock-ups can be refigured or changed during the process of 
construction, but the time spent doing so is negligible to the amount of time consumed from the 

project schedule. These mock-ups take up minimal amount of time compared to the time savings 
that certain projects have experienced. 

 
Projects such as the Greenfield Hospital in Wisconsin have seen significant project schedule 
reductions due to the use of virtual mock-ups. Project teams have spent +/- 1,056 hours on mock-

ups, which is approximately 12.5 weeks and project superintendents have estimated that there 
was 2.5 weeks of work or 17.5 days saved in time from these models. These mock-ups included 

laboratory interiors, which differ from building facades systems, but the complexity of each, are 
similar. Using the projected amount of time (1-2 weeks; average 1.5 weeks) to implement virtual 
mock-ups on Maryland Public Laboratories project with the time savings rate of the Greenfield 

Hospital project a total time savings can be obtained for the project. 
 

 
 
 
 

The industry professional opinion, 1.5 weeks or 18 days (144hrs.) can produce a potential  
savings of 2-4 days from the building envelope phase. Unlike, the Greenfield Hospital project, 

the virtual mock-ups would be created to support systems that make up only 35% of the building 
schedule. The Greenfield Hospital project used interior virtual mock-ups that were used during 
approximately more than 50% of the buildings construction. Because there are very little studies 

done on time savings due to virtual mock-ups, qualitative data is provided by comparison. 
Construction of the building envelope begins on July 27, 2012 and goes through March 28, 2013, 

Figure 7: Virtual Mock-Up of Laboratory Interior in Greenfield Hospital Project (image provided by 

Mortenson Construction) 
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which is a total of 245 days or 49 weeks. Implementing virtual mock-ups on the project will 
reduce building envelop construction to approximate March 25 -27.  

 
This isn’t a significant reduction in time, but it is a reduction in schedule none the less. Because 

the design process for the virtual mock-ups occur prior to the building envelope phase and can be 
produced during construction they don’t affect the critical path. Therefor there isn’t any negative 
impact on the schedule. However, these mock-ups do produce little schedule savings so overall 

there is a positive schedule impact when implementing these virtual mock-ups to the project.  
 

Pros/Cons 

To fully understand the impact of implementing virtual mock-ups for the building façade 
systems a pros/cons table is provided below. 

 
Table 13: Virtual Mock-up Pros/Cons List 

PROS CONS 

Increase in quality of building envelope Additional time spent in design phase 
creating models 

Installation is quicker and more efficient Additional overhead cost for design team 
Safer installation due to contractor 
comfortability and knowledge 

 

Significant schedule savings due to 
efficient installation 

 

Cost savings associated with reduction of 

change orders 

 

 
Feasibility Analysis 

In conclusions to all data acquired, professional opinions, research conducted, and evaluations 
performed the implementation of virtual mock-ups on the Maryland Public Laboratories project 

would be greatly beneficial. The use of virtual mock-ups would effectively portray the 
construction and connection details of a complex building system, such as the building façade, 
allowing contractors and managers to easily visualize the process. The ability to easily visualize 

how to perform a task and what is required to effectively produce the product will ensure quality 
and reduce errors during construction.  

 
The increased efficiency performing a task directly relates to the speed at which the task is 
completed. With virtual mock-ups implemented on the project the learning curve to perform a 

task is reduced. Contractors understand what needs to be done to complete a building system. In 
examples, such as the Greenfield Hospital Project, approximately 1056 hours were put into 

creating virtual mock-ups and roughly 2.5 weeks were saved from the total project schedule. 
Industry professionals have indicated that if virtual mock-ups were to be created for the building 
façade systems of similar rate of savings would be associated due to the complexity of the 

project.  If this were to be applied to the Maryland Public Laboratories project, approximately 2-
4 days can be potentially saved from the building envelope schedule. This was based off industry 

professional opinions and comparison between other projects that implemented virtual mock-
ups. 
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Another important aspect that virtual mock-ups enhance is safety. When models can be properly 
analyzed and construction precautions can be established beforehand, many potential hazards can 

be eliminated prior to performing a task. Contractors can understand the requirements and 
materials need to construct a product and how to go about it safely. 

 
In addition to quality, work efficiency, reduced schedule, and safety, virtual mock-ups have 
proven to be a cost saver. They are able to help reduce project costs in two ways. Increased work 

performance and reduction of change orders attributed to a given project. Virtual mock-ups 
would potentially be able to save 0.3% in building envelope construction and reduce change 

orders to about 50%. This can potentially accumulate to $94,710 in project savings to date. The 
expenditures associated with creating these mock-ups would be the increased overhead cost of 
$3,000-$9,840, which is relatively small compared to the potential savings. 

 
Virtual Mock-Up Analysis Conclusion 

In conclusion to all the research and analysis perform on the analysis of virtual mock-ups it has 
been determined that virtual mock-ups would be an asset to the Maryland Public Health 
Laboratories. Industry professionals who are directly involved with Building Information 

Modeling (BIM) and virtual mock-ups have express only high opinions regarding the topic. 
They’ve shared that only good can come from these visual tools, but it is imperative that it’s 

brought to all parties’ attention early in the building’s preconstruction phase. 
 
From a feasibility standpoint the time and costs to create virtual mock-ups for the given project 

do not compare to the potential cost savings produced by such models. The Maryland Public 
Health Laboratories can potentially experience a cost savings of roughly $95,000 if virtual mock-

ups detailing the façade system were created. The most noticeable benefit from these models is 
the project quality. There has been several quality issue experienced on site that have led to 
change orders. These change orders can be significantly reduced as subcontractors can accurately 

understand their scope of work, prepare, and execute their task efficiently and effectively. The 
Maryland Public Health Laboratories would overall benefit from virtual mock-ups; therefor this 

technological tool should be implemented on the current project and other with great magnitudes 
of complexity and size. 
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Technical Analysis #3: Implementation of Dewatering 

System  
 

Problem Identification 

One of the most significant issues that have been experienced on the Maryland Public Health 

Laboratories project to date was the high water table. During the excavation of the building’s 
footprint project teams noticed that there was unexpected flooding within the excavated area. As 
excavation continued to proceed, flooding continued to pose as a problem as the amount of water 

entering the excavated area increased. 

 

In the general region the water table in East Baltimore is at 36.5’ above sea level or 30.5’ deep 
from grade level. This number was established from research done by Jacobs Engineering. 
Because the building’s design only reaches depths of 20’ below grade the water table didn’t pose 

as a problem for excavation. 
 

Also, geotechnical reports were conducted for the given site based off fifteen soil test borings. 
These tests were conducted in random locations within the buildings footprint. After the testing 
was conducting, the report stated that the ground water table existed approximate ly at 44’-47’ 

above sea level. This indicates that the ground water table is approximately 20’-27’ below grade. 
The tested water table depth provided by in the geotechnical report assures that no portion of the 

building’s design will constructed beneath the water table. This continued to provide confidence 
in project teams that there was no need for dewatering equipment for the project. 
The actual level of the water table experienced on 

the project site was 45’ above sea level or 18’ below 
grade. This unforeseen high water table created 
significant problem for the site. The significant 

amount of water entering the excavation site was 
removed by means of dewatering pumps and lines. 

This equipment however was procured after the 
problem had occurred, causing the project to lose 
time and money.  

 
There was a wellpoint plan implemented on the 

projects prior to excavation, as these wellpoints were 
to be installed around the excavation stite along the 
sheeting. Unfortunately, the system was suitable for removing the amount of water that existed 

within the excavation perimeter.  
 

To mitigate the problem and continue with excavation, Jacobs had to obtain an approved change 
order of $585,000. These were individual change orders for deep wells, a french drain system, 
test pile program, a sump manifold, a lower wick manifold, wick drains, wick testing, additional 

dewatering costs and damages do to groundwater settlement were added to the total project 
budget. It also accounted for the cost to rent the dewatering equipment, deliver and install the 

equipment, and the additional manpower and shifts added to the project to make up for the lost 

Figure 28: Flooding in Excavated Site (image 

provide by Jacobs Engineering) 
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time. The flooding that occurred delayed the project approximately 2 months, as many of the 
tasks were delayed. The construction of the foundation and spread footings had to be pushed 

back until a sufficient amount of water was removed from designated areas. 
To absolve the severity of the problem that occurred on the Maryland Public Laboratories 

project, a dewatering system could have been implemented prior to the excavation phase. 
Dewatering systems eject the water within the ground of the building footprint and assure that no 
such problem mentioned above will occur during excavation. The use of a dewatering system on 

the project would relieve the excess water that would have affected the excavation. 
 

Research Plan & Objectives 

To effectively implement a dewatering system on the Maryland Public Health Laboratories 
project preliminary research must be conducted. The essential document needed to begin the 

analysis is the geotechnical report. The project’s geotechnical report, created by Schnabel 
Engineering, provides crucial information regarding soil types, ground water table depths, 

pressure test readings and allowable soil bearing capacities. A specific dewatering system, 
appropriate for the site conditions, can be chosen using the provided data.  This is based mostly 
off soil conditions and excavation dimensions. 

 
Once a desired system has been designated, the size of the system must be determined. Sizing of 

the system will allow for many plans and sub-analyses to begin. Sizing of the system will 
provide information regarding the type of equipment and materials needed to dewater the water 
beneath the building footprint. To effectively size a dewatering system, resources such as, 

Construction Dewatering and Groundwater Control: New Methods and Applications, Third 
Editions, will be used. Discharge flow and influence length equations will allow for an accurate 

design and mapping of the select system. 
 
Once the system has been selected and sized pricing of the equipment, installation, materials, and 

labor will be obtained from industry professionals from both Griffin Dewatering and Mersino 
Dewatering. These prices will be used to establish a total dewatering system’s cost for the 

proposed system, which in turn will be used in a cost analysis. The cost analysis will compare 
the costs associated with the designed system to the original system and the associated change 
orders. 

 
A schedule impact analysis will also be conducted after the task duration to install, operate, and 

remove the designed dewatering system has been implemented into the project schedule. This 
will provide an understanding whether this system will impact the critical path of the project. 
 

Lastly, a feasibility analysis will determine whether the designed system is beneficial to the 
Maryland Public Health Laboratories project. The goal is to eliminate all change orders and 

indirect costs created from the flooding issue experienced on the project by implementing a 
system that will effectively dewater the excavation site.  
 

Application Methodology 

To effectively research the analysis topic of dewatering systems, the following steps must be 

taken: 
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1. Conduct interviews with Griffin Dewatering Company about the process of choosing, 
sizing, place, and estimating a dewatering system. 

2. Chose a specific dewatering system that will be best suited for the site’s conditions. 
3. Size the equipment and potential wells need to effectively dewater the site. 

4. Create a mapping of the dewatering system on the site plan. 
5. Establish a cost analysis of the dewatering system. The cost associated with 

implementing the system and the money saved by the system. 

6. Evaluate the impact of the schedule to determine if the system will effectively mitigate 
lost project time. 

7. Conduct a feasibility study to determine if implementing a dewatering system would be 
beneficial to the project. 

 

System Overview 

Dewatering systems are typically used in locations with a relatively high ground water table or 

when excavation of a structure will exceed the depth of the water table. These systems remove 
water from wet soils, ejecting water to the surface at grade level. The removal of the excess 
water allows for excavation to reach deeper without being negatively affected by the ground 

water. 
 

Ground water can create flooding in the excavated site, as experienced on the Maryland Public 
Health Laboratories project; damage installed building materials, and compromises the structural 
integrity of the soil the building resides upon. It is important to reduce the amount of water by 

the use of these systems, as it will greatly prevent the mentioned issues from occurring. 
 

Every dewatering system is specifically designed to meet condition for the intended site. 
Preliminary testing performed by geotechnical engineers provides critical data in the form of 
geotechnical reports that will define information regarding the soil type of the site and the water 

table. In addition to the ground water table and soil types different stratums or aquifers provide 
all necessary values and information to perform calculation to accurately select, size, and map a 

dewatering system appropriate to a project site. This will be conducted in a mechanical analysis 
provided within this section.  
 

Mechanical Breadth: Dewatering System Selection, Sizing and 

Placement 
 

System Selection 

The type of system used on a site is determined through several factors regarding the soil type 
present beneath the building’s footprint and the size and conditions of the site excavation. The 
Maryland Public Health Laboratories project is located in an already established area that is 

confined by existing structure and roadways. There is insufficient room to install large amounts 
of equipment around the perimeter of the building footprint. 

 
The buildings excavation two reach a maximum of 32’ for the installation of 2 spread footers, 
but predominately stays at a depth of 20’. This maximum depth of excavation allows for only the 

soils in Stratum A and Stratum B to affect the dewatering system chosen. The topsoil doesn’t 
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affect the dewatering system as it is removed during the demolition of the existing parking lot 
prior to bulk excavation. 

 
Stratum A is defined in the geotechnical report as existing fill and probable fill. This stratum 

reaches the depths between 5’-15’. The soils types that exist within this region are those 
consisting of sand, silt and clay containing asphalt, concrete, roots, organics, wood, brick 
fragments, geosynthetic fiber, metal, plastic, slag, glass, quartz fragments and gravel. This is all 

based on borings performed on-site. 
 

The stratum directly below A, Stratum B, is defined in the geotechnical report as Patuxent 
Formation (Fine-Grained). This stratum reaches a depth of 55’. Borings performed on-site 
encountered soils such as fine-grained, Cretaceous Age soils. These soils contained lean clay 

(CL) and sandy elastic silt (MH), with varying amounts of gravel and trace mica. 
 

The given information provided by the geotechnical report created by Schnabel Engineering and 
the excavation conditions allow the ability to select a system using Table 16.3 “Checklist for 
Selection of Predrainage Methods” in the Construction Dewatering and Groundwater Control: 

New Methods and Applications, Third Editions manual. This text is heavily referred to by 
dewatering subcontractors in the industry. 

The dewatering system that best fits the 
data provided by the geotechnical 
report and given site conditions is deep 

wells. Figure 29 provides an image of a 
deep well system on a construction site. 

Deep wells are an ideal system for 
confined site conditions, similar to the 
Maryland Public Health Laboratories 

project. These systems are able to be 
spaced further apart than others as they 

are able to eject water from a greater 
area. The excavation being performed 
on this project is to be at a maximum of 

32’ deep. Systems such as wellpoint 
systems and suction wells would need to 

be staged at multiple depths and can’t perform in cramped conditions, as create interferences. 
The soils aren’t ideal for a well point system, but the deep well system is more efficient than an 
ejector system (second option). Appendix Q provides the table used to select a dewatering 

system. 
 

Deep Well System Sizing 

To accurately design deep wells specific data is required. The permeability of the layer of soil 
being dewatered is very important. Stratum B is the desired layer of soil that is to be dewatered. 

As stated above, this layer is comprised of very fine-grained sands. The flow chart provided by 
Figure 1 “Flow Chart for Classifying Fine-Grained Soil (50% or More Passes No. 200 Sieve)” 

provided by ASTM D2487 - 11 indicates that soils with the classification CL and MH would be 
designated as silty sands. Table 3-4 “Approximate Coefficient of Permeability for Various 

Figure 29: Deep Well Dewatering System (image provided by Griffin 

Dewatering Co.) 
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Sands” provided in Dewatering and Ground Control TM 5-818-5 by the U.S. Army Corp. of 
Engineers, indicates soils with the classification of “Silty Sand” has a coefficient of 20-50 x 10-4 

cm/sec or 10-40 x 10-4 ft. /min. Figure 30 is an image of the soil classifications and their 
respective coefficient of permeability k. 

 
Figure 30: Coefficient of Permeability for Soil Types (provided by the U.S . Army Corps. of Engineers) 

 
The depth to reach the impermeable layer is necessary. An impermeable layer is the layer of soil 

that will not allow any moisture content to pass through the layer. It is typically formed by rock. 
This information is provided within the geotechnical report. Test borings performed by Schnabel 

Engineering Consultants indicated that a very compact disintegrate rock layer or the impervious 
at a depth of 70’. This is the depth of the impermeable layer that will be used to design the size 
of the deep well dewatering system. Figure 31 is an image of a typical well and the measurement 

necessary to perform system design calculations. It is important to note all calculations are based 
on a static ground water table level. 

 

 
Figure 31: Deep Well Design Measurements (image provided by nptel.iitm.ac.in) 
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The height of the ground water table was indicated in the geotechnical report 18’. Sichardt’s 
influence range equation (3.1) is used to obtain the radius of the area soil that a single deep well 

is able to draw water from. 
 

     (    )√                         (3.1) 

 

The variable R0 is the radius length of the influence area. Researchers, Mansur and Kaufmann, 
establish C’, which is a constant that is 3,000 for deep wells and 15,000-2,000 for single wells. 

Because the desired system is a deep well system, the value for this constant will be 3,000. 
Variable H is the total water head, which is 52’ (15.85 m.). hw is lowered water level in the 
equivalent well, which is approximately 30’ (9.144 m.). This value is the distance between the 

desired ground water table level and the impermeable level. Because the lowest depth of 
excavation is approximately 32’ a desired ground water table depth of 40’ (30’ from 

impermeable layer) was chosen. It’s typical that the water table level is reduced 5-10’ below the 
deepest level of the excavation. Lastly, k is the coefficient of permeability. For this soil it was 
determined to be between 20-50 x 10-4 cm/sec (20-50 x 10-6 m/s). The median value of the range 

is 35 x 10-4 cm/sec, so this will be used for variable k. The equation is in terms of meter and 
seconds. The calculated radial length of the influence area is 118.99 m. or 390.40 ft. 

 
The second calculation that needs to be performed is an equivalent radius that the well system 
services. This can be calculated using equation (3.2) or (3.3). The maximum value between the 

two is used for the 

   √
  

 
                                  (3.2) 

 

   
   

 
                                              (3.3) 

 
 

 
The variables X and Y are the site excavation dimensions. The excavation is approximately 308’ 
x 96’ or 93.88 m. x 29.26 m. These dimensions were determined by measuring the building’s 

footprint plotted on the site within HDR’s Plot Plan drawing C1.101. A dewatering site plan is 
provided in Appendix R shows the excavated area on the plot plan and the dimensions of this 

are. The calculated re is 39.20 m. or 128.61 ft.  
 

This radial length can be used to calculate the total discharge rate for the entire deep well system. 

Calculations are done using the Dupuit-Forchheimer equation (3.4) for total discharge of deep 
well systems for a rectangular site. 
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The variable Q is the total discharge rate for a deep well system. The given data produces a total 
discharge rate for the deep well system is 0.01659 m3/s. Figure 32 shows the provides a 

schematic diagram with the necessary formula for the aquifer (layer) type, well penetration, and 
formula associated. The image is taken from Table 7.1 “ Simple Formulae for Estimation of 

Steady-state Flow Rate” in Groundwater Lowering in Construction: A Practical Guide to 
Dewatering by Pat Michael Cashman and M. Preene. 
 

 
Figure 32: Schematic Diagram Full Penetration Well (image from Groundwater Lowering in Construction: A Practical 

Guide to Dewatering) 

 

To potentially save time and costs to install the system wells have been designed to only reach a 
depth of 50’. This partial penetration within the aquifer factors the total flow rate produced by 

equation (3.4). The equation (3.5) is used to calculate the factored flow rate. 
 

                                 (3.5) 

 

Qpp is the flow rate of a partially penetrated well. Qfp is the flow rate of a fully penetrated well, 
which was calculated using equation (3.4). The variable β is the partial penetration factor for 

radial flow. This factor can be determined using the graph provided below. 
 

 
Figure 33: Partial Penetration Factor Graph (image from Groundwater Lowering in Construction: A Practical Guide to 

Dewatering) 
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The value P is the distance from the ground water table to the maximum depth of the penetration. 
Figure 34 provides a schematic design of a partially penetrated well. This value is 32’ or 10.91 

m. if 50’ wells are to be implemented. The equation used for the x-axis produces a value of 0.6. 
To determine the graph line associated with the partial the penetration the value of re is divided 

by the total water head H. This produces a ratio of 2.47, which isn’t indicated on the graph. 
Because the water head is relatively shallow and the excavation area is large, the partial 
penetration factor is 1.0. If water head were to be extremely deep and the site were to be smaller 

there would be a factor for drilling a well only partially through an aquifer. Because the value is 
1.0 the flow rate of the deep well system will remain the same. 

 
 

 
Figure 34: Schematic Diagram of Partially Pentrating Well (image from Groundwater Lowering in Construction: A 

Practical Guide to Dewatering) 

 
In order to calculate the number of well need to sufficient dewater the site, the diameter of the 

drill used to create the wells must be measured. To determine the radius of the deep well it is 
important to know what type of drilling will be performed to create the wells. After discussions 
with industry professionals at Griffin Dewatering, it was mentioned that the typical drilling 

process used for soils that are sand would be a rotary drill. Permits for drilling the state of 
Maryland are very difficult to obtain, but the subcontractors that Griffin Dewatering uses to drill 

the wells for their dewatering systems are all permitted to drill in the state of Maryland. The 
process of obtaining the permits for drilling in Maryland is negligible in this analysis. 
 

A medium sized rotary rig is best suited 
for sands and clays, which are present 
within the stratum layers of the excavated 

site. These drills are able to cut into the 
earth by circulating fluid as it is pumped 

down the drill pipe. The drill pipe begins 
to rotate due to the circulation of fluid. 
The drilling bit at the end of the drill pipe 

is able to cut into the ground surface 
because of this rotation. The upward 

pressure created by the loose soil and 
return circulation of the drill pipe allows 
excess soil rise to grade. The soil drilled 

from the well is then stored in a mud tube. 
This process is depicted in Figure 35. 

 
The typical size drill used to create wells 
using a medium sized rotary rig is 12 in. 

Figure 35: Conventional Rotary Drilling Process (image 
from Construction Dewatering and Ground Controls: New 

Methods and Applications, Third Editions) 
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or 0.3048 m. in diameter. This will be the diameter attributed to the wells drilled on the 
Maryland Public Health Laboratories project. 

 
The maximum yield of discharge from a single well is calculated using the equation (3.6). 

 

            
√ 

  
         (3.6) 

 
The variable r0 in this equations is the radius of the well beign drilled. The variable h0 is the 

depth of the drawdown. The drawdown is the difference between the desired ground water table 
depth and the excavatin depth. This is typically the difference between the total water head and 

the head that is to be achieved (H-hw). h0 is 22 ft. or 6.71 m. The maximum yield of discharge 
from a single well is calculated to be 0.002532 m3/s 
 

To obtain the number of deep wells to successfully dewater the site the total yield discharge of 
the deep well system (0.01659 m3/s) must be divided by that of a single deep well (0.002532 

m3/s). This produces a value of 6.5 wells, which is rounded up to the nearest well. Thus, a total 
of 7 wells spread radially would be enough to sufficient dewatering the Maryland public 
Laboratories. 

 
Spacing & Mapping of Deep Wells 

It was calculated that 7 wells spread radially could dewater the project site, but this would place 

several wells within the excavation perimeter. If deep wells exist within the perimeter of the 
excavation site, excavation couldn’t occur during the dewatering process. It is logical to spread 

the deep wells along the perimeter of the excavated site. 
 
A logical method of locating deep wells is to equally space them along each face of the 

excavation site. As this site is rectangular and the long sides are roughly 70% greater in length 
than the short sides all wells can be placed along both of the longer sides. This will allow for 4 

wells to be placed on the north side of the perimeter and 3 on the south side. Because the 
previous calculations for total yield discharge flow Q were performed using equations used for 
deep wells aligned in a circle, a new equation must be used to calculate deep wells in specific 

locations from the center of the influence area. Forchheimer’s equation (3.7) is used when more 
than one deep well is used for a dewatering system and are placed in a non-circular layout.  

 

   
  (     

 )

     (
 

   
)  (          )

        (3.7) 

 

The variable N is the number of deep wells calculated for the system and xn is the distance from a 
given deep well to the center of the influence area (center of the excavation site. This equation is 

needed to compare flow discharge rates. 
 
The deep wells are designated by a number 1-7 and there given locations are as follows: 

 

 Well #1 – coordinates [46’, 50’] x1 = 118 ft.  (35.98 m.) 
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 Well #2 – coordinates [108’, 50’] x2 = 67 ft.    (20.31 m.)   

 Well #3 – coordinates [200’, 50’] x3 = 67 ft.    (20.31 m.) 

 Well #4 – coordinates [262’, 50’] x4 = 118 ft.  (35.98 m.) 

 Well #5 – coordinates [77’, 0’] x5 = 48 ft.    (14.63 m.)        

 Well #6 – coordinates [154’, 0’] x6 = 91 ft.    (27.66 m.) 

 Well #7 – coordinates [231’, 0’] x7 = 91 ft.    (27.66 m.) 
 

The x values were each obtained by determining the location (coordinates) of the deep well and 
then using the Pythagorean Theorem to obtain the distance from the center of the influence area. 
Deep wells were spaced relatively equal to one another. On the north end of the excavation 

perimeter the spacing between wells #3 and #4 is larger as well #6 on the south perimeter end is 
directly south of the influence area center. 

 
Using all the provided values, the maximum discharge flow rate can be obtained using equation 
(3.7). The indicated layout produces a discharge flow rate of approximately 0.01793 m3/s. This 

value is greater than the discharge flow rate calculated for a circular deep well layout, which 
indicates that this is an adequate layout for the Maryland Public Health Laboratories site. The 

difference between the two values relates to the margin of safety. This layout provides an 
adequate margin of safety. 
 

It is also important to coordinate the wells with respects to the existing conditions of the site. 
Because the Maryland Public Health Laboratories exists in a previous developed urban area there 

are existing utilities within the ground that must be accounted for before drilling. The only 
existing line that pass through the building foot print area are two electrical conduits that service 
the parking lot lighting the building is to constructed upon and two sewer lines. In preparation to 

the demolition of the site necessary to begin construction the two sewer lines have been shut 
down and the power to the street lamps have been depowered. Because these utility lines are to 

be removed from the site during excavation, the potential of damaging the lines isn’t of main 
concern. 
 

To effectively dewater the site the coordinates of the deep wells have been specifically chosen to 
not interfere with existing utility lines that would prevent the drill from accessing the desired 

depth of 50 ft. If the drill were to clash with these lines another drill in a different location would 
have to be created, which creates additional time associated with the task. Because the deep 
wells have been both placed to achieve efficient system discharge flow and not interfere with 

existing conditions the layout established will the appropriate dewatering used for the project.  
 

Pump Sizing 

In order to accurately size a pump the total discharge flow rate must be calculated for a given 
dewatering system. Also, the total head must be tested for and established. The calculated 

discharge flow rate for the deep well dewatering system used for the Maryland Public Health 
Laboratories site was 0.01793 m3/s. There is 1 m3/s for every 15, 850.3231 US gal. /min. This 

flow rate is equivalent to 284 gal. /min. The total head was determined to be 52’. A pump size 
can be selected using charts provided by the US Army Corp. of Engineers. Figure 36 provides 
the pump sizing charts. Using these charts it is determined that a 3” pump is the most suitable 

pump for each of the deep wells. Because of the inconsistency between the two charts as a 3” 
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pump doesn’t exceed 300 gpm in the top chart and does in the bottom chart, a 4” pump will also 
be used in the schedule and cost analysis topics. After speaking with industry professionals from 

Griffin Dewatering Co. most submersible pumps used in deep wells range from 5-8” in diameter. 
 

 
 

 
Figure 36: Pump Sizing Chart (provided by the US Army Corp. of Engineers) 
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Casing/Wellscreen Sizing 

The casing is the component that is placed within the 

well and protects the pumping equipment. Wellscreens 
are typically made from stainless steel and are perforated 

to allow water to seep through the casing. This water is 
then pumped up to the surface and discharged from the 
soil. Figure 37 provides an image of a stainless steel 

wire wellscreen. 
 

In order to accurately size the casing and wellscreen for 
a deep well, Table 18.1 in the Construction Dewatering 
and Ground Controls: New Methods and Applications, 

Third Edition must be used. The calculated capacity of 
flow required by the pump is 284 gal. /min. Table 18.1 

indicates that in order to size the wellscreen and casing 
the pump capacity must be rounded upwards to the 
nearest capacity. This would be 300 gal./min., which 

indicates that there must be a minimum well screen and 
casing diameter of 8 in. Figure 38 provides Table 18.1. 

for sizing wellscreen and casing for a deep well system. 
 
 

 
Figure 38: Minimum Wellscreen/Casing Sizing Chart (image from Construction Dewatering and Ground Controls: New 

Methods and Applications, Third Edition 

 

Scheduling and Sequencing 

The dewatering system’s schedule typically begins during the design phases of a building 

project. The planning and pricing is required prior to the bid submittal date. This is mostly 
common when the need for a dewatering system for a proposed site is apparent. On occasions, 
similar to the current Maryland Public Health Laboratories project, dewatering contractors are 

called by general contractors during the construction process. The typical duration of dewatering 
systems selection and planning depends on the complexity of the project and the degree of 

experience of the dewatering project manager. It has been mentioned that a lot of systems 
selections are based on industry professional’s opinion and experience. A typical dewatering 
system of the caliber designed for the project roughly takes on average 2-3 weeks, given that 

geotechnical information is provided prior to the planning stages. The bid design was submitted 

Figure 37: Continuous S lot Stainless Steel wire 

Wellscreen. Courtesy of Johnson Screens 

(image from Construction Dewatering and 

Ground Controls: New Methods and 

Applications, Third Edition) 
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by HDR for construction on December 8, 2011, therefore any time prior to that and the 
beginning of early 2010 when the building design began would be the time designated for 

dewatering systems design and planning. 
The installation durations are categorized by tasks as provided in Table 14. It is important to 

note that the installation of the discharge ground water storage tank will not affect the overall 
duration of the installation process, as it is to be installed during the placement of the discharge 
piping. The total duration to install seven deep wells is approximately 5.25 

 
Table 14: Deep Well Installation Duration Breakdown (info. provided by Mersino Dewatering) 

DEEP WELL INSTALLATION DURATION BY TASK (50’ Deep Wells) 
Task Description Quantity of Work Work Rate Total Duration of Task 

Drilling of Deep Well 7 wells    2 wells/day   3.5 days 

Pump equipment 

Installation and Backfill 

7 wells  15 min./well 105 min. (1 hr. 45 min.) 

Discharge Pipe Installation  612 ft.  400 ft./day 1.53 days 

 Total Dewatering Installation Duration: 5.25 days 

 
Once the dewatering system has been adequately installed, it will immediately begin operation, 
reducing the depth of the groundwater table. The dewatering system should be installed and 

ready to operate several days before excavation has reached the depth of the static water table. 
Industry professionals have mentioned that deep wells are typically installed once excavation 

begins. 
 
Excavation for the Maryland Public Health Laboratories project began on February 1, 2012. The 

task of driving H-piles begins on February 27, 2012, marking the beginning of building 
construction after the site has been demolished. This date will be the date that subcontractors will 
begin dewatering installation. This will allow drilling and installation of the equipment to be 

95% complete prior to the start of excavation, granted there is no installation errors made in the 
process. The dewatering system will be fully installed on the date excavation will occur. 

To effectively dewatering the given site and assure that the groundwater table won’t pose as an 
issue once the dewatering system is removed, the system will remain in place until all foundation  
construction below the original groundwater table is completed. This general rule of the removal 

of dewatering equipment was provided by a project manager at Mersino Dewatering.  
 

The last task that performed underneath the original static water table depth is the slab on grade 
pour for the east half of the building. The whole process of pouring, finishing, and curing the 
slab will begin on June 11, 2012 and last to June 22, 2012.  The dewatering system will remain 

installed until the date of June 22, 2012. This is a total of 143 days or 4.7 months. 
After the eastern portion of the slab on grade is complete the dewatering will be removed from 

the site. Dewatering system removal duration is very relative. An industry professional has 
approximated the removal of the designed 7 system to take 2-3 days. This will need a crew of 4 
workers and a crane to perform. 

 
The summation of the entire dewatering system installation, operation, and removal process will 

take approximately 150 days. This duration allows for the Maryland Public Health Laboratories 
excavation site to be effectively dewatered, lowering the groundwater table to a depth of 40 ft. 
below grade. This duration will be used in the feasibility analysis section for comparison. 
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Cost Analysis of Dewatering System 

There are several costs associated with a dewatering system, as there is the process of planning 

the system, drilling the well, renting the pumping equipment, and removing the equipment. With 
cost information provided by both Mersino Dewatering Services and Griffin Dewatering a total 

cost for the system can be achieved. 
 
The first cost to calculate that is needs to be calculated is the cost for preliminary planning. Most 

companies, such as those stated in the previous paragraph, don’t generally charge for a site 
investigation, but may need to conduct testing in the form of test bores. This testing determines 

information such as water table depths, number of aquifers and depths, soil classification types at 
specific aquifers and the permeability of these soils. Because these conditions have been 
previously tested for and the date has been collect and provided within the geotechnical report 

submitted by Schnabel Engineering, there will be cost for testing as this won’t be performed by 
the dewatering contractor. The overhead cost associated for site supervision, system 

documentation, system plans, and other expenditures have been estimated to cost in the range of 
$1,200 - $6,000, depending on the complexity of the design. As the system design for the 
Maryland Public Health Laboratories project consists of several deep wells and doesn’t 

implement any specialized equipment, or an additional perimeter well point system a medium of 
$2,400. This number was determined based on the size of the project and the equipment need to 

service the specific area. An additional 5% mark-up is added for other overhead costs associated 
with the system. 
 

A crew of 2-4 people is used to install the dewatering systems on construction sites. The laborers 
of these crews are budgeted at $335 a day and a site supervisor is budgeted at $940. There is to 

be three laborers and a site supervisor on the crew assembly and operating the dewatering system 
for the site. The crew is only present on site during installation, system operation and 
demobilization of the system. The total duration that the crew will operate is 127.5 days, which 

produces a combined labor cost of $247,987.50. 
 

Drilling costs is typically budgeted by the day. The equipment used to create the deep wells isn’t 
typically rented. A rig that is able to drill a boring to the industry standard diameter of 36” to 
service a 12” diameter well after backfill is placed has a daily operations rate of $4,800. This rate 

is based off the Mid-Atlantic region. Because the cost is based off a daily rate the 3.5 day need to 
drill these holes will be round to the required full day, which would be 4 days. This creates a 

total equipment cost of $19,200. 
 
The equipment used to pump the ground water to the system is broken down into these 

components: 

 Submersible Pumps 

 PVC Discharge Columns 

 Well Casing and Screens 

 Discharge Pipe and Discharge Tank 
 

The submersible pump required to service each well has been sized to have a pump capacity of 
280-300 GPM. The charts provided have indicated a 3”-4” submersible pump would be the 

typical diameter size of a pump of this capacity, but after discussions with industry cost 
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estimators from Mersino a standard diameter size for a deep well is 6”. A 6” submersible pump 
that can provide such pump capacity would be a 5 HP electrical pump that would be priced at 

$3,500 each. As there are 7 deep wells positioned around the site and one submersible pump 
services each well the total cost for a pump would be $24,500. 

 
The well casing and screen is inserted within the bored well. The designed well casing and 
screen of 8” diameter would be priced at $12 per linear foot. An industry standard sized 12” 

diameter well casing and screen is $20 per linear foot. This equipment reaches the entire depth of 
the well of 50 ft. Therefor the cost of a well casing and screen for a deep well would be priced at 

$600 for designed 18” diameter and $1,000 for industry standard 12” diameter. This creates a 
total cost for the well casing and screens of $4,200 or $7,000. 
 

The discharge column that is placed within the well casing and screen is used to direct the water 
upwards to the ground surface. This piece of material is typically “PVC” piping that is 3” in 

diameter. The riser pipe is priced at $2 per linear foot. As this column is connect to the 
submersible pipe, which is roughly 2’-6” in length and extends to a height that is 1’-6” above the 
ground surface, the amount of “PVC” piping used for each well will be 49 ft. This creates a cost 

of $98 per column and $686 for the entire system. 
 

Lastly the discharge pipe is the final major piece of equipment that must be priced. This is the 
pipe line that directs the discharged ground water from the deep wells to a point of regulated 
discharge. The project has been permitted to discharge water dewatered from the site at a certain 

rate into the maniple system. The line and tank sizing are typically directed and size by local 
regulations. Because the Maryland Public Health Laboratories project had a dewatering pumping 

system and line designed, which met regulations, this similar pipe line path and storage tank size 
will be used. The discharge pipe is an 8” high-density polyethylene (HDPE) discharge pipe that 
is priced at $25 per linear foot. This price includes all necessary valves and fittings. The amount 

of line needed to service the project is approximately 613 linear ft. This produces a total cost of 
$15,325.  

 
In addition to the equipment cost a 10% markup is included. This markup charge accounts for 
miscellaneous system components such as riser pipe accessories (valves, fittings, etc.), control 

panels, pump cables, pressure gauges, flowmeters, pump accessories, etc. This markup 
percentage creates an additional cost of $5,849 or approximately $6,000. 

 
The daily rental rate for deep well equipment for the entire system is provided by Griffin 
Dewatering cost information. There will be a $240.000 rental rate per day for the first 120 days 

and any additional time exceeding 120 days the rental rate reduces to $190.00. The total duration 
of the dewatering system operation is approximately 150 days. These accounts for the time spend 

procuring, installing, removing, and returning the equipment. The operational time of the 
equipment is 143 day. To install the system will take roughly a single day and removing the 
equipment will take 3 days. Lastly, an additional 3 days were added to procure and return all the 

equipment. This will produce a rental cost for the equipment of $34,500. 
 

Backfill is necessary to fill in the borings to stabilize the well. The materials used as backfill are 
filter sand and miscellaneous backfill. As the standard well boring diameter is 36” and the well 
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diameter is 12” at both 50 ft. vertical length the volume necessary to backfill is 353.43 C.F. or 
13.09 C.Y. per deep well. As there are 7 deep well on-site, this creates a total need for 91.63 

C.Y. of backfill. The cost per cubic yard of backfill is $40 per C.Y., which is a lump sum price of 
both the filter sand and miscellaneous backfill. The total cost of backfill associate with the design 

deep well system is $3665.19. 
 
The next cost estimated is the electrical demand to run the dewatering system. The 5 HP pumps 

are to be continuously operating throughout the entirety of the work day. The operational hours 
are based on an 8 hour work day. Using the electrical cost equation (3.8) for motors an electrical 

cost rate per day can be achieved 
 

                                     
                ⁄                 (3.8) 

 

The date provided the Bureau of Labor Statistics provides an average electrical cost rate in the 
Washington D.C. – Baltimore area of 0.123 between the years 2012 and 2013. The dewatering 
system will be installed and operated during the dates in each year. The data was collected form 

the chart provided in the Figure 39 below. The calculated total electrical cost is $3.57 per hour. 
This is based on a motor efficiency of 90%, as motors don’t operate on an ideal 100% efficiency. 

 
The system will operate all hours of construction, 8 hr. days, for the implemented 6 day 
schedule. The system will be operating for approximately 955 hours. This produces an electrical 

cost of $3,581.25. 
 

 
Figure 39: Average Electrical Cost Rates for the Washington D.C. - Baltimore Area (image provided by the Bureau of 
Labor Statistics) 

 

Lastly, the removal of the system must be priced as the intention is to not have the system remain 
once the foundation construction has been completed above static groundwater level height (18 
ft.).  The cost associated with disassembling the system is $1,200 per deep well or a total of 

$8,400. There is no cost to seal the wells, as they will be backfilled and compacted. As 
mentioned above a crane is needed to remove the deep well equipment from the well. This crane 

cost is negligible because it is already rented during the months of dewatering for foundation and 
structural construction.  
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The summation of all the calculated costs for the designed deep well dewatering system provides 

a total systems cost of $390,596. A cost break down of the design system for the Maryland 
Public Health Laboratories is provided in Appendix S. 

 
Feasibility Analysis 

It is imperative that the costs and time durations calculated and broken down above are used in 

comparison to the groundwater issues the Maryland Public Health Laboratories suffered during 
the excavation. This will determine whether time and money can be saved implementing such a 

system, therefor defining the feasibility of the system. 
 
Dewatering on the original site began on April 1, 2012 during the excavation of the project and 

lasted to June 3, 2012 before additional dewatering equipment was installed to remove the excess 
flooding with the excavating site. (Specified dates are based on schedule with delays) It was 

projected by Turner that is would take another 60 days before the dewatering system would be 
able to be removed from the site. The total duration of the installation, operation, and removal of 
the equipment is roughly 120 days when a 5 day removal period is implemented. This amount of 

time is due to the complexity of the system as there are several specialty systems, deep wells, 
and well points placed around the entire system. 

 
The deep well system designed for the project and implemented prior to the building excavation 
phase will operate for approximately for 150 days as mentioned above. It will take an additional 

30 days to operate such a system, which will in turn increase the cost for labor and supervision 
require. Both applied system durations are based off a 6 day work week, as this was the schedule 

implemented by Jacobs Engineering. 
 
Even though the system designed to be installed prior to excavation requires an additional 30 

days, it effectively dewaters the project site without schedule delays and additional change 
orders. After discussion with Jacobs project team members it was determine that there was a loss 

of 2 months in schedule due to implication of the unanticipated high groundwater table. This 
additional two months have significantly increased the total project budget. 
 

The applications of the dewatering system with the additional changes to the current project and 
the designed system for this analysis aren’t critical path construction paths. As the installation of 

these dewatering systems don’t drive schedule the duration of the system only impacts project 
costs by the labor rates associated for each system. The flooding that occurred on the project that 
couldn’t be prevented from the originally designed dewatering system due to misinformed 

planning, created additional equipment costs, damages costs, and costs associated to the 
prolonged project schedule. 

 
The original dewatering contract for dewatering equipment consisted of the installation of seven 
deep sumps. This was originally estimated at $173,579.45, but was budgeted at $185,000 in 

Turner’s pay application form. The change orders made to the project to mitigate the flooding 
issue were the addition of a french drain system, sump drains at mat shear walls, test pile 

program, dewatering operations, street striping, wick drains, deep wells, sump manifold, lower 
wick manifold, wick tests and sand filter which produced a total change order of $526,521.44. 
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An additional $59,444.68 has been attributed to damages created to building materials due to 
water exposure by the flooding. Table 15 is a break-down of the original dewatering budgeted 

cost on the Maryland Public Health Laboratories and the additional change orders associated. 
This break down was created using Turner Pay Application form during the given time period 

and Turner’s dewatering system break down and schedule cost impact, both provided in 
Appendix T. The total direct cost for dewatering on the Maryland Public Health Laboratories is 
approximately $770,381. 

 
Table 15: Project Dewatering System's Cost Break Down (information provided by Turner Company) 

MPHL Dewatering System’s Cost Break-Down 
Description Cost 

7 Deep Sump Drains $185,000 

Change Orders 

French Drain System $10,922.21 

Sump Drains at Mat Shear Wall $22,152.91 
Test Pile Program $55,119.36 

Dewatering Services $10,791.00 
Street Stripping $6,214.00 
Wick Drain Installation $27,090.94 

Wash Station $84,000.00 
Field Notices $30,452.00 

Deep Wells $137089.69 
Sump Manifold $26,832.18 
Lower Wick Manifold $34,997.15 

Wick Tests $8,820.00 
Sand Filter $59,900.00 

Flood Water Damages $59,444.68 

Total Dewatering System’s Cost with CO’s $770,381.12 

 
Manpower costs such as additional manpower costs are associated with the additional work and 
dewatering operation that has occurred. A projection of 60 additional days has been established 

by Turner to remedy the flooded site. With estimated manpower costs of $1,000 per day, Griffin 
supervisor costs of $940 per day, and additional rental costs of $190 per day an additional 

$109,940 has been added to the cost of dewatering. 
 
Additional indirect costs can be attributed to the project time lost due to the flooding. Concrete 

work ceased as the flooding affected the loading capacity of the soil. The ground would have 
settled if concrete was placed on top of the flooded soil potentially damaging the casted concrete 

as it cured. This creates schedule impact costs that are difficult to evaluate until the entirety of 
the project is complete. The crane rental was prolonged 3 months. The tower crane used on the 
project had a rental rate of $50,000 per month, which created an additional $150,000 to the total 

project cost. A projected $200,000 loss was estimated by Turner in addition to an added 
$600,000 in general conditions. Other indirect costs haven’t been evaluated, but with 2 month 

delay to the project schedule there are bound to be other indirect costs that accumulate. 
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The total cost for the designed system that is intended to be implemented prior to excavation and 
is designed based of the known groundwater table depth is $390,595.84. This system cost 

roughly 50% more than the original system prior to the change orders. Even though this system 
costs a great amount more, it is able to assure that the Maryland Public Health Laboratories site 

is adequately dewatered for excavation and foundation construction. This system will eliminate 
the need for change orders on site. This reduces the project cost by $770,381. Also, the projected 
manpower and supervision costs totaling $109,940 are also eliminated from the projects total 

costs. Lastly, indirect costs such as prolonged crane rental costs and increased general conditions 
are not experienced on the project. The total of all costs associated with the unanticipated high 

groundwater table is $1,830,321, which is remains increasing. 
 
Dewatering System Conclusion  

Selecting, sizing, and mapping a dewatering system a crucial process when it is necessary that a 
project site reduce the groundwater table depth for construction. As this water table can 

negatively affect the structural properties, damage building materials, and reduce schedule, it is 
important that accurate test are performed to ensure the depth of this ground water table and the 
soils beneath the building footprint. The project teams working on Maryland Public Health 

Laboratories project didn’t anticipate the water table to be as high as noted and lost valuable time 
of the project schedule. This in turn created a need for significant change orders, thus additional 

cost to the total project budget. 
 
The system designed in this analysis has been designed to be able to reduce the groundwater 

table to a depth that would not affect the excavation process. This eliminates all change orders 
associated with dewatering or flooding damages and allows the project to remain on schedule. 

The total duration is approximately 30 days have been added to the dewatering process compared 
to the original design (with change orders), but all tasks associated with the system aren’t critical 
path task. The duration of the dewatering process doesn’t impact the schedule, but the flooding 

that occurred because of the lack of dewatering affect critical path task. Two months have been 
lost because of the flooding, which creates significant direct and indirect costs. 

 
Direct cost in the form of change orders have totaled to approximately $585,000 in addition to 
the original installed system. Projected indirect costs have cost the project upwards of $1.8 

million and rising. The $390,595 spent on the analysis design will eliminate all change order 
costs and projected direct costs. A total of greater than $1.4 million can be saved if an adequate 

dewatering system were designed to reduce the unanticipated high groundwater table. In 
conclusion the Maryland Public Health Laboratories should pay for a more intensive system that 
would have been implemented prior to excavation as a schedule safety precaution. 
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Technical Analysis #4: Stormwater Harvesting System  
 
Problem Identification 

A building of the magnitude of the Maryland Public Laboratories will have a great cost 

associated with the design and construction. The total projected cost at the beginning of the 
project was estimated to be $110 million, but with the addition of change orders the total has 

increased to $112.5 million. This is a large sum of money provided by the owner for the 
construction of the new facility. Once the building has been turned over to the owner for 
operational use, it continues to generate costs. These costs include the energy required to power 

the building’s operations, potable water for building occupants, and maintenance costs. 
In order to make up for the cost to build the project and those associated with running the facility 

certain systems can be value engineered to reduce material cost, installation cost, or increase 
energy savings. A value engineering idea that has been mentioned on the project, but never 
implemented was the idea of a stormwater harvesting system used within the green roof design. 

The ability to use stormwater and domestic discharge water as grey water within the building, as 
well as reuse water consumed by the building and its occupants would create resource cost 

savings. This will reduce the cost of water bills and with time help to potential pay-off the cost of 
construction. 
 

In addition to the cost savings associated with implementing the stormwater harvesting system, it 
will potentially achieve unattained LEED requirement points. The Maryland Public Laboratories 

project had Sustainable Deign Consulting do a preliminary LEED evaluation to provide a 
synopsis of the areas the building would earn points. Within the report it was indicated that four 
points were lost in the Water Efficiency category. The points missing points fell into the two 

sub-categories, Innovative Wastewater Technologies and Water Use Reduction. These two sub-
categories directly relate to the value engineering topic regarding grey water systems. If the 

system were able to achieve these four points, the total points acquired by the Maryland Public 
Laboratories project would be 61 points. This would give the project a LEED Gold certification. 
Both the state of Maryland and city of Baltimore have mandated this project reach a sustainable 

rating of LEED Silver. This requirement has been established to project a sense of innovation 
and progression by the building to the community. A revival program has been enacted within 

the East Baltimore area as the community strives to rebuild the once impoverished area. 
Achieving LEED Gold will not only benefit owner’s through reduction in operations cost, but 
will exceed the community, city, and states expectations for the building. A LEED Gold facility 

will be a great addition to the area and serve as an icon for the public. 
 

Research Plan & Objectives 

To accurately assess the feasibility of implementing a stormwater harvesting system a number of 
calculations, planning, costs, and schedule analyses must be conducted. Stormwater harvesting 

systems are designed to capture all water that can be potentially reused within the building and to 
reduce stormwater runoff. To begin a stormwater harvesting supply will be calculated in gallons. 

This will allow for accurate sizing of a cistern that is used to store the water. This can be 
calculated using a rainwater harvesting calculator provided by Contech. 
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The tank size will allow the ability to size the components, such as pumps, filters, and discharge 
piping involved with the system. Using the given sizes for each component, pricing for the 

system can calculated.  
 

Also, the tank size will determine where in approximation to the building footprint the tank will 
be installed. A tank that serves structures over 100,000 S.F. will require a large area to be 
excavated. An evaluation of the parking lot north of the project footprint and west of the project 

trailer complex will be performed to determine whether this is a sufficient space to install the 
stormwater harvesting system. 

 
If the desired location proves sufficient to install the system a demolition and excavation analysis 
will be performed. Demolition costs will be created based off HDR’s proposed demolition for 

the Maryland Public Laboratories Project. This is due to the fact that this parking lot area was 
originally a part of the planned demolished portion. Excavation for the system will be researched 

and mapped on the site plan to demonstrate the location and depth the system will be installed. 
Also the size will provide a cost associated with the excavation. Lastly discharge lines will be 
also mapped to and from the building and indicated in the excavation plan. 

 
Once all costs associated with designing the structure have been comprised, the value will be 

compared to the cost associated with the facilities water consumption. The cost savings produced 
by the rainwater harvesting system will be used as the basis for comparison. In addition a life 
cycle cost analysis will be conducted analyzing the cost savings over time and the cost associated 

with maintaining the system. The goal is to hopefully save enough money in the future to pay off 
the building project. 

 
The total reused water will be calculated supplied by this system will be used for LEED 
evaluations. The quantity of water runoff conserved and re-introduced back into the building will 

hopefully be sufficient enough to meet point requirements in the Water Efficiency category. 
Sustainability consulting has determined that based on the design point lost within this category 

are due to the lack of innovative wastewater technologies and water use reduction. 
 
A schedule impact and sequencing analysis will be done investigating where during the 

construction project this will occur and for how long. Because this type of construction occurs 
adjacent from the building project there should be little affect to the critical schedule and 

confliction of sequencing. 
 
Lastly a feasibility study will conclude whether such a system would be beneficial to the 

Maryland Public Health Laboratory facility. It is the goal that a significant costs saving will be 
attributed to the system over time, compared to the additional upfront costs to the building’s 

construction. 
 
Application Methodology 

To effectively research the analysis topic of stormwater harvesting, the following steps must be 
taken: 
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1. Conduct preliminary interviews with Contech Engineered Solutions, Jacobs Engineering, 
and Turner Company to discuss system sizing and water supply/demand for the Maryland 

Public Health Laboratories facility. 
2. Use Rainwater Harvesting Calculator to efficiently size a system appropriate for the 

building required loads. 
3. Map demolition and excavation for the proposed system installation. 
4. Price system and calculate costs associated with the installation for a cost analysis. 

5. Compare costs of system and installation with potentially savings cost through current 
water/sewer rates for Baltimore City. 

6. Analyze the impacts on the schedule and determine the total duration of the installation of 
the system. 

7. Compare runoff water and grey water values to LEED credit requirements to determine if 

additional point will be achieved. 
8. Conduct an overall feasibility study for the stormwater harvesting system. 

 
System Overview 

Stormwater harvesting systems are systems designed to capture rainwater from the rooftop and 

hardscapes. Hardscapes are impervious surfaces such as courtyards, sidewalks and parking lots. 
Also, these systems can store discharged domestic water that can be reused as grey water. 

 
Water that is discharged from the indicated locations is directed by means of building gutter 
systems and downspouts to a filtration pretreatment system. This is the location where 

discharged water is treated as pollutants and toxins are removed from the water source. This is 
beneficial as this will protect the cistern or storage tank from being damaged by such pollutants. 

The water is then introduced to the cistern where it’s stored and then ejected back into the 
facility for grey water uses. Figure 40 depicts the main components and path of the stormwater 
within a stormwater harvesting system. 

 

 
Figure 40: Stormwater Harvesting System Schematic (image provided by Contech Engineered Solutions) 

 
 

A more descriptive schematic design is provided in Figure 41. 
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Figure 41: Schematic Design of an Underground Stormwater Harvesting System (image provided by Contech Engineered 

Solutions) 

 
After discussion with industry professionals at Contech Engineered Solutions, the best suited 

system design for large scale facilities similar to the Maryland Public Health Laboratories would 
be an Underground Metal (UGM) Cistern. This system is used for large building project because 
they have the ability to store upwards to 100,000 gallons of water. If a greater quantity of water 

needs to be supplied to meet building load requirements additional cisterns can be link together 
in parallel to one another. Figure 42 provides an 

image of the selected system. 
 
System Sizing 

Using the Rainwater Harvesting Runoff 
Reduction Calculator provided by Contech, a tank 

size was able to be achieved. The catagories in the 
calculator are broken down into supply water and 
demand water. Supply water comes in the form of 

rooftop and hardscape runoff, greywater supply, 
and air conditioning. The average rain fall of 

Baltimore is 41.84 inches with a maxium value of 
58 inches. These are used to calculate the amount 
of water per gallon will result in runoff from roofs 

and hardscapes. 
 

Another potential water supply is grey water. 
There isn’t an exact value for grey water for the 
building, but grey water was able to calculated by 

taking 65% of the domestic water discharge. The percent 65% accounts for water from sinks, 
shower and other similar sources. Toilets and urinals aren’t included in the grey water 

Figure 8: Underground Metal Cistern System (image 

provided by Contech Engineered Solutions) 
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calculation. Also, laboratory water discharge can’t be used for grey water as there are high 
amount of chemical and pollutants that could potentially be in the water source. 

 
The water demand for the building is calculated by several sources. Irrigation, toilet use, laundry 

use, wash water use, and cooling loads necessary for the building. Using the designed occupancy 
by code of 1,600 occupants an estimate toilet demand be calculated. Half this occupancy will be 
present during the weekends. It is assumed occupants of the building use the bathrrom twice. 

Irrigation demand are based off peak loads. These occur during late spring through the summer. 
A total of 200 gpm are used during the peak loading period. The cooling loads is the factor that 

place a high demand on the building as the chillers operate by supplying a total of 250 gpm to 
the 5 air handling units, the fan coiling unit, and the process unit. 
 

Theses loads are compared to one another one another to establish a demand size for cistrin. For 
the Maryland Public Health Laboratories there must be a dewatering system that can hold 

roughly 2.7 billion gallons of water a year. The facility can requires a supply of 1.3 billion 
gallons. Calculation have indicated that the smallest cistern size that will maximize run-off 
reduction and water consumption savings is one that would hold 250,000 gallons. A tank that 

could hold such a load would be approximately 665 ft. long with an 8 ft. diameter based on 
Urbangreen Underground Metal Cistern specifictions. 

 
The 665 ft. cistern can be divided into five individul cisterns that are 133 ft. in length. Each of 
these tanks will be able to carry 48,545 gallons of water. This size will determine the size of 

excavation need to install these cisterns. 
 

All calculator results are provided in Appendix U. 
 
Site Selection, Demolition and Excavation 

The area that is intended to house the stormwater harvesting system is the undemolished parking 
lot area north of the site. Assuming that building permits were obtained that allowed for the site 

to perform construction in that zone, this would allow a decent sized area to install this system. 
Figure 43 provides an image of the intended area for installation. 
 

The demolition process would be similar to the demolition that occurred on the Maryland Public 
Health Laboratories project. It would be a continuation of the task as roughly an additional 50% 

more area would need to be demolitioned. This will prolong the duration of the demolition task 
by 50% as well. Ashphalt and concrete curbs will be cut, demolitoned and salvaged during this 
process. Existing trees, concrete curbs, car stops, parking lot lamps, etc., will also be removed.  

Additional equipment will be need to support the demoliton. One bulldozer and excavator will be 
introduced to the project at this time. After the entire site has been adequately demolitioned, 

sitework contractors will begin excavating the building footprint. Sitework excavation for the 
installation of the stormwater harvesting system will continue to proceed once the excavation of 
the Maryland Public Health Labortories is completed. 

 
The excavation has been set back to match the excavation of the building, as this is the 

requirement to meet zoning codes. The dimensions of the intended excavation area is 160’x 85’. 
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This allows approximately 5-7 ft. of spacing around the perimeter of cisterns. To minimize the 
cost of excavation a sloped excavation plan will be used.  

 
Abidding by OSHA’s maximum allowable slope the soil condition must be classified into one of 

the catagories A, B, and C. The soil that exists from grade to approximately 15’ depth is silty 
clay or sandy silts. This type of soil would be classified as type A soil, which is provided in 
Appendix A to subpart P of part 1926 in the OSHA Regulation Standards. 

 
With this slope we can define the maximum allowable slopes of excavation using Table B-1 

provided in Appendix B of the same section. This table is provided in Figure 44 and a 
excavation section is provided in Figure 45. Using the given maximum allowable slope, at a 
excavation depth of 15’ the bottom of the excavtion site will have a dimensional area of 137’-6’ 

x 62’-5”. 
 

The standard spacing between cisterns is half the pipe diameter based on Contech’s Urbangreen 
Underground Metal Cistern specifications. This specification is provided in Appendix V. As the 
projected maximum discharge total is designed to reach 120 gpm. a steel pipe size of 8” is used 

based of the GPM per pipe size table. Therefore the spacing between cisterns is going to be 4”. 
This excavation size also allows for 8 ft. diameter manifolds that connect the five parallel 

cisterns. The manifolds allow for discharge water to be easily distributed between the cisterns. 
Also, another 12 ft. allowance is made to house both the prefiltration system and pump manhole. 
These units are both 6 ft. in diameter and are placed in close proximity to the cisterns. The pump 

manhole will house a 10 gpm. pump that will service reusable water to the facility. 
 

This system will only need one prefiltration unit as it has been designed as such to have one inlet 
into the cisterns. The discharge piping for both the hardscape and rooftops will connect prior to 
the prefiltration unit. 
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Figure 43: Stormwater Installation Map (plan provided by HDR, Inc.) 

 
 

 
 
 

 
 

 
 
 

 
 

 

Installation Procedures 

All the sitework tasks associated with the installation of the stormwater harvesting system will be 

done by sitework subcontractors Kayden Premier Enterprises. Demolition will be continuous 

Trailer Complex 

MPHL Building Site 

Stormwater Harvesting 

Installation Area 

Figure 45: Section View of Excavation of Soil 

Class A (image provided by OSHA) 
Figure 9: Table B-1 Maximum Allowable Excavation Slopes (image 

provided by OSHA) 
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with the demolition process of the Maryland Public Laboratories demolition. This will create an 
increase in duration spent on the project that will be later discussed in the scheduling impacts 

section. Demolition requires the asphalt be cut and removed, concrete curbs and sidewalk to be 
cut a removed, wheel stops removed, light poles removed, etc. 

 
Once the excavation and site work for the building project has been complete and the foundation 
construction has begun, the two excavators and bulldozer will continue work by beginning the 

excavation for the stormwater harvesting installation. The west most site trailer will be placed 
into the back corner of the project trailer complex to allow easy access for the excavators and an 

access ramp into the excavation site. Figure 46 provides an image indicating the trailer that must 
be brought north approximately 30 ft. to allow for this to occur.  
 

 
Figure 46: S ite Adjustment Plan (image provided by Bing.com) 

 
Once the excavation has occurred the crane used to install the H-piles and sheeting will be 
remobilized on site to place the cistern pieces. The cistern is divided into lengths of 

approximately 15 ft. Each cistern will be approximately 9 pieces. These pieces will be staged in 
the location marked by the green area in the picture above. Once all pieces have been assembled 

backfill will proceed. Because the system selected was an Underground Metal Cistern system it 
is durable enough to withstand the load applied when using native soil or the excavated soil as 
backfill. Thus, to the excavated soil from the installation area will be used to backfill. The 

nominal coverage of the cisterns must be a minimum of 8 in., which is far exceeding as the depth 
of the excavation was 15’. 
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Once the land has been compacted the re construction of the parking lot will occur.  This is the 
final phase of the installation process for the stormwater harvesting system. 

 
There are to be little to no coordination issues that occur during the installation of this system. 

The construction will occur simultaneous with the structural foundation and cast in place 
concrete superstructure construction of the Maryland Public Health Laboratory building. Crane 
picks and concrete deliveries will stage off Ashland Ave., which is in the opposite direction of 

the stormwater harvesting area. All work performed on the building will be done within the 
building footprint area so there will be little coordination confliction. 

 
The only concerns with coordination will be the maneuvering of heavy equipment such as the 
bulldozer and excavator used for the excavation of the stormwater harvesting system. The 

narrow pass between the trailer complex and the Maryland Public Health Laboratories footprint 
will have to be properly supervised for safety reason. 

 
System and Installation Costs 

The cost associated with the stormwater harvesting system is a direct cost that will increase the 

total budget on the building project. These systems are designed and implemented to generate 
cost saving during a building’s life span. The first cost to be analyzed is the equipment cost.  

 
It was stated above that the design of the system consisted of 5 cisterns 133 ft. in length. Based 
on specification provided by Contech’s Underground Metal Cisterns, the gallons per linear foot 

of an 8 ft. diameter cistern is approximately to carry 376 gal. per linear ft. Cisterns of this size 
can carry approximately 50,000 gallons of water each. 

 
After discussion with an estimator at Contech it was mentioned that tanks between the ranges of 
10,000-30,000 gal. will cost on average $2.25 per gallon. Large tanks ranging from sizing above 

30,000 will cost on average $1.50 per gallon. This is the price that is associated with the cisterns 
used on the given project. Each of the 133 ft. cisterns will cost roughly $75,000 and. The total 

price of the cisterns to be installed for the project will be $375,000. 
 
The other components associated with the system are the prefiltration system, control system, 

screening, filtration, disinfection and submersible pump. The estimator at Contech gave a lump 
sum price, which incorporated all these pieces. It was mentioned that the largest pump used 

within a rainwater harvesting system would be a 10 gmp. pump. This pump and the other 
components are priced at approximately $23,625. 
 

The next component that needs to be priced is the piping. This includes the piping into and out of 
the stormwater harvesting system. The piping required will be approximately 243 feet of 8” 

metal piping and 128 feet of 6” diameter piping. The total cost for metal discharge and supply 
piping is $54,724. 
 

The installation of the stormwater harvesting system is priced based off four main processes. 
These include the demolition, excavation, installation, and parking lot construction process. 

Demolition is priced by the area of asphalt cut and savaged, the concrete cut and savage, the 
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removal of trees, curbs, lamps and other features. The total cost of this is a percentage of from 
the originally contracted demolition budget. The demolition totaled to approximate $22,237. 

 
The excavation of the area intended to house the stormwater harvesting system is based of cubic 

yards. Also, stone backfill is to be placed beneath the cisterns for both drainage and to reduce 
settling. Using the given dimensions of the excavated site the total amount of soil that would 
need to be removed is 6,164.93 cubic yards. Excavation performed on the project has been 

budgeted at $29.22. Therefor the total price of excavation is $180,139.25. 
 

It is necessary to lay a layer of gravel backfill before installing the cisterns. Once the cisterns are 
installed backfill is replaced into the excavated area. The backfill then becomes compacted in 
preparation for the reconstruction of the parking surface. This totals to a cost of $30,277. 

 
Lastly, the installation of a new parking lot above the stormwater harvesting system will follow. 

This is the final stage of construction that must be calculated. Using RSMeans Site Work $ 
Landscape Cost Data a parking lot that had approximately 80 spaces, 4 handicap space, and was 
able to be lit by parking lot lamps would cost a total of $176,500 to build. This sized parking lot 

is almost exactly the same size that existed prior to demolition. 
 

The total cost that would be associated with installing a stormwater harvesting system on the 
Maryland Public Health Laboratories project would be approximately $1.2 million. A cost data 
break down for the system is provided in Appendix W. Cost information has been provided by 

Contech Engineered Solutions, Turner, and RSMeans Cost Data. 
 

Potential Cost Savings 

The main two main reasons for implementing a stormwater harvesting system is two (1) reduce 
water consumption of the facility and (2) reduce water runoff. The city of Baltimore charges a 

minimum water rate of $0.0018 per gallon. This value has been provided by The Department of 
Public Works of Baltimore City. As the Maryland Public Health Laboratories facility requires a 

substantial amount of water to service their facility, any opportunity to save water would be 
beneficial. 
 

Also, the rate to discharge water into the maniple sewer has a greater cost. The rate to discharge 
a gallon of water is approximately $0.0055. The building has an even greater water discharge. 

There have been systems, such as green roofs, that reduce the water run-off of the building, but 
other systems, such as stormwater harvesting systems can significantly reduce the buildings 
water run-off. 

 
The “Rainwater Harvesting Runoff Calculator” provided by Contech gives a good estimate of 

how much potential savings a building can save with a stormwater harvesting system of certain 
size cisterns. Using all the design load values provided from HDR and project management 
teams, the potential cost savings produced from a stormwater system ranges from $455,360-

459,335. Over a 21 year span the Maryland Public Health Laboratories could save $9,562,568. 
 

It would take around 2.6 years for the system to pay off its installation cost and 241.8 years to 
pay for the entire building construction cost. Unfortunately a substantial amount of time must 
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pass before a building payoff would be achieved. The system does save a large sum of money in 
water consumption and sewage bills and could potentially certify the facility with a LEED Gold 

certification. 
 

Schedule Impact 

The stormwater harvesting system can be view as a side project towards the main building 
project. There will be no schedule impact as the building schedule doesn’t rely on any portion of 

the construction of the system to be complete by a certain date. 
 

The duration of the system’s installation will be approximately a month and a half to install 
based on industry. This doesn’t account for the site demolition, as there is 4 month downtime 
period between demolition and the excavation of the designated stormwater harvesting area. This 

is because site work subcontractors will commence the task of excavating this area after the 
Maryland Public Health Laboratories excavation has been complete. This is scheduled to finish 

on June 12, 2012. 
 
A breakdown of the duration of all the activities that comprise the stormwater harvesting system 

is provided blow. These durations were based of Jacobs Engineering baseline schedule. The 
equipment and manpower used for the demolition and excavation of the building project will 

also be implemented on the demolition, excavation, and sitework of the stormwater harvesting 
system. Because the tasks are extremely similar to the tasks of the building project, simila r 
durations from the baseline schedule will be used. Also, the site because excavated and 

demolitions is roughly a half of the building site, therefor the durations will be halved. 
 

Demolition of the proposed system area will take approximately 4 days, as it took 4 days to 
demolish the exact surface of the Maryland Public Health Laboratories site with double the 
equipment. Bulk excavation for the site took 16 days. Using the calculate cubic yards from above 

in comparison to the building site bulk excavation total of  24092.44 cubic yards, the excavation 
of the stormwater harvesting system is approximately 25% of the building excavation. Therefor 

it will take 8 days using half the equipment. Stone backfill can be completed in a single day. 
 
The cisterns, prefiltration units, and ejector pump installation duration have been provided by 

Contech. Typically performed by the same sitework subcontractors that performed excavation 
and underground utility installation, these cistern pieces can be installed and fastened 10 per day. 

These pieces are typically 10-20 ft. in lengths. To meet the design each cistern is designed using 
7 pieces, therefor it will take approximately 3.5 days to install all the cisterns. The manifolds 
used to connect the cisterns take approximately a day each to complete. Contech has stated that 

the manhole and pump installation typically takes 3-4 days and the prefiltration take a single day. 
 

The installation of the underground stormwater and recirculation pipes are based off the baseline 
scheduled duration for the building utility lines. The excavation, installation and tie-ins of these 
pipelines will take approximately 10 days to complete. Backfill of the excavated areas are also is 

based of Jacobs baseline schedule, which they have scheduled to be 3 days. Because of the 
significantly smaller area this site can be backfilled in 1.5 days, half the duration of the buildings 

backfill. 
 



April 3, 2013 [MARYLAND PUBLIC HEALTH LABORATORIES] 

 

 

 
S e n i o r  T h e s i s  F i n a l  R e p o r t  

 
Page 102 

The summations of the durations of each task totals 33 work days to complete the installation of 
the stormwater harvesting system. This is approximately 6.6 weeks or a little over a month and a 

half. A break down is provided in the table below of the scheduled durations. 
 

Stormwater Schedul Analysis 

Description Duration (days) 

Site Demolitions 4 

Excavation  8  

Cistern Installation  3.5 

Pump Manhole Construction 3-4 

Prefilitration Installation 1 

Manifold Installation 2 

Backfill 1.5 

Stormwater/Reusable Water Line Installation 10 

Total Stormwater Harvesting Duration 33 days 

 

  
 

The system should be installed and backfilled around late-July 2012 and will await tie-ins until 
mechanical work has begun. Also, the parking lot that is to be constructed on top of the system 
will wait until site improvement work is conducted. Both these tasks are performed later in the 

building project schedule, therefore remobilization of site crews will occur at this time. Again 
because the building isn’t affected by the construction of this system, the installation of a 

stormwater harvesting system won’t affect the critical path. The system can be implemented 
during construction at a variety of times, but seems most logical to begin after excavation and 
foundation construction of the building, as the sitework subcontractor won’t need to remobilize. 

These workers would continue to proceed with excavation after the building excavation is 
 

Sustainability Analysis 

A major goal of project managers and the owner is to 
achieve the 2 LEED points to allow the Maryland 

Public Health Laboratories to become LEED Gold 
certified. Implementing a stormwater harvesting 

system was a way of possible achieving a portion of 
the lost 4 points in the Water Efficiency category. 
The subcategory the project lost 2 points in was 

Innovative Wastewater Technologies.  LEED has 
expressed two options for achieving these points. (1) 

Reduce potable water use for sewage 50% and (2) 
treat 50% of wastewater onsite to tertiary standards 
and infiltration or reuse treated water.  To achieve the 

point for the first option approximately 84% of the 
calculated supplied water from the building must be 

used to supply the toilet fixtures and urinals 
throughout the building. The problem that occurs is 

Figure 47: LEED Logo (image provided by 

abelconstruction.com) 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=rIQ9ievWX8AkGM&tbnid=jhu0IkQJh4b4tM:&ved=0CAUQjRw&url=http://abelconstruct.com/portfolio/university-of-louisville%E2%80%94school-of-business-equine-center/leed-certified/&ei=F9tbUbD9H7K30gHB14D4Aw&bvm=bv.44697112,d.dmQ&psig=AFQjCNE2NsIy0y4xHWZ93OQ-wrpsjFWh7w&ust=1365060754111910
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that the demand of these fixtures is so low in comparison to others systems in building. If water 
resides in the tank for too long (2-3 day) it must be sent to the sewage line. A lot of reusable 

water would be wasted because of this. 
 

The second option is infeasible from the start. The laboratory produces significant amounts of 
waste water that can’t be treated onsite or reused because of pollutants and chemicals in the 
source. This has been regulated by code, which makes this point virtually impossible to achieve 

given the facility type of the Maryland Public Health Laboratories. 
 

The remaining two points that could be achieved are the in the Water Use Reduction 
subcategory. To achieve both points the facility must reduce the water consumed by 40%. With 
the current design of the building 31% water has been reduced, providing the project with 2 

LEED Points. There will need to be a reduction of at least 19% to reach LEED Gold 
certification. Implementing the stormwater harvesting system only will allow a total of 2.23% of 

water consumed by the building to be reduced. The demand for water of a facility of this nature 
is so great in magnitude that simply taking sink, faucet, and shower water and combining it with 
both condensation from HVAC equipment and stormwater won’t come close to being able to 

meet the requirements. 
 

Unfortunately after the sustainability analysis it has been determined that if the Maryland Public 
Health Laboratories project is to earn a LEED Gold certification it must do so in other ways than 
designing systems to be more water efficient. The water demand load is too great in this type of 

facility to be able to greatly benefit from a water reduction system. 
 

Feasibility Analysis 

The practice of becoming more sustainable and energy efficient being strongly encouraged in 
today’s building industry. A great way to do so is by reducing the amount of water that a 

building consumes. Certain systems, such as storm water harvesting systems, provide the 
opportunity to capture and retain supply water from rain, grey water, and HVAC condensation 

and reuse this water within the facility. 
 
After several analyses it was determined if such a system was used with the Maryland Public 

Health Laboratories project about $455,360 would be saved in water bills. This is a fair amount 
of money saved by the owner, but is very small compared to the amount of money spend on the 

water needed to supply the building. Even so this is a cost savings. It would take $1.2 million to 
construct the system, which would mean the system would pay for itself after operating for 2.6 
years. The time it would take to pay off for the entire building construction is irrelevant because 

these systems typically last for only 30 years. 
 

There is no impact on the project schedule by the installation of the system as this system is 
separately installed from the building. There are no tasks that are fixated on the critical path. 
Hypothetically the system installation could take the entirety of the project without needing 

affecting the project schedule. 
 

Unfortunately this system wasn’t able to achieve any of the 4 lost LEED points in the Water 
Efficiency category. The facility is entirely too large and demand such a great load of water that 
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implementing a stormwater harvesting system of the designed size would only reduce 
consumption by 2.23%, which is very minimal. 

 
The idea of a stormwater harvesting system is great and it promotes the idea of sustainability. 

Unfortunately there aren’t many substantial benefits to the building when the system is 
implemented. 
 

Conclusion 

In conclusion the research performed in this analysis it has been determined that this system is 

neither feasible nor unfeasible, especially regarding short term benefits. The idea of 
implementing a stormwater harvesting system is a great idea that expresses sustainability and 
innovation, a goal of building designers and the owner. Unfortunately the system doesn’t have a 

great beneficial impact on water reduction and cost savings. There is a costs saving associated 
with the design. The owners of the Maryland Public Health Laboratories will be able to save 

approximately $455,360 annually if this system were to be implemented. 
 
Overall, the application of this system should be decided by the owner. There aren’t any major 

benefits or drawbacks to the system. The system does bring about additional sustainability 
feature to the building, but doesn’t produce the necessary the water reduction savings and cost 

savings to earn the points to achieve LEED Gold Standard. 
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Appendix A: Existing Site Conditions 
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Appendix B: Excavation Phase Site 

Logistical Plan 
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Appendix C: Superstructure Phase 

Site Logistical Plan 
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Appendix D: Finishes Phase Site 

Logistical Plan 
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Appendix E: Detailed Schedule 
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Appendix F: Hollow Core Plank Slab 

Layout Plan 
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