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INTEGRATION EXECUTIVE SUMMARY
Fusion is an interdisciplinary team consisting of structural, mechanical, lighting/electrical and construction members, who utilized an
integrated design approach. For the 2018 AEI Student Design Competition, Fusion worked to create a state of the art Children’s
Hospital and Medical Center in Omaha, Nebraska. Within the pediatric critical care hospital, Fusion focused on the NICU, PICU, Fetal
Care Center, Cardiac Care Center and mechanical floor.
Throughout the process Fusion worked in a collaborative manner between all disciplines to deliver a final design for the hospital
which emphasizes the project goals of INTEGRATION. ,ADAPTABILITY, WELLNESS,, and COMMUNITY..

CENTRAL PLANT

PATIENT ROOM

Due to the air quality and ease of
maintenance needed for a hospital,
Fusion worked together to relocate
the central plant to a more optimal
location.

To optimize the patient experience,
Fusion created a patient room that
increases the daylight, utilizes smart
technology, and enhances the overall
patient experience.
.

ENCLOSURE
To meet the high performance
enclosure requirements, Fusion
engineered an innovated façade
system that improves the overall
energy performance and increases
the security of the occupants within
the hospital.

HALLWAY & TEAM CENTER

FLOOR REORGANIZATION

DISASTER

Efficient hospital staff areas are critical for
ensuring effective patient care
throughout the hospital. With this in
mind, Fusion redesigned the hallway and
team center areas to provide more
security and collaboration between all
hospital staff.

To have a more adaptable and
responsive hospital, Fusion reorganized
the floor programs. The new
arrangement of floors takes into
account the engineering requirements
and medical adjacencies.

A major goal for the Children’s
Hospital and Medical Center is to be
able to serve the community in the
event of manmade and natural
disasters. Fusion created adaptable
spaces and plans for the hospital
that can easily respond to the needs
of the community.
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CODES & STANDARDS
MECHANICAL

STRUCTURAL

ELECTIRCAL

ASHRAE 55 – 2013

ICC 2012

NFPA 37 – 2015

ASHRAE 62.1 – 2016

ASCE Standard 7-10 –2010

NFPA 70 – 2014

ASHRAE 90.1 – 2016

ACI Standard 318-11-20011

NFPA 99 - 2015

ASHRAE 170 – 2013
NFPA 101 – 2000

AISC Steel Construction Manual 14th
Edition-2011

IFC – 2012

FEMA 361

NFPA – 418

ICC 500—2008

NFPA 13
NFPA 101
NFPA 90A
ASHRAE Fundamentals – 2013
ASHRAE Fundamentals – 2013

NFPA 110 – 2016

DESIGN GUIDES
IES Handbook 10th Addition

DESIGN GUIDES

ANSI/IES RP-29-16 Lighting for
Hospitals and Healthcare Facilities

Texas Tech Wind and Science and
Engineering Research Center

FGI

AISC Steel Design Guide 22

ASPE Special Plumbing Systems – 2011
-2012

AISC Steel Design Guide 11

ASPE Pluming Systems – 2014-2015

FAA AC No: 150/5390-2C

ASPE Fundamentals of Plumbing
Engineering – 2013-2014

NFPA 101 - 2015

IECC 2015
ASHRAE—Advanced Energy Design
Guide (AEDG) for large hospitals

Construction
Omaha Nebraska’s Code of
Ordinances

DESIGN GUIDES
ASHRAE HVAC Design Manual for
Hospitals and Clinics

Facility Guidelines Institute for Design
and Construction of Hospitals and
Outpatient Facilities
ASHRAE Combined Heat and Power
Design Guide
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Through a collaborative team dynamic, Fusion delivered
a state of the art medical center in line with the
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1.0 Project Introduction

Fusion was tasked by the Children’s Hospital to design a
state of the art hospital and meet three additional
challenges: emergency preparedness, high efficiency
enclosure, and smart building.

3.1 Emergency Preparedness
The Children’s Hospital is capable of responding to
disasters of all kinds through resilient engineering and
dual functionality spaces. The design includes an
emergency operation center and an alternative care site
to serve the hospital and surrounding community during
natural disasters, specifically tornados and mass causality
events. How the hospital adapts and stays functional
during disasters is detailed in Sec. 8.2.

3.2 High Efficiency Enclosure

The Children’s Hospital and Medical Center is a proposed
pediatric and neonatal care center addition to the
medical campus in Omaha, Nebraska. It is a 390,000 SF
addition to the existing hospital, including a subgrade
level, three-story podium, six story tower, and roof
helipad. The hospital addition faces US Route 6, a major
east-west road in Omaha. The addition is situated inbetween the existing Children’s Hospital and the
Specialty Pediatric Hospital. For the purposes of the
competition project, it does not connect to these existing
buildings. Fusion has worked to design a solution that
works hand in hand with the goals of the medical staff,
the patients, and their families to provide world-class
pediatric care to the community of Omaha.

To improve the overall building performance, Fusion
collaborated to produce a high efficiency enclosure that
is resistant to tornadic wind loading. The enclosure
design further reduced the energy load of the building by
38% compared to the Given Design. To learn more about
the unique enclosure design, see Sec. 7.2.

3.3 Smart Building
A technologically advanced hospital ensures a world
class patient experience. The final design incorporates
technologies to increase medical staff efficiency,
enhance the patient experience, and improve the
building operations all of which are illustrated in Sec.
10.3.

4.0 Project Goals
Fusion is an interdisciplinary team consisting of
structural,
mechanical,
lighting/electrical,
and
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construction members who utilized an integrated design
approach to create a world class facility. With the
owner’s criteria and challenges in mind, Fusion
determined four major goals of integration, adaptability,
wellness, and community for the design, construction,
and function of the Children’s Hospital.

Integration for Better Building Performance
Integrative design achieves a reliable and higher
performing building that elevates the reputation of the
Children’s
Hospital.
Through
cross-discipline
communication and collaboration, Fusion’s design
solution for the Children’s Hospital accomplishes the
following:


Reduces load consumption by 38% of the Omaha,
Nebraska adopted code IBC 2006 and IECC 2009
versus the Given Design



Improves the lifecycle and facility management for
the owner



Implements high performing systems that
complement and integrate with one another



Delivers a more constructible building through
prefabrication and coordination

Adaptability for a Better Future
The Children’s Hospital provides an adaptable solution to
satisfy the owner’s current and future needs by:


Accommodating operating changes and the daily
demands of a hospital operating 24 hours a day



Mitigating effects of mass causality events and
natural disasters



Supporting the surrounding community after mass
casualty events, during, and after natural disasters,
while maintaining the highest level of care

Wellness with a Focus on Occupant Experience
Designing with wellness in mind improves the mental
and physical health of all occupants in the Children’s
Hospital. To ensure the well-being of all patients, visitors,
and staff, Fusion’s design focuses on:


Natural and electric lighting to align with circadian
rhythm



High quality supply air, including temperature
controls for the patient
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Minimizing acoustical transmission between spaces



Minimizing structural vibrations through bay design



Limiting construction impacts on occupants

Community for the Support of the Hospital Staff
The hospital community, which is comprised of medical,
maintenance, and all other personnel, supports the care
of the Children’s Hospital patients. Fusion sought to
improve the efficiency and quality of care by:



Promoting smart technology that improves the
efficiency and accuracy of patients’ care



Streamlining the design of the medical staff areas to
increase collaboration between members of the
medical team



Utilizing controls to coordinate building maintenance
and operations

5.0 Stakeholders
Understanding the influence and the role of the
stakeholders for the hospital was a critical driver for the
design. Fusion identified the four most influential
stakeholders in the design project : the Children’s
Hospital leadership, the patients, medical staff, and the
University of Nebraska in affiliation with the hospital
(Figure 1).
The doctors, nurses
and other staff are
responsible for the
treatment and care
of
the
patients
throughout
their
stay. One of the
factors that leads
patients to choose
the
Children’s
Hospital over other
hospitals in the
region
is
the
hospital’s expertise.

Figure 1: Major stakeholders

The patients are the main occupants of the Children’s
Hospital. It is the goal of the project and the hospital to
improve the health and lives of every patient, while
keeping them comfortable during their time in the
critical care units.
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To ensure that the design goals are met, the project
delivery method proposed is a Design-Build Joint Venture
with Design-Assist, see Construction Report Sec. 4.0 for
more detail.

6.0 Design Facilitation and Communication
Within the interdisciplinary team, Fusion developed
several communication and design facilitation practices
that promoted integration throughout the design of the
project.

6.1 Decision Making
For an integrative team, it is important to have an
established process to make design decisions that take
into account the project goals and all five disciplines:
mechanical, lighting/electrical, structural, construction,
and architecture. A decision matrix facilitated the
decision process. This design matrix included the main
goals for the project as well as discipline specific goals.
All topics were weighted based on their importance to
the overall design of the hospital to ensure that the
matrix did not favor one discipline over another. A
portion of the matrix can be seen below in Figure 2 and a
more detailed example can be found in Integration SD-A.
Through the design process, the team continually
reviewed the decision matrix and ensured that the
decision aligned with both the project and team goals.
Every decision was evaluated and reviewed to ensure
that it was providing solutions that best served the
interests of the stakeholders.

split the design space into four
different sections: a collaborative
work space, a conference
area, a mock-up space,
and a lounge area
(Figure 3). The
work space
area (yellow)
consisted of ten
computer
Figure 3: Team workspaces
stations in an
open concept work environment, which allowed for
team members to easily work with one another. The
conference space (green) consisted of a large conference
table and an interactive touch monitor. These spaces
were able to be adjusted with the use of movable
whiteboards to facilitate interdisciplinary discussions.
The room also held an interactive display of the team’s
planning system which is discussed about in Sec. 6.4. The
final space the team utilized was an adjacent mock-up
space (purple) used for simple cardboard full scale design
mock-ups combined with virtual reality to test different
designs, such as the patient room layout, which can be
found about in Sec. 9.1.
6.2.1 Intradisciplinary Collaboration
The first step to a successful project is the
intradisciplinary collaboration workflow. In the
collaborative space, each discipline team was given an
area to allow for the efficient knowledge sharing and
communication between one another. Fusion spilt up
tasks based on their different strengths to achieve both
short and long term goals for the project. Successful
intradisciplinary coordination gave way to effective
interdisciplinary collaboration.
6.2.2 Interdisciplinary Collaboration

Figure 2: Example of team decision matrix

6.2 Collaborative Environment
An integrative work environment promoted open
communication and collaboration between team
members. The Team decided early on that it was best to
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Interdisciplinary collaboration was essential during the
design process and key to the success of the overall
project. The collaborative space allowed team members
to openly discuss design options both within team
meeting times and while work was progressing on a daily
basis. The team utilized their planning system to help
each discipline visually see where everyone else was in
the design process and where they could work together
to create a more innovative and integrated design. To
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see more information about how the
interdisciplinary work see Integration SD-B.

team’s

6.2.3 Team Health and Key Performance Indicator Tracking
In order to identify the strengths and weaknesses of the
team throughout the design process, all team members
participated in a monthly team health survey. Each team
member rated their agreement/disagreement on topics
such as Innovation, BIM, and Co-Location. This allowed
the team to see what areas of collaboration were
improving or struggling on a month to month basis.
Responses to a written question on what each team
member thought needed to be improved were discussed
at the beginning of each month to find solutions and
improve operations. For more on the results and how
this tracking method influenced the team work process,
see Integration SD-B.

6.3 Communication and Team Meetings
Every week Fusion conducted one to three team
meetings to discuss project progress and make design
decisions. Before every meeting an agenda was formed
to give more structure and efficiency to the meetings.
The agenda also allowed for no single meeting leader,
but for all members to be able to take lead and
participate equally throughout the meeting. The agenda
consisted of discipline updates, design and integration
topics, and subcommittee updates, which is explained
more in Sec. 6.3.1.
During these meetings, the team discussed the benefits
and drawbacks to different design iterations, went
through the decision matrix, and formed subcommittees
when needed. Weekly meetings allowed for team
members to be educated on all aspects of the design
process, creating a more integrative and innovative final
project. This structured knowledge share allowed
disciplines to influence each other and affect all areas of
the design.
6.3.1 Subcommittees
To help facilitate integration and communication
between the different disciplines, Fusion created
subcommittees for major design points, including the
enclosure, smart building technology, and disaster
preparedness. On each subcommittee there was a main
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representative from
each
of
the
disciplines to ensure
that each discipline
was equally involved
in the design and
decision process.
Figure 4: Subcommittee meeting
Subcommittees met
separately from the team meetings to discuss the
individual topics in depth and work through different
design iterations (Figure 4). Each representative would
then collaborate with their discipline’s team members to
ensure that calculations and designs were done in a
timely manner. Subcommittee members gave updates at
every team meeting design disciplines progress for
evaluation by the entire team.

6.3.2 Digital Communication
Fusion implemented a variety of digital communication
platforms to share information and communicate.
Theses included used Bluebeam Studio, Box, GroupMe,
Google Calendar, and Trello for file sharing,
communication, and coordination.

Bluebeam Studio, in collaboration with Box, was
employed for document storage, sharing, and as a file
backup system. Bluebeam Studio automatically backed
up to Box, an unlimited storage cloud drive, every twenty
-four hours. Box allowed for the team members to view
and edit documents from anywhere they had access to
the internet. While outside the design space, the team
communicated via the GroupMe app. This allowed
members to answer questions and give input, even when
they were not in the design space.
Google Calendar allowed the Fusion to coordinate
meeting times around conflicts with classes and other
individual obligations. At the beginning of the project,
the Team input their schedules into an overall team
calendar, allowing everyone to see when team members
were free to discuss design ideas. Finally, Trello, a project
management system, was utilized to coordinate and plan
tasks, see details in Sec. 6.4. How the Team applied the
different forms of digital communication is outlined in
Integration SD-C.
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6.4 Planning System
Fusion utilized multiple methods to plan and facilitate
the design process. From the beginning, the team looked
at both the long term schedule and day to day tasks to
help effectively manage each member’s time. These
systems allowed the team to plan out the project
schedule to align with each discipline and their specific
design process needs.
6.4.1 Pull Planning
Starting at the beginning of the project, Fusion utilized
the web-based project management application Trello
for digital pull planning. In Trello, each discipline team
was able to create tasks on the pull planning board that
were color coded based on each discipline. Each
activity’s name and due date was on a single card. Within
the card, a checklist and tasks were added, noted in
Integration SD-C. The pull planning board was displayed
on a monitor in the design space for daily access.
Fusion held weekly pull planning sessions in order to
emphasize integration. The pull planning schedule
allowed each discipline to create their own plan, while
coordinating with the other disciplines. The pull planning
schedule also allowed for each team member to
recognize early on any information required of them by
others, and their deadlines, in order to continue the
design process.
6.4.2 Workflow Board
A workflow board tracked what each discipline and team
member was currently working on. The board was split
up into four categories: To Do, In Progress, Review, and
Completed. Every day each team member would go
through the list and update where they were for each of
their tasks. For example, if the team decided that a
change to the Revit model needed to be made, the task
would be placed on the To Do list. Once the team
member started working on the change it would be
switched to In Progress and then to Review when it was
completed (Figure 5). After the task was reviewed and
the team agreed that no more changes were needed, it
was moved to the Done category.
The workflow board allowed for team members to be
aware of what each team member was working on at all
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times during the
week. The team was
able to see if one
person was
overloaded with work
and could readjust
the tasks to ensure a
more efficient design
process. The board
helped the team
visualize the work
that needed to be
completed for each
discipline in detail.
This facilitated
interdisciplinary
design coordination
Figure 5: Line of workflow board
that may not typically
occur in a design process. A detailed example of Fusion’s
workflow board can be seen on Integration SD-C.

7.0 Integration for Better Building Performance
A general assessment identified two areas of the project
design and construction that delivered overall better
building performance: the reorganization of the tower
floor programs and the enclosure design.

7.1 Floor Reorganization
The given design floor programs were dictated by the
physical connection to the existing buildings. Per the
competition guidelines, the design project was a
standalone tower that removed the need for these
physical connections. This allowed Fusion to reorganize
the levels to achieve better performance.

Fusion’s first area of concern was the proximity of the
helicopter exhaust to the mechanical level on Level 7.
This location posed major concerns for the quality of
intake air.
The final design moved the mechanical level from Level 7
down to Level 2, which can be seen in Figure 6. This
move required the rearrangement of other floors to
address programmatic adjacencies and mitigate
acoustical concerns. The NICU, with the most
acoustically sensitive patients, was moved to Level 4 to
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Mechanical

Hematology

Hematology

CCU

PICU

PICU

CCU

NICU

FCC

FCC

NICU

Mechanical

Figure 6: Floor reorganization from original design (left) to optimized design (right)

be isolated from both the mechanical level and the
helipad. The Fetal Care Center was placed below the
NICU for easy transition from delivery to permanent
care.
The family space moved from the podium to Level 2 into
the shell space on the mechanical level, in order for
parents to be closer to their children. For more on the
location of the family center, see Sec. 9.2 for more
details. Additional benefits derived from the central
location of the mechanical level include:


7,000 lb reduction in structural steel, reducing the
cost of structural system by $17,500



402’ decrease in mechanical ductwork, with $30,400
cost savings



143’ reduction of electrical feeders to mechanical
equipment



Easier installment and replacement of mechanical
equipment (see Mechanical Report Sec. 8.2)

keep patients of the Children’s Hospital safe and healthy.
Fusion created an integrated and innovative double skin
façade solution along the North, Northeast, Southeast
and part of the West edges of the patient tower that
reduced the load and energy use (Figure 7). This façade
is part of the team’s high performance enclosure design,
which includes the façade, the helipad, and both the
podium and tower roof.

Figure 7: Facades the double skin is implemented on

7.2.1 Double Skin Façade
To optimize the enclosure, a double skin façade was
implemented to deliver resiliency and high performance.
The final design of the double skin façade and enclosure:



Eliminating the need for carbon filters



Reduced air and water side pressure drop, saving
energy



Reduced the energy load by 45% in the winter and
34% in the summer compared to the Given Design



Installation of mechanical equipment 3-4 weeks
earlier (Construction Report Sec. 8.4)



Increased the tornado resistance of the building



Became a symbol for the hospital with a dynamic
lighting design

With the mechanical level move, extra consideration was
needed for the acoustics and vibrations between the
adjacent floors. In the Fetal Cardiac Care unit on Level 3,
the C-section, C-section shell, and Infant OR were moved
from an area directly above the air handling units to shell
space located above the family center.

7.2 Enclosure
The enclosure of the building is extremely important to
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Energy savings drove the design of the double skin
façade initially, but through integrated and
interdisciplinary input, the facade became a layer of
security for the building against natural disasters, as well
as a symbol for the hospital and surrounding community.
A significant amount of energy is lost through heat
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shown in Figure 9. After a thermal analysis, found in
Mechanical Sec. 7.1.1, Option 3 was selected. This option
provided a more than acceptable temperature gradient
within the façade.
To facilitate cleaning and maintenance in the double skin
without disturbing patients, a three foot wide,
perforated walkway was specified, to allow maintenance
personnel to walk between the two layers of the façade.
In this area, maintenance workers can also access the
wet wall for the patient’s bathroom through removable
panels on the exterior of the inner layer without
disturbing the patient.
Relief Air

OA

Figure 8: Air Flow through the system

transfer through the enclosure and from the energy
contained in the relief air exhausted out of the building.
In the optimized design of the double skin façade, the
relief air is sent through the double skin façade before
being exhausted to the atmosphere, reducing energy
lost by the conduction of heat through the façade and
recapturing the thermal energy in the relief air. Before
sending the air through the façade, relief air travels
through a heat exchanger to transfer thermal energy and
humidity with the incoming outdoor air. The airflow for
the system is shown in Figure 8. From the heat
exchanger air travels through the space in between the
two double skins, generating a milder outdoor condition
on the patient room’s exterior walls. Fusion studied
three options for the relief air path through the
enclosure. Each had different benefits and drawbacks, as
Option 1: Relief Air enters
and exits at each level
Pros:
Best thermal gradient

Level 7

Level 5

Option 2: Relief Air
enters at each level and
exits at the top
Pros:
Good Thermal Gradient

The effect of the increased weight of the double skin
façade on the proposed 2’8” cantilevered slab would
have resulted in excessive deflection of 1.89” at the edge
of the slab, mainly due to torsion of the edge beam. To
address this, the exterior column center line was moved
outward, decreasing the slab cantilever to 1’4”. This
reduced the total deflection at the slap edge to 0.15” to
within acceptable deflection limits. Resizing the slab
overhang was coordinated with the wet wall pipe sleeves
set in the structural bent plate, as shown on Drawing I103.
With the double skin façade there were three options to
provide resistance against tornadic wind loading and
missile impact. An example of the wall makeup can be
seen in Figure 10 with more details on Drawing I-103.
Option 1 has laminated glass for both the exterior
curtain wall and interior insulated glass unit to help
prevent glass from shattering into patient rooms. On the
interior wall, Fusion specified insulated metal panels.
This option costs $78.81/SF in the total façade cost.
Level 7

Level 5

Option 2: Relief Air enters
at the bottom and exits at
the top

Level 7

Level 5

Pros:
Good thermal gradient

Cons:
Louvers on exterior skin
Cons:
Cons:
Level 4
Level 4
Level 4
cause structural integrity
Diffusers conflict with
 Double skins need to
and daylight issues
the beams
extend 3’ below Level 3 to
Diffusers conflict with the
hide the duct run
Acoustic Cross Talk
beams
Exterior Interior
Exterior Interior
Exterior Interior
Acoustic Cross Talk
Figure 9: Air Flow options through the double skin
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Insulated
Metal
Panels
Exterior
3/4”
Laminated
Glass Unit
Interior
3/4”
Laminated
IGU

Figure 10: Option 2 double skin wall make up

Lighting/Electrical Sec. 9.6 for more detail.

All parts of the enclosure are prefabricated in 8’ by 14’
modules in the prefabrication factory (see Sec. 6.3 of the
Construction Report). The facade units will be
transferred in batches twice daily to the site from the
prefabrication factory via truck.
After analysis of the building and review of fire code, the
double skin façade was implemented on four sides of the
Children’s Hospital: North, Northeast, Southeast, and
part of the West. The implementation of the improved
envelope and double skin with an air side economizer
saved 45% in heating energy and 34% in cooling for the
envelope load compared to the Given Design
(Mechanical Report Sec 7.1).

Option 2 (Figure 10) created an EF4 tornado tornadic
wind resistant enclosure by increasing the curtain wall
glass thickness to 3/4”, while increasing the cost to
$82.65/SF.
The final option specified a glass clad polycarbonate IGU
and a 14 ga. steel panel for the metal panel on the
exterior wall, which increases the price to $129.95/SF.
This option is able to best handle the impact and wind
loads from a tornado. For more on the glass design see
the Structural Report Sec. 10.1. Because Omaha has the
second highest mean recurrence interval in the nation
for an EF2 tornado or stronger, this façade design option
minimizes damage to the building, and decreases the
time for the hospital to return to full operation after a
tornado.
Fusion recognizes that the owner ultimately decides
which of the three enclosure options works best for their
budget and vision. The Team recommends Option 2 due
to its value and performance. Option 3 is presented as a
part of the Disaster Enclosure add alternative
(Integration SD-E). Fusion recommends that the owner
selects a façade option early in the design process.
All three options have 10-1/2” mullions spaced 7’ by 8’
to resist tornadic wind loads. These large mullions
provided an opportunity to dynamically light the double
skin and create a unique visual statement for the
Children’s Hospital. The lights installed on the exterior of
the enclosure are individually addressable and can be
programmed to create a dynamic façade (Figure 11), see
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Figure 11: Lighting scheme for the double skin façade

7.2.2 Single Façade
An analysis determined that it was not feasible to
construct the double skin façade on all sides of the
building. The southeast and west sides of the hospital
are in close proximity to the existing buildings with the
narrowest distance only being 3’ apart. The installation
of the double skin would have decreased the space
between the two buildings, causing:


IBC Code issues with fire protection requirements in
Sec. 705. This states the percentage of openings
allowed from an adjacent structures



Decrease in daylight entering the patient room,
especially on the South side



Construction issues, to ensure that the patients in
the existing hospital were not affected by the noise
and activity



A less pleasant view for patients in both buildings

INTEGRATION SUBMITTAL

8

These facades consist of colorful insulated metal panels,
with insulated glass units for the windows. To improve
the patient’s safety during an event of a tornado, the
hospital can choose to pursue the Disaster Enclosure add
alternative, see Integration SD-E.
7.2.3 Helipad
A helipad is located on the roof of the patient tower for
transportation of patients to and from the Children’s
Hospital. The helipad was moved away from the patient
rooms to over the middle of the floor plate in order to
avoid vibration and noise impact on the patients as much
as possible. In the event the National Guard needs to
transport patients during a disaster, the helipad
structure was sized to land a Blackhawk helicopter. To
read about the helipad structure, see Structural Report
Sec. 8.0.
To prevent the helicopter exhaust from accumulating
near the hospital, an innovative exhaust dispersion fan
system was utilized. The fan system serves to both
disperse helicopter fumes and to create negative
pressure in the event of a fire in the double skin air
cavity. The system will activate when a helicopter is
idling on the roof to make sure the fumes do not end up
traveling down the face of the building and into the
intake on Level 2. ( See Mechanical Report Sec. 8.3.4.)
7.2.4 Green Roof
Fusion created a relief area for patients and their
families from the clinical environment within the hospital
podium green roof. The patients and families can walk
around a pathway and sit outside on nice days. The
garden generates visual interest with different plants and
sculptures that are observable from some of the patient
rooms.
To implement the green roof, the structural framing had
to be upgraded to support added soil weight, increasing
the cost by $14,887, which accounts for 6% of the total
$268,000 cost of the green roof. The design did allow for
a reduction of cooling energy due to evaporation. A
rainwater collection system was also designed for the
green and the tower roof to offset 36.1% of the cooling
tower makeup water. See the Mechanical Report Sec.
9.2 for more on the rainwater collection system.
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8.0 Adaptability
The Children’s Hospital was designed to meet the goal of
adaptability through the design of the central plant, as
well as disaster planning and protocols. The two-story
CHP central plant, located adjacent to the podium,
allows for easier access and reduction of mechanical
plenum space within the podium. Comprehensive
disaster planning and protocol recommendations are
identified in the following section.

8.1 Central Plant

Figure 12: New central plant location (Purple) vs. old central
plant location (Blue)

In the Given Design, the main mechanical plant was
located subgrade in Lower Level 5. This location created
major construction and operation/maintenance issues,
as well as a need for large outdoor air ductwork to travel
through the podium in order to supply combustion air
and essential room ventilation. To reduce the ductwork
space in the operating floors, the central plant was
moved to a location adjacent to the podium on the south
side. The central plant was designed to hold a combined
heat and power system which saves the hospital 22% of
it’s yearly energy use and has a mechanical payback of
11 years compared to seperated. For more detail, see
Mechanical Report Sec. 8.1.1.
The central plant location selection went through
multiple iterations, which are summarized on Drawing I108. The final location of the central plant is on the
south end of the podium from Lower Level 3 to Level 1,
as seen in Figure 13. To provide protection from an EF4
tornado, precast concrete wall panels and a concrete
slab on metal deck roof assembly were designed to resist
debris and missile impact. For more on the structural
design, see Structural Drawing S-109.
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The final design of the central plant allowed for:


A 78% reduction of mechanical equipment wiring
length due to its adjacency to the main electrical
room



Earlier installation, allowing for equipment to be
delivered and placed on an independent schedule
throughout the construction process

This option did require reconfiguration of the delivery
route both during and after construction. During
construction the deliveries come off Dodge Street and
turn in before the existing helipad. This delivers supplies
to the storage area without disrupting construction.
Once the structure is completed, the trucks will be able
to back up against the central plant. At the back of the
plant a corridor allows access to the Lower Level 3 bulk
storage, as seen in Drawing I-108.

8.2 Disaster Response and Planning
The Children’s Hospital will be able to respond and adapt
its functions in the event of manmade and natural
disasters and support the surrounding communities. At
any point the hospital can adapt to serve as an
emergency command center and community shelter
while simultaneously meeting the medical demands of
the community.

staff, including the heads of nursing, finance, operations
and other departments. This central location in the
hospital allows the hospital’s administrative staff to
coordinate and run operations of the hospital. The EOC is
made up of convertible spaces in Lower Level 5. The
transformed uses of the different spaces and floor layout
can be seen in Drawing I-109. All mechanical and
electrical systems in the EOC can be switched to 100%
backup power in the event of a utility outage.
8.2.2 Community Storm Shelter
To provide further protection for the hospital
community, a 6,500 SF storm shelter was designed
adjacent to the EOC, as shown in Figure 13. Because the
shelter is located below grade on Lower Level 5,
additional structure to protect against wind and flying
debris is not required. The roof of the shelter, which is
the floor of Lower Level 3, was designed for a live load of
100 PSF as per ICC 500. The mechanical and electrical
systems feeding the shelter are on the critical system.
The shelter serves as a refuge area during a natural
disaster, such as a tornado, and transitions to a
community shelter for displaced community members.
When the shelter is not in use, it functions as a gym for
the Children’s Hospital staff. The area has a gym floor
with free weights and yoga mats that all staff members
are able to use throughout the day (Drawing I-109).
8.3 Mass Causality Operation

Storm
Shelter

Incident
Command

Work Areas
Breakout Areas

Overflow Work Area

Figure 13: Storm Shelter & Emergency Operations Center

8.2.1 Emergency Operations Center
In the event of a disaster, the Emergency Operations
Center will serve as a command point for the hospital

AEI TEAM 02-2018

The Children’s Hospital must be prepared for a mass
causality event in the community. Multiple locations in
the building have been designed to adapt in order to
accept an influx of patients. Family rooms and pre and
post operation rooms can be converted to emergency
patient rooms when necessary. Panels are located on the
headwalls of these rooms that can be removed in times
of emergency to provide vacuum, medical gases, and
emergency power outlets. To process an influx of
patients that cannot be handled by the existing triage, a
triage tent can also be set up in the emergency room
parking lot. Utilities and medical gases hook ups for the
tent are located on the adjacent central plant, and
portable HVAC equipment can be brought from storage
in the hospital to the parking lot when necessary, shown
in Drawing I-110.
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8.2.3 Preparedness Plan

Fusion proposed a disaster and mass causality
preparedness plan for the Children’s Hospital. The plan
consists of the suggested actions for all occupants within
the hospital before, during and after a disaster or mass
causality event. A preparedness plan for different
situations is shown on Drawing I-109. While these plans
establish general criteria, the hospital must determine
specifics such as personnel available to staff the
emergency response team.
The Team outlined potential operation scenarios for the
possible interruption of different utilities and fuel
sources. The Children’s Hospital has sufficient fuel
reserves to operate at 85% of the electric demand load
for 96 hours when electric utility is lost. Loss of natural
gas service reduces the estimated diesel fuel supply to
76 hours when the supplemental boiler is operating in
place of the microturbines. See Drawing I-109, Drawing E
-101 and Drawing M-106 for detailed backup operation
procedures.

The first step to optimize the patient room was to
critically analyze the location of the bathroom in the
Given Design and it’s impact on the daylight in the space
and patient safety . In order to allow the patient to move
on their own to the bathroom, with the support of a
handrail, Fusion developed design iterations that placed
the bathroom door on the headwall of the patient’s bed.
Given the three design iterations and the Given Design
(Drawing I-105), the Team analyzed the daylight levels at
the patient’s bed. This study revealed that the design
iterations with windows directly across from the
patient’s head had the highest daylight levels. After
evaluating these studies, as well as the designs from the
patient’s perspective with the use Revit Live, Option 3,
which placed the patient bathroom on their headwall
door and had a handrail for support from the bed to the
bathroom was selected. As seen in Figure 14, this places
the patient bathroom in the same location as the original
design, but it is accessible from the adjacent room.

11’ Window

9.0 Wellness with a Focus on Occupant Experience
Children’s Hospital mission is to improve the life of every
child, and the occupant’s experience in the hospital is a
top priority. Fusion adopted this mission by focusing on
enhancing the patient experience. This goal was met by
optimizing the patient room and family center through
integrated design and system coordination across all
disciplines.

New Bathroom

Old Bathroom

9.1 Patient Room
By enhancing the patient environment and providing
flexibility to increase the efficiency of care, Fusion
produced a solution that allows the building to assist in
patient healing. Through integrated design, Fusion
designed a space that provides:






Patient safety and security while they move around
the space
Increased natural daylighting
Patient ability to interact with the room via feature
controls
High quality construction
Flexibility for the medical staff to provide care to a
variety of patient needs
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Figure 14: Patient room

While this design optimization did not increase the width
of the windows in the patient room, the next step was to
expand the height of the windows from 6’ to 11’. This
occurred by extending the window sill down to the floor
and raising the ceiling height. This increased the amount
of floor area receiving daylight by 60% from the Given
Design, see Lighting/Electrical Sec. 10.1. To allow for
system coordination, a 9’ ceiling was provided over the
patient bed. Fusion coordinated the air, medical gas, and
electrical distribution systems required in this plenum
space. It was coordinated using a variety of BIM
INTEGRATION SUBMITTAL
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software, including Revit, SketchUp, and Navisworks to
visualize the space requirements in 3D and identify
conflicts (Drawing I-106). These studies led to the
implementation of prefabricated overhead racks in the
patient room and corridor plenum space (Figure 15). This
upfront coordination required a much more highly
detailed and integrated system design to ensure that all
systems fit together on the racks to minimize clashes
during construction. For more on the design and
implementation of the prefabricated rack, see the
Construction Report Sec. 6.2.

Figure 15: Patient Room –Prefabricated Racks
Figure 15: Patient room coordination

The use of prefabricated racks allowed Fusion to
consider two ceiling design options. To increase the
amount of ceiling at 11’, the Team left 9’ ceiling only
around the patient bed. While this was feasible with the
use of prefabricated racks, Fusion was concerned with
the space requirements of future systems that may be
installed in the plenum space and accessibility for
maintenance purposes. A second design was developed
which dropped the ceiling to 9’ from the bathroom to
the corridor and adopted ACT instead of a drywall ceiling
with hatch openings. To keep the room pressurized
without a hard ceiling, the partitions between patient
rooms were extended to meet the underside of the
structural slab. This provided a significant benefit to the
structural design, decreasing the vibration acceleration
rate caused by walking vibrations, as described in the
Structural Report Sec. 6.5. Fusion decided to implement
Option 2, as shown in Drawing I-105.
Due to the location of the patient bathroom in the

AEI TEAM 02-2018

adjacent room, noise transmission though the partition
became a concern. Fusion conducted speech privacy
calculations to specify a partition assembly that ensures
a quiet environment for the patients. The patient
bathroom wall is rated at STC 56 .A study of the noise
transmission into the patient room from US Route 6,
found that the double skin façade provided the required
NC 30 in the patient room as a result of it’s inherent
acoustical properties (Mechanical Report Sec. 11.2 and
Drawing C-103).
To enhance the patient control and interaction with their
environment, Fusion implemented dynamic lighting and
smart technology features that are controllable by the
patient. A moveable touch screen on the opposite wall
from the patient bed can be lowered to allow the patient
to move and physically interact with the screen. The
touch screen is controllable by a tablet when the patient
is in bed. The patient can change the TV screen to display
personal photos or videos, allow the patient to skype in
to classes. They can also connect to their personal
gaming systems allowing them to interact with their
friends while they are in the hospital. A cove fixture inset
above the casework and entertainment system houses a
linear RGBW fixture that is set to provide a customizable
colorful glow in the room as selected by the patient.
The touch display and lighting also allows the medical
staff to efficiently care for the patient. Videos describing
medical procedures can be viewed on the TV screen, and
the tunable lighting fixtures can be set to provide light
levels required for patient examination. For more on the
lighting design of the patient room, see the Lighting/
Electrical Report Sec. 9.1.
Consultation with medical professionals working in a
local world class pediatric facility led to the specification
of the medical boom in lieu of a traditional head wall to
increase the adaptability and efficiency of medical care in
the room. The boom allows the medical staff to adjust
for patients from toddlers to teenagers. While the
medical boom had a $17,000 cost increase per boom
over a traditional headwall, the centralized boom
increased the installation and medical efficiency of the
space (Construction Report Sec. 7.0).
To further increase the quality of construction,
prefabricated bathroom pods were designed to be
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prefabricated in a nearby prefabrication warehouse and
transported to site. For more on the prefabrication plan,
see the Construction Report Sec. 6.1. The installation of
the pod required coordination with the composite steel
framing system to ensure that the slab depression
required for installation did not conflict with the
composite action of the shear studs embedded in the
concrete slab. See Construction Drawing C-105.

9.2 Family Center
As mentioned in Sec 7.1, the family center was relocated
to Level 2 in the shell space adjacent to the green roof
and mechanical room. Moving the family space up
allowed for parents to be closer to their children while
giving them their own space to sleep, relax, cook and do
laundry.
The family center rooms have the infrastructure to
convert to patient rooms in case of a mass casualty
event. Because the infrastructure is already in place, the
family rooms can more easily convert to ICU for future
hospital expansions. To see the layout of the family
center and it’s connection to both the green roof and the
mechanical space, see Drawing I-102.

hallway.

The corridor
design went
through
multiple
iterations in
order
to
enhance the
medical staff’s
field of vision,
Figure 16: Final corridor design
see Drawing I
-107. The final design created a straight hallway,
improving the sight lines for the medical providers, while
also increasing seating at the workstations, as shown in
Figure 16. Since the Children’s Hospital is in affiliation
with the University of Nebraska, an increase in seating at
the desks allows interns to work alongside the medical
professionals. This architectural design change led to the
following engineering benefits:


Cove lighting along the perimeter of the corridor
allows for indirect lighting



Tunable white fixtures were selected in order to
mimic the correlated color temperature (CCT) that
can be found outside throughout the day to connect
the medical staff with the outside, see Lighting/
Electrical Report Sec. 9.3



A decrease in the complexity of the drywall framing
in the hallway, and of linear footage of cove lighting
fixtures



An increase in ease of maintenance for the hallway



An increase in security

10.0 Community to Support the Medical
Providers Mission
Fusion’s goal of enhancing the medical providers’
experience is showcased through the redesign of the
patient hallways and team centers. The lighting and
smart building technology to enhance the caregivers’
experience in the space through improved efficiency and
lighting to regulate their circadian rhythm.

10.1 Corridor Design
After discussions with facility planners, managers, and
medical teams at a highly-rated teaching children’s
hospital, Fusion decided to optimize the patient corridor
in order to assist the medical team in their mission to
deliver better patient care. A primary focus is on
improving upon security from the Given Design. The
Given Design consisted of a saw-toothed corridor layout
that, as seen in Figure 16, could cause blind spots in the
medical staff’s field of vision. The medical staff sitting at
their work stations outside the patient rooms do not
have an unobstructed view to identify individuals in the
AEI TEAM 02-2018

To improve coordination and reduce potential conflicts
between trades in the hallway, Fusion designed
prefabricated overhead racks that hold supply and return
duct runs, medical gas piping, electrical conduit, and
cable trays. The racks are fabricated at Fusion’s
prefabrication factory 8 miles from the project site. More
information on the prefabricated racks can be found in
the Construction Report Sec. 6.2. The racks are 6’ in
length and are lifted into place in the field via an air jack
and scissor lifts. The racks are then connected together
through the various fittings and bolted connections. The
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prefabrication allows for:


Reduced installation time on site



20% reduction in labor cost



Adaptability for future renovations
ceiling

with a lower

10.2 Team Center
The team center is where nurses, doctors, and other
medical staff meet to coordinate and plan patient
treatment. In consultation with a teaching hospital team,
the team identified two main objectives for optimizing
the design of this area: to create a collaborative space
for nurses, doctors, and medical staff, and to streamline
the supply room locations for easier stocking and pick
up. Multiple design options were considered as, outlined
in Drawing I-107.
The Given Design allowed for separation between the
nurses, doctors, and medical staff, but the design did not
allow for an efficient flow between the supply areas and
the team center. One focus of the design, was to create
a more collaborative space for the medical staff to
increase the efficiency of care. The physician’s room was
disassembled and more desks were added into the team
center. This removed the physical barrier between the
different medical staff members. A collaboration desk
was then added in the center of the room for all staff
members to use. This desk was optimized for use at
standing height, so when nurses and doctors are
reviewing charts, they can easily move around and
communicate.

Figure 17: Final team center

A linear square pendant was added above the
collaboration station to provide a source of visual
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interest as well as increased illuminance values at the
work surface. Because this design is more open in
concept, acoustical treatments were provided on the
ceiling and the back of the desks to reduce sound
propagation and provide acoustical privacy (see
Mechanical Sec. 11.3).
The redesign also focused on the supply room locations
and the flow between these areas. Since the physician’s
room was disassembled, there was more space available
for the supply rooms to be placed adjacent to the team
center. The optimized design aligns the medicine,
nourishment, and clean supplies to be easily accessible
and monitored from the team center (Figure 18).

10.3 Smart Building
Wi-Fi Equipment Tracking

OR and Patient Room
Scheduling Software

Patient Room Tags

KanBan Restocking System
RFID Scan in Secure Spaces
Figure 18: Smart building technology in center rendering

As part of the Smart Building add alternative, innovative
features to increase the efficiency of the medical
providers and to monitor the daily performance of the
building were implemented. These features include:


Wi-Fi tracking of equipment



Wi-Fi tracking and alert system for the medical
providers



A KanBan system for efficient restocking of supplies



Scheduling software for operating rooms and
patient rooms



RFID badge scans for restricted medical spaces
(Lighting/Electrical Report Sec. 12.2)



Patient room environmental controls with nurse
override



Temperature and humidity alert system for critical
areas



Map and energy dashboard in the hallways



Security system to keep patients safe

To read more about the smart building technologies see
Integration SD-D.
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process is important to understanding the needs of
the project end user

11.0 Lessons Learned
Fusion worked to create an integrative, state of the art,
critical care hospital in Omaha, Nebraska. By utilizing a
collaborative design process the team learned


Design is not always linear, but iterations and
changes result in innovative and integrated design
solutions



One design change can often cause a ripple effect
throughout the entire design



Communication is the key to working in a
interdisciplinary team. Once open communication is
established then true collaboration begins



Consulting the occupants and clients in the design

FLOOR
ORGANIZATION
The mechanical level
was moved from Level 7
to Level 2 to mitigate
the negative effects of
the helicopter exhaust.
The central location
decreased the amount
of mechanical ductwork,
steel, and electrical
conduit.

CENTRAL PLANT
The central plant was relocated
from the subgrade floor to the
south side of the podium. This
allowed for easier maintenance
and replacement of equipment,
reduction of ductwork through
the podium, and room for
future expansion.



Utilizing building information modeling improves
coordination between disciplines at every stage of
the design and construction process



Knowledge and experience comes from making
mistakes and trying new things

12.0 Conclusion
Through interdisciplinary collaboration, Fusion produced
a patient-centric design that aligned with owner
requirements and the projects goals. In the end, the final
design reduced the energy consumption by 22%
achieving LEED Gold at a final cost of $290.4 million.

CORRIDOR AND
TEAM CENTER
PATIENT ROOM
With integrated
system coordination,
Fusion designed a
patient room that
enhances the
occupant experiences.
Fusion was able to
improve the efficiency
and adaptability of the
space, through the use
of prefabricated
racks and architectural
redesign.

The corridor and team
center was optimized for
improved workflow,
collaboration, and
security for the
Children’s Hospital. In
these spaces and
throughout the hospital,
smart technology was
utilized to assist the day
to day operations of the
medical providers and
facility mangers.

ENCLOSURE
An innovative double
skin façade was
implemented on the
North, Northeast,
Southeast, and West
facades. The design
reduced the total load
of the building by 35%
while also providing
resistance against
tornadic wind loads. The
tornadic mullion design
created an opportunity
for a dynamic lighting
design.

Team Center

DISASTER
Fusion designed a
building and
preparedness plan that is
capable of responding to
disasters and mass
causality events. The
Children’s Hospital
includes spaces that can
convert from normal
operations to an
emergency operation
center, a storm shelter,
and additional patient
rooms during times of
need. The mechanical
and electrical systems
were designed to be able
to operate for minimum
72 hours with no outside
utilization.

Patient Room
Enclosure
Mechanical Level

Central Plant
Disaster

*Ranking of the Project Themes per Integration Point
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SUPPORTING DOCUMENT A

PROJECT SUMMARY

Integration Decision Matrix

Subcommittee Organization

Fusion utilized the decision matrix in design decisions to develop solutions that aligned with the project goals and drivers. This tool
allowed the team to evaluate different options without preference for any one discipline, which is especially important when evaluating
integrated designs. Under each team goal are the team subtopics. Each subtopics was weighted 1-5 by the team based on their
importance to meeting the overarching project goals. For more detail on design iterations please refer to I-105.
FUSION

In addition to regular team meetings and daily intra– and interdisciplinary coordination
subcommittees were formed to address major design points that required further
development. These points of design included the high-performance double skin façade,
disaster preparedness, and smart building technologies. These groups were formed of one
to two members of each discipline and met weekly.
In these meetings, design iterations and details were discussed and evaluated. Each
discipline subcommittee member was responsible for communicating with their discipline
members to work on the related tasks. The subcommittee brought all design iteration and
recommendations to Fusion as a whole in team meetings. For more on the highperformance double skin façade design, see I-103. For more on the disaster preparedness
planning, see I-109. For more on smart building technologies, see SD-D.
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SUPPORTING DOCUMENT B

PROJECT SUMMARY

Team Health and Key Performance Indicators Tracking

Team Design Process

Fusion adopted a three phased design process for the team to
follow throughout the course of Children’s Hospital and Medical
Center project. The team moved through three phases over the

Fusion used a monthly team survey to track key performance indicators of
the team’s collaboration throughout the design process. By looking at the
Monthly Average KPI Scores, Fusion identified at the beginning of the project
that improvements needed to be made in scheduling, planning ahead,
decision making, and visual management due to the complexity of the design
and a need for successful cross discipline communication throughout the
project. The significant increase in these areas was driven by these factors.

INTEGRATION SUPPORTING DOCUMENTS

course of the project; Discover, Design, Develop. At points in the
process, these phases overlapped to complete certain tasks. In
the Design and Develop phases, Fusion adopted a circular
design process of analysis, synthesis,
and evaluation. Maintaining this
iterative design process allowed
collaboration to occur between
disciplines throughout the process.
At some points in the process, teams
cycled between divergent and
convergent processes, allowing the
exploration of many different ideas,
development of a variety of designs,
and the selection of an integrated
solution.
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SUPPORTING DOCUMENT C

PROJECT SUMMARY

Interoperable Software Use
Fusion utilized the programs illustrated below for modeling and transferring
information between all team members. Revit was the central tool for
designs and analysis with team members using their respective software for
further discipline design. Collectively, Fusion used Adobe Creative Cloud to
visually display the developed design.

Digital Pull Planning
Trello is a web-based pull planning to maintain long-term and short-term
schedule to effectively manage each team member’s productivity. In
combination with Google Calendar, which displayed each team
member’s team and individual commitments, the team was able to track

and effectively manage each member’s time. Utilizing a web-based
program for pull planning allowed team members to update their tasks
and consult the schedule outside of the design space. This allowed the
team to organize and plan schedules immediately and constantly.

Workflow Board
Fusion utilized a workflow board to
communicate up to date information on what
each team member was currently working on,
which
facilitate
interdisciplinary
design
coordination that may not typically occur in the
design process. For example, the gravity system
layout design occurs early in the structural
design process, but can have serious
coordination issues with the MEP layouts during
construction. By utilizing Trello, the mechanical
design team was able to identify and notify the
structural design team that they had input to
provide while the structural design team was in
the gravity system design phase, even though
they were not close to detailed duct layout.

INTEGRATION SUPPORTING DOCUMENTS
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SUPPORTING DOCUMENT D

SMART BUILDING

Smart Technology

Building Controls

To improve the efficiency of the staff and increase patient control, Fusion has designed a smart technology add
alternative package for the hospital. The following items are recommended as a part of this package.

To create an energy efficient building that focuses on community and wellness,
system and staff controls were added to the building.

Smart Building
Add Alternative
Optimized
Building Controls

Surface Mounted LED Linear Cove Light
Patients have the ability to change
their lights from their tablet.

Facilities will receive alerts from
temperature and humidity pucks located
in critical spaces with specific
environmental requirements including:

Video Call Capabilities

 Blood Bank Area
 OR Rooms

Wi-Fi Tracking System
for Staff
Wi-Fi tracking is used to
locate staff throughout
the hospital and track
check-ins to patient
rooms. In the case of a
medical code it alerts
the 10 closest qualified
medical providers.

Touch Screen
Television
The television will
have
video
call
capabilities and can
display medical staff
recommended videos
to the patients.

The mechanical
system consists of
Air Handling Units
with a VAV distribution system. This
will provide for
individual control
of each rooms
temperature set
point.

Nurses can use the
scheduling
software to:
 Schedule OR PreConditioning
 Maintain OR
Occupied Set
Points During Set
Use
 Setback OR
Temperature
During UnScheduled Hours

Tablet for Patient Control
Wi-Fi Equipment Tracking
Wi-Fi tracking medical equipment to
save staff time and energy locating it.

Patients will be able to control the room
environment and request staff assistance
from their tablet.

OR and Patient Room
Scheduling Software
Medical
team
members
use
scheduling software to set patient and
OR rooms to unoccupied mode to
save on energy when not in use.

Team Members can use the scheduling
software to:
 Override Patient Controls
 Schedule Patient Room Pre-Conditioning
 Setback OR Temperature During UnScheduled Hours

Patients can
control:
 Temperatu
re Set Point
between
70°F—75°F
 Shading
In the case of a medical code
the smart building system will
page the 10 closest qualified
individuals and drop the HVAC
set point by 3°F to adjust for the
increase of staff in the room.

Patient Room Tags
The tags outside of the patient
rooms will be used to display
basic information and warn
medical staff when it is time to
stop in to the room.

KanBan Restocking System

 Lighting
Color and

RFID Swipe for Secure Spaces

RFID restock cards give the ability for staff to
request to restock prior to the second bin of
items running out.
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SUPPORTING DOCUMENT E

Add Alternatives

Milestone Schedule
The construction design team was able to create a schedule to complete the Children’s Hospital
project in three years and 10 months. Provided above is a milestone schedule of important dates
throughout construction. The design period begins in the second quarter of 2017, and lasts until
the end of the fourth quarter of 2017. Construction begins in the first quarter of 2018 and
continues until the fourth quarter of the 2021. This allows for final completion to occur before the
new year of 2022. The milestone schedule allows the owner a greater overview at the schedule
that Fusion will adhere to during construction.

Cost Packaging Breakdown

$302 M
$299,380,00
$298,090,00

$298 M

FUSION’S
OPTIMIZED DESIGN

SMART BUILDING
TECHNOLOGY

NATURAL
DISASTER FACADE














$294 M

$290 M






$290,430,00



Auger Cast-in-Place
Piles
Cast-in-Place Shear
Walls
Double Skin Façade
Combined Heat and
Power System
Green Roof
Central Air with VAV
Reheat
LED Lighting
N+1 Backup Power
Helipad
Emergency
Operations Center
Medical Boom

$290,430,000











Patient Tablet
Interactive Touch
Monitor
Scheduling Software
Mist asset/
Personnel Tracking
Epic Medical Care
Software
Kan Ban RFID
Dashboards
Skype Cameras
Temperature and
Humidity Sensors
Refrigerator
Monitors

$8,950,000

$286 M
Optimized Design

Smart Building

Natural Disaster Facade
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Missile Impact
Resistant Façade
FEMA Glass Clad
Polycarbonate IGU
14 ga. Steel
Insulated Metal
Panels

$7,660,000

Fusion has provided two add alternates for the
owner. The first add alternate is to provide the
Children’s Hospital with a disaster enclosure based
on the enclosure and disaster challenges. By
providing the glass clad polycarbonate and 14
gauge insulated metal panels, Fusion creates a
missile-impact resistant enclosure. According to
professionals in the healthcare industry, an
intensive care patient room out of commission
creates a loss of $1,000,000 per day. Based off of
the profit loss incurred during a disaster, this add
alternative can be paid off with one patient room
being out of commission for six days. Due to this
short payback period in the event of a disaster,
this add alternate provides added value that out
weights the additional cost, if the owner chooses
to implement this design initially.
The second add alternate is a smart building
design. The smart building add alternate focuses
on three target groups for the use of technology:
the patients, the medical staff, and the facility
managers. This added cost brings an added value
to all users of the hospital through entertainment,
education, and building monitoring.
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CHILDREN’S HOSPITAL
AND
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Typical Patient Tower Floor Plan
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LEVEL 2 FLOOR PLAN

FLOOR REORGANIZATION
Family Center
The family center was relocated to Level 2 to allow
families to be closer to their children and have direct
access to the green roof . The family rooms have the
infrastructure and clearances that allow them to be
converted to ICU in emergency or future use.

Fusion moved the main
Mechanical Floor containing
the for the building from
Level 8 to Level 2, avoiding
helicopter fume entering
the building in the intake air.
This lead to a decreasing in
column sizes, duct run sizes
and length, and electrical
feeder length. For more on
the floor reorganization, see
Sec. 7.1.

Mechanical
Hematology
PICU

CCU
FCC
NICU

Original Design

NICU

Mechanical

Hematology

CCU

Green Roof
Fusion utilized the roof of the podium at Level 2 created
a place for patients and their families to enjoy the
outdoors during their time at Children’s Hospital.
To implement the green roof the structural framing had
to increase to support added soil weight, which
increased the cost by $14,887, 6% of the total cost of
$268,000 for the green roof. The design did allow for a
decrease in the amount of insulation due to the thermal
mass of the soil. A rainwater collection system was
utilized to offset 30% of the cooling tower makeup see
Drawing M-108.
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Optimized Design
Growing Material

Hematology

Filter Fabric

CCU

Drainage Mat

PICU

Root Barrier

NICU

Insulation

FCC

Waterproofing

Mechanical
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FAMILY CENTER AND GREEN ROOF

Concrete Slab on Metal Deck
Roof Drain
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IMPACT RESISTANCE ROOF

GLASS OPTIONS
1

2

Sika Sarnafil G410 PVC Membrane 1
Sika Sarnafil Sarnacol 2170

3

Georgia-Pacific Gypsum DensDeck 2

1

Insulation Adhesive
4

2

Insulation 3

3

Insulation Adhesive
4” Concrete Slab on Metal Deck 4
with #4 @ 12” O.C. Each Way

4

THROUGH PIPE COORDINATION
Option 1
3/8” Glass

1” IGU

3/16” Glass

1/4” Glass

Lamination

Lamination

3/16” Glass

SNX 62/67
1/2” Air Gap

Insulated Metal Panels
1

Lightweight Stud Frame

2

22 ga. Steel

3

Insulation

4

22 ga. Steel

The effect of the increased weight of the double skin façade
on the proposed 2’8” cantilevered slab would have resulted in
excessive deflection of 1.89” at the edge of the slab, mainly
due to torsion of the edge beam. To address this, the exterior
column center line was moved outward, decreasing the slab
cantilevered to 1’4”. This reduced the deflection 0.15” to
within acceptable deflection limits. Resizing the slab overhang
was coordinated with the wet wall pipe sleeves set in the
structural bent plate. The wet wall holds waste, vent, hot
water, cold water, and recirculating hot water risers for all of
the plumbing fixtures within the patient room.

3/8” Glass

IS 20 Coating

Option 2
3/4” Glass

1” IGU

3/8” Glass

1/4” Glass

Lamination

Lamination

3/8” Glass

Insulated Metal Panels
1

Lightweight Stud Frame

SNX 62/67

2

22 ga. Steel

1/2” Air Gap

3

Insulation

4

22 ga. Steel

DAYLIGHT STUDY

3/8” Glass
IS 20 Coating

0%

Option 3

25%

3/4” Glass

Glass Clad Polycarbonate

3/8” Glass

1/4” Glass

Lamination

5/8” Polycarbonate

3/8” Glass

1/8” Annealed Glass

SNX 62/67

Insulated Metal Panels

PROJECT

50%

1

Double Lightweight Stud Frame

75%

2

2 Layers of Cement Fiberboard

100%

3

OMAHA, NEBRASKA

Insulation
SHEET TITLE

1/2” Air Gap
3/8” Glass
Lamination
PET Sheet
IS 20 Coating

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

4

DOUBLE SKIN FAÇADE

14 ga. Steel
The figure shows the daylight autonomy for the final patient room design
with the 11’ window and a double skin façade. The colors represent the
percentage of occupied hours greater than 490 lux. See Lighting/
Electrical SD-E for comparisons of daylight for all design iterations.
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FAÇADE CONNECTION DETAILS
Louvres
The façade connects to the
roof at Level 8 with a 5’
parapet to comply with fire
code. A series of louvers and
dampers are attached to the
interior skin. These louvers
allow the relief air to be
exhausted out of the double
skin. Dampers ensure that
water and outside air does
not enter the double skin.

Dampers

The diagram below shows the airflow paths of the relief and outside air. In normal mode the relief air travels
through a 66% effective heat exchanger and then travels through the double skin to condition the 3’ air
cavity. There are different paths for the air flow during heating season, cooling season, and fire conditions,
see Drawing M-102 for more detailed explanation.

Temperature Analysis

10 1/2”
Mullion
Relief air exits through louvers on the
parapet during normal operations

Figure 1

Figure 2 depicts a typical
connection detail at each
floor to the double skin
façade. For more detail on
the structural connection
detail, see S-108.

Through Pipe
Penetration

Roof

Thermal
Insulation
Material

Level 6

Insulated
Metal
Panel
Figure 2

At Level 3, ductwork runs
through the bottom of the
façade to evenly supply the
air. There are dampers
connected at the bottom for
the fire mode of the façade.
See Drawing M-110.

DOUBLE SKIN CFD ANALYSIS

AIR FLOW THROUGH THE DOUBLE SKIN

Continuous
Closure
Flashing

Level 7

Level 5
Level 4
Cooling Coil

Relief air enters
the double
skin facade
below Level 3

Figure 3

Relief Air to
DSF

Level 3

Velocity Analysis
Supply Air

Final Filter
Heating Coil

Preheat Coil
Grated Walkway

The temperature gradient for the design day off –6o F is shown above. Through
the double skin the temperature varies about 10o F during the heating season. To
see a more detailed calculations see Drawing M-102.

Filter

Outside Air
Intake

Fan

Damper

Relief Air
Heat Exchanger
Level 2

As shown in the analysis above, air enters at .95 ft/s and increasing in velocity
around the pressure outlet at 1.053 ft/s.

Dampers
For Fire

FAÇADE LIGHTING DETAILS
Traxon Mesh RGB
This is used to light the double
skin façade on the tower. The
lighting fixture is mounted to
the outside surface of the 10
1/2” mullions to create a
dynamic lighting effect that can
be programed to change colors
per DMX control.

PROJECT
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DOUBLE SKIN FAÇADE
Iguzzini Trick 360 LIGHTBLADE EFFECT
This is used to light the double skin façade on the tower. The lighting
fixture is mounted to the outside surface of the 10 1/2” mullions to
create a dynamic lighting effect that can be programed to change colors
per DMX control.
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PATIENT ROOM DESIGN

Increased Window Size

Structural Bay Framing

Given Patient Room Design

Fusion increased the height of the window in
the patient room from 6’ to 11’. The window
extends from floor to ceiling giving the patient
views to the outdoor This connection to the
outdoors is important to the patient’s healing.

The decreased plenum space in the 11’ ceiling
required strict structural size coordination.
Smaller beam depths were achieved by utilizing
a composite framing system. This kept both the
spandrel beam and infill beams within the
smaller plenum space.

The design team’s first step to achieve a high
quality patient experience was to look at the
configuration of the patient room. The given
design placed the door of the bathroom on the
footwall of the patient and on the outboard wall.
Fusion worked to increase the daylight and
patient security through various design
iterations.

CEILING DESIGN ITERATIONS
Given Design
In the original design, the ceiling
height was 9’ in the patient room,
allowing 5’ of plenum space. This
gave lots of room to coordinate
systems, but limited the height of
the window.

Bathroom Design
Fusion retained the spatial organization of the
given design, but moved the bathroom door
to the headwall. This put the patient
bathroom on the opposite side of the room,
and allows for patients to use the support of
the handrail when walking to the bathroom.
See the design iterations below.

Ceiling Heights
To match the increased window height, the
ceiling in the family area was raised to 11’.
The ceiling over the patient bed and nurses’
area remained at 9’ to allow for system
coordination in the plenum space.

Option 1
In the first design iteration, Fusion
kept the 9’ ceiling only around the
patient bed. This allowed the team
to raise the ceiling and the
window to 11’ in the rest of the
room.
Advanced
systems
coordination was required using
prefabricated overhead racks, but
there was little room for installing
future systems in the 9’ space.

Option 2—Final Design
The final design option raised the
ceiling to 11’ in the family zone to
open the space and raise the
window height, but the 9’ ceiling
remained in the rest of the patient
room. With the use of the
prefabricated overhead racks, this
gave room for current and future
system coordination in this space.

Patient Room Acoustics
Fusion retained the spatial organization of the given
design, but moved the bathroom door to the headwall.
While conventional the layout provides a better patient
experience. See acoustical analysis for this wall in Sec.
11.2 of the Mechanical Report.

PATIENT ROOM DESIGN ITERATIONS
Given Design
This bathroom layout
placed the door to the
patient bedroom on the
footwall, limiting patient’s
ability to walk on their
own to use the bathroom.
Patients have a direct
visual connection to the
window and the family
zone directly adjacent.

For more on the patient room layout design, see Sec. 9.1.

Option 1
The design team rotated
the
bathroom
180°,
increasing the width of the
windows from 8’ to 12’.
This created some conflicts
with
the
clearances
required to move the
patient bed. The patient
bathroom door is still on
the
footwall,
limiting
patient’s ability to walk on
their
own
to
the
bathroom.

Option 2
Flipping the bathroom
location placed the door to
the patient bathroom on
the headwall, allowing the
patient to use the wall as
support when walking on
their
own
to
the
bathroom. Placing the
bathroom adjacent to the
bed significantly restricted
the view angle to the
window and the family
zone.

Option 3—
Final Design
Fusion optimized the patient
room layout by not moving
the original location of the
bathroom
and
instead
relocating the entrance. This
puts the patient bathroom in
the adjacent room and their
entrance to the headwall,
without restricting visual
sightlines to the window or
the family zone.
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Color Legend:

PATIENT ROOM DESIGN

Electrical Runs
Prefabricated Racks
Supply Air

Prefabricated Racks
After clash detection highlighted significant
coordination
requirements,
prefabricated
overhead racks were implemented to allow for
easier installation of the distribution systems,
including supply air, return, exhaust, and medical
gas.

Exhaust Air
Return Air
Medical Gas

PREFABRICATED RACKS
Plenum space racks were designed to contained mechanical, electrical, telecommunications, and medical components. The distribution systems on the racks and
the systems surrounding the racks were coordinated with all discipline teams early in the design process to provide maximum integration. After initial designs,
the construction design team putted the Revit model into Navisworks Manage to determine any clashes between systems. Because there were clashes found in
the original design, the discipline teams had to redesign the plenum space to create the final optimized design. Through the integrated design, the racks
minimize the amount of plenum space utilized by all of the components. By prefabricating the racks, the Construction Design Team decreased the amount of
labor in the field, due to one installation containing all components.

Medical Boom
Structure
Fire Protection

Patient Room Overhead Rack

Hallway Rack

NAVISWORKS CLASH DETECTION
Mechanical Supply and Structural Framing Clash
The mechanical supply duct
failed
to
run
without
interfering with the structural
framing. Because structural
framing has priority, the supply
duct was moved to the other
side of the beam to avoid
conflicting.

PROJECT

Medical Boom

Prefabricated Bathrooms

The headwall design was replaced by a
medical boom housing the med gas, vacuum,
and monitor, giving greater flexibility to the
medical provider in the patient room. The
installation required a dedicated structural
support system that attached to the concrete
slab on deck.

The prefabricated bathroom pods, fabricated
in the prefabrication warehouse, increase the
safety and quality of the bathroom
construction by completing the work off site.

Electrical Conduit and Structural Framing Clash
The
electrical
conduit in the
hallway failed to
run under the
beam
clearance
and fireproofing
allowance.
The
cable tray and
conduit
were
lowered in the
ceiling plenum.
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TEAM CENTER DESIGN ITERATIONS

CORRIDOR DESIGN ITERATIONS
Given Design

Given Design
Pro

Con

Pro

Con

Medicine is safe and monitored

Physicians are separated from team center

Only one seat for staff at charting
area

Physicians have their own space

All areas are exterior to team center,
increase walking

Saw tooth hallway breaks up
linear hallway

Pass-through supply controls
allows for convenient access

Clean supply and nourishment are on same
wall, increasing nurses efficiency to grab
supplies

Possible infection control issues
at pass-through supply closet

Soiled hold is on the outside wall, opposite
of clean equipment

Option 1

Option 1—Final Design
Pro

Con

Medicine is safe and monitored

Physicians can be distracted by commotion
in the hallway

Pro
Replacing doors with sliders
allows for unobstructed view of
patient

Clean equipment is located in the same area
as nourishment, tube priming and meds
increasing nurses efficiency
Collaboration Station

Con
Supply closet protrudes in to
hallway

Removed pass-through supply
closet for infection control
Space at charting desk for two
staff members

Soiled hold is on outside wall
Physicians and nurses are in same area for
increased communication
Two doors to clean supply for ease of access
from both hallways
Added collaboration station for more team
work

Saw tooth hallway breaks up
linear hallway

Option 2—Final Design
Pro
Replacing doors with sliders
allows for unobstructed view of
patient

Option 2
Pro

Con

Soiled hold is on the outside wall, opposite
of clean equipment

Medicine is less closely monitored

Removed pass-through supply
closet for infection control

Physicians and nurses are in same area for
increased communication

No access to clean supply on the other
hallway

Space at charting desk for two
staff members

Two doors to med and tube prep – for ease
of access from both hallways
Row of desk separated from team center
provides some seclusion from distractions

Con
Supply closet is same size as
before, but serves two rooms

Linear hallways provides less
obstructions equipment carts

PROJECT

Option 3
Pro
Soiled hold is on the outside wall, opposite
of clean equipment
Physicians and nurses are in same area for
increased communication
Two doors to med and tube prep – for ease
of access from both hallways
Row of desk separated from team center
provides some seclusion from distractions
Clean equipment is in same wall as other
supplies to increase nurses efficiency

Con
Medicine is less closely monitored

FINAL CORRIDOR
DESIGN
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CENTRAL PLANT LOCATION

Option 1
The central plant is raised off grade from Lower Level 1 to
Level 2 to allow for delivery trucks to pull right up to the
storage area at the back of the podium. The column lines were
placed in-between the four delivery trucks to not disrupt the
route. After further analysis some concerns were:

Level 8

Plumbing pipes running in the soffit under the central plant
had the potential to freeze in the winter

Level 5





Level 7
Level 6

Level 4

Cooling towers on top of the central plant caused an
unpleasant view from the green roof

Level 3

Cooling Tower

Level 2

Option 2
After analyzing Option 1, the central plant was moved down a
level. The central plant on Lower Level 3 helped negate the
concerns by:
Mitigating pipe freezing potential by having the pipes run
underground
 Minimizing the view of the cooling towers from the green
roof
The move down made it necessary for a slight rerouting for
deliveries. Delivery vehicles back into loading area along
Dodge Street. Overhead doors provide access for staging area
which connects to the storage rooms in the podium.

Level 4
Level 3
Level 2

Lower Level 1

Lower Level 1

Lower Level 3

Lower Level 3

CENTRAL PLANT LOCATION

CENTRAL PLANT
LAYOUT

Fusion went through multiple iterations to move the central plant from the
Lower Level 5 to a more accessible area. This included looking into placing it in
the new parking deck, and different sides of the podium. Ultimately it was
decided the south side of the podium was optimum area for:

Chillers:



Ease of access for construction and maintenance

2-400 ton electric chillers



Reduction of ductwork for outdoor air

1-400 absorption chiller



Additional space for future expansion

Microturbines:
1-1000kW

CENTRAL PLANT SCHEDULE

Level 5

Level 1

Delivery Entrance

Back up
Electrical
Room

Level 6

Cooling Tower

Main Electrical Room

The central plant was laid out to allow for
future expansion of the Children’s
Hospital. The plant has room for an
additional chiller and microtrubine. The
generators were located at the end of the
plant to allow for close proximity to the
diesel tank located in the adjacent
parking structure.

Level 7



Level 1

Plumbing was located on the underside
of the plant

Level 8

1-800 kW

In the Central Plant, a combined heat and power (CHP) system is designed to
run the hospital. Utilizing CHP technology, saved the hospital $720,000 a year
in utility cost and helped decrease the total energy of the hospital by 68%. In
events of a disaster the CHP system can provide 100% back up.

Generators:

Pumps
6

3-1500 kW Generators

Generator Room:
Boilers
2 3800 MBH

The generators are located in a
separate room as required by
NFPA 110.

The Central Plant is not along the critical path of construction and has a duration of 190 days.
PROJECT
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Storage & Delivery
Hallway
A hallway adjacent to a storage area
to allow for deliveries to be transported indoors through the extreme
weather.

OMAHA, NEBRASKA
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Unloading Area
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DISASTER OPERATIONAL PLAN

EMERGENCY OPERATION CENTER

Façade Assembly Storage

Fusion created a high level disaster
response plan. The plan went
through different scenarios of
system damage and utility outage.
The flow diagram shows the
Children’s Hospital is able to
continue operating after a disaster.
The final decision on operation
capabilities will have to be made be
the hospital’s professional staff.

Lower Level 5 converts to an Emergency Operation Center and
a the storm shelter, which can hold up to 600 people during a
tornado and recovery period.

Glass storage area for extra supplies for
replacement needs due to storm
damage

Storm Shelter
Functions as a multiuse fitness area during
normal operations

Incident Command
Center
The conference rooms converts
during emergency operations

Exit Stairs
Bathroom &
Locker Rooms

Emergency
Electrical
Rooms

Work Areas
Work Stations convert to
work areas

OPERATIONAL PLAN
No
Normal
No
No
Natural
Operations Natural Gas Electricity
Gas, Diesel


Natural Gas Utility




Diesel Supply





Electric Utility

Equipment

Patient Service

CHP Engines
Diesel Generator
Cooling Tower
Critical AHU Fans
Non-Critical AHU Fans
Backup Boiler
Electric Chillers
MRI Chiller
OR Chiller
Absorption Chiller
MRI
Critical Power Receptacles
Life Safety
Lighting
General Receptacles
Room Pressurization
Data Servers
OR Cooling

Non-Medical
Support

Kitchen Refrigeration
Family Area
EOC

No
Utilities

No
Electricity,
Diesel

No
Utilities,
Limited
Diesel








-

The table shows a summary
of mechanical equipment,
the patient services, and
non-medical support, which
can remain operational
during different scenarios,
such as loss of electricity.
The green represent full use
of the equipment while red
represents the shut down of
equipment. The yellow
shows degradation of the
service. Hospital staff will
have to make a case by case
decision on the need for the
specific equipment. See
Mechanical Sec 8.1.1.2 &
Electrical Sec. 7.4.

Break Out Areas

Overflow Work Area

Private offices function as offices and
breakout areas during emergencies

The staff lounge gives an additional area for people
to work and coordinate during the emergency
operations

PROJECT
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Day to Day Use
During the normal operations the storm
shelter functions as a multifunction fitness
center. The uses include free weights,
yoga, and aerobic exercises miscellaneous
equipment that does not block the space.

Storm Shelter
The storm shelter can protect occupants
during a tornado. The occupancy of storm
shelter is 600 based off on the 6,094 SF
area, a 50% reduction based on the three
means of egress.
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MASS CASUALTY PREPAREDNESS PLAN

DUAL FUNCTIONALITY SPACES

A high level mass casualty plan was made for the Children’s Hospital. It includes:






A triage tent located between the ER entrance and central
Pre and post op rooms and family rooms on Lower Level 1, Level 1, and Level 2 easily convert to
patient rooms

Family Rooms

A suggested course of action for the hospital

In a case of a mass causality event
the parents would be asked to join
their children.

Pre/Post Operating Rooms

These rooms are equipped with
medical gases and critical power for
quick conversion to emergency
patient rooms.

Through the scheduling software, explained
on SD-D, if a pre/post op room is vacant for a
critical surgery, the room will be used to hold
and treat patients during the mass causality
event.
These rooms are located on Lower Level 1
and Level 1 in the emergency and operating
departments.
Level 2

Short Term Stay
Vacant short term stay rooms located on
Level 1 and Lower Level 1 can be converted,
during a mass causality event. Similar to the
pre/post op rooms can be controlled through
the software mentioned in SD-D.

Triage Connections
Level 1

Medical
gas,
electrical,
and
mechanical connections for the
triage tent are locked along the
central plant wall.

PROJECT
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Triage Tent
OMAHA, NEBRASKA

A portable triage tent can be installed
in the parking lot adjacent to the
emergency center and central plant,
while still maintaining access to the
ER. A 8,300 SF area can hold a forty
bed triage tent when necessary.
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STRUCTURAL EXECUTIVE SUMMARY
For the 2018 AEI Student Design Competition, Fusion worked as a multi-disciplinary team to create a center of wellness that adapts
to the changing needs of the Children’s Hospital and Medical Center community. Fusion worked in a collaborative manner between
all disciplines to deliver a final design which emphasizes the project goals of ADAPTABILITY, WELLNESS,, COMMUNITY,, and
INTEGRATION.. The structural design team addressed and resolved the project challenges through iterative design processes and
cross-discipline coordination.

CONCRETE CIP SHEAR WALLS

HELIPAD DESIGN

COMPOSITE FRAMING

The structural design team selected
a cast-in-place concrete shear wall
system in a combination of 18” and
12” walls that create an efficient
section while minimizing building
drift. The system is comprised of
major circulation elements that may
remain in the same location
throughout the life of the building.

The helipad at the top of the tower
roof was designed to accommodate
larger aircrafts for emergency or
future conditions. Its location was
selected to minimize impacts on the
patient rooms.

In the gravity system design, a
composite beam system allowed the
structural design team to use
smaller depth sections, increasing
coordination with MEP systems.
Optimization of the composite steel
system allowed Fusion to meet
integrated cost and schedule goals.

PATIENT ROOM OPTIMIZATION

HIGH-PERFORMANCE FAÇADE

AUGER CIP PILE FOUNDATION

Due to the sensitivity of patients and
medical equipment, vibration analysis
was performed for walking vibration
criteria. The final bay design was well
under vibration limits, assuring that
patients will have a higher level of
comfort .

The integrated design of the double
skin façade led the structural design
team to engineer the high
performing structural elements in
order to maintain architectural
aesthetic,
optimize
MEP
performance, and provide an
economical design.

Due to the sensitivity to vibration of
the adjacent hospital buildings and
to minimize differential settlement,
Fusion selected a auger cast-in-place
pier deep foundation system in
conjunction
with
concrete
foundation walls and a basement
slab-on-grade.
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By working together and incorporating interdisciplinary
communication and solutions, Fusion has created a
design solution for the Children’s Hospital that is greater
than the sum of its parts. The team understands the
limitations of the cost and timeline of this project, and
worked together to present a solution that provides an
efficient and economical design for the owner. The
structural team worked closely with the other disciplines
to develop a high performance façade that met tornadic
loading requirements while also providing a visual icon
for the community.

10.0 Building Enclosure Design
11.0 Lessons Learned
12.0 Conclusion

1.0 Project Introduction
The Children’s Hospital and Medical Center is a proposed
pediatric and neonatal care center addition to the
medical campus in Omaha, Nebraska. It is a 390,000 SF
addition to the hospital, including a subgrade level, three
-story podium, six story tower, and roof helipad. The
hospital addition faces Route 6, a major east-west road
in Omaha. The addition is situated in-between the
existing Children’s Hospital and the Specialty Pediatric
Hospital and, for the purposes of the competition
project, does not connect to these existing buildings.
Fusion has worked to design a solution that works hand
in hand with the goals of the medical staff, the patients,
and their families to provide world-class pediatric care to
the community of Omaha.

2.0 Team Mission
Through a collaborative team dynamic, Fusion delivered
a state of the art medical center in line with the
Children’s Hospital and Medical Center’s mission. The
building facilitates exceptional clinical care to improve
the life of every child. With a multi-disciplinary and
integrative approach, the Team created a center of
wellness that adapts to the changing needs of the
hospital community.

AEI TEAM 02-2018

Adaptability for a Better Future
Fusion’s goal is to provide the clients with a solution that
meets not only their current requirements, but their
future needs as well. Fusion’s structural team designed a
system that allows the hospital to adapt to changes in
care over the life of the building and change the
architectural layout of the floors by minimizing shear
walls and column interference. Fusion selected a floor
slab system that allows for future penetrations to be
made to run future medical and treatment technology
through the building. The structural design team has also
provided a solution that can adapt to unexpected natural
and manmade disasters, including EF4 tornados, mass
casualty events, and community wide displacement. To
meet emergency conditions resulting in an increased
occupant load, the floor plate is designed for 150% of the
load required by code in specific areas. Fusion selected
an enclosure that will resist debris missile impact and
wind pressures at 250 mph wind speeds, allowing the
hospital to shelter in place instead of risking moving
patients under critical care.

Wellness
As a design and construction team, Fusion believes that
the building has just as much responsibility to heal its
occupants as the medical staff does. To meet the goal of
improving the life of every child through exceptional
clinical care, the team designed a solution to enhance
the experience of the occupants in a way that makes
their work and their lives more fulfilling and healthy. The
STRUCTURAL SUBMITTAL 32

structural system was designed to meet a stringent
walking vibration limit of 0.5% the acceleration of
gravity, levels that will limit distinctly perceptible
vibrations from disturbing the patients. Fusion
maximized the daylighting in the patient room by limiting
the depth of the floor structure to 30”, allowing floor to
ceiling windows to extend to 11’.

Community for the Support of the Hospital Staff
Our team recognized the potential lasting impact the
project can have on the community of Omaha. Fusion
selected a structural system that minimized the duration
of construction, thus minimizing the impact on the
hospital community. Fusion designed a lateral system
and selected an enclosure that can withstand wind
loading at 250 mph winds and resist missile impact by
airborne debris, allowing the hospital to maintain its
structural integrity and remain operational after a
natural disaster, while also protecting the well-being of
the building occupants.

was designed as a non-composite steel system with 4”
NWC on 2VLI16 metal deck. The enclosure design
included a missile impact resistant 14 ga. metal panel
system and a 4” reinforced concrete on 2VLI16 metal
deck roofing assembly. As a part of the Disaster
Enclosure add alternative package, the glass assembly on
the interior of the double skin façade, as well as the
facades without the double skin façade, is SD-TH600 with
Tor Gard NBR2, a glass clad polycarbonate glazing that is
missile impact resistant. The double skin curtain wall is a
¾” laminated monolithic glass with 10-1/2” vertical and
horizontal mullions.

5.0 Design Codes and Standards
The structural team designed the Children’s Hospital and
Medical Center in accordance with the following design
codes and standards.
· IBC 2012
· ASCE 7-10

4.0 Building Structure Overview

· ACE 318-11

The gravity system for the podium and tower of the
Children’s Hospital was designed as a composite steel
gravity system with a 4-1/2” NWC on 2VLI16 metal deck.
A combination of 12” and 18” thick cast-in-place
concrete shear walls act as the main lateral force
resisting system to control lateral deflections due to
wind loads. Fusion designed a concrete foundation wall
and slab-on-grade system with a auger cast-in-place pier
deep foundations to supports column loads. The helipad

· AISC Steel Design Guide 11 and 22
· ICC 500
· FEMA 361
· USDOT FAA Advisory Circular 150/5390-2C
In an effort to most effectively achieve the project goals,
Fusion’s structural team designed to exceed codespecified minimums in numerous design aspects.

5.1 Fire Protection
Before the consideration of the structural system, Fusion
determined the construction type to be 1A in
accordance with IBC 2012, fire ratings can be found in
Drawing S-103. These requirements drove the thickness
and type of concrete slab on deck design.

5.2 Design and Analysis Software

Figure 01: Structural system design for Children’s
Hospital and Medical Center
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The structural design team utilized commercially
available structural software to validate hand
calculations and optimize the structural system
throughout the design of the project. A combination of
RAM Structural System, ETABS, sP Column and Excel
were used. The structural design team encountered
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some limitations using RAM Structural System when
verifying uplift loading on the structure. These
limitations and solutions will be discussed later in this
report. For more on the integrated software use in
analysis see Structural SD-A.

Table 1: Fusion’s Integrative Gravity Design Goals
Team Goals

Adaptability

6.0 Gravity System Design
The structural design team selected a composite steel
framing system to meet Fusion’s goals for the gravity
system solution. The steel framing system on a typical
patient floor follows a 32’ by 32’ grid with two infill
beams, typically W18x40 with 18 studs. Utilizing
composite action with the 4-1/2” NWC 2VLI16 metal
deck allowed Fusion to use shallower sections. This bay
configuration meets vibration criteria at 0.458% the
acceleration of gravity, which is much lower than the
walking vibration limit of 0.5%. Column sections varied
between W14x43 at the roof level to W14x257,
achieving an efficient demand-capacity ratio of 70-90%.
Higher loading from the green roof design required the
structural design team to increase the beam sizing at
that location. Fusion’s goals and criteria for the
structural design and how the design above met each of
the goals is described below.

6.1 Gravity System Goals
Fusion set criteria beyond industry standards to meet
the design goals set forth by the team. Table 1 shows
how the gravity system criteria met Fusion’s goals.

6.2 Loads
Gravity loads were determined based on the use of each
space according to IBC 2012 and ASCE 7-10. For a visual
breakdown of loading by location, see Figure 1. To allow
for flexibility of the space and to account for unspecified
storage requirements, the largest live load of the spaces
in the core was chosen for the entire core space of 80
psf (outside of patient rooms). For spaces outside of the
corridor, such as offices and conference rooms, the
selected design load is 60% greater that the codespecified live load to accommodate for overloading in
the event of a disaster. Fusion also selected a bay on
each patient floor to account for future special
equipment loading equivalent to an MRI.

Structural Team Goals
Increased loading for
disaster event

Floor plate design for
150% capacity in flexible
spaces

Flexible floor plan for
growth and changes in
use

Minimize number of
columns

Minimize floor
vibration

Bays meets walking
vibration criteria of 0.5%
acceleration

Increase daylighting

Structural system at
exterior edge limited to
30”

Roof garden and
therapy space

Handle increased loading
to support landscape
design

Minimize building
impact in construction
duration

Decrease schedule for
structural system by 15%

Efficient design /
sustainability

Minimize pounds of steel
per square foot

Interdisciplinary
coordination

Eliminate clashes with
MEP and optimized
system layout

Wellness

Community

Integration

Structural Criteria

6.3 Gravity Design Progression
A decision made early in the design process was to move
the mechanical floor containing the air handling units
from Level 7 to Level 2. The structural team determined
that the move would have beneficial effects on the cost
of the gravity system by allowing the team to decrease
the column sizes from Level 2 to Level 8. By moving the
mechanical floor to Level 2, Fusion decreased the cost of
steel in the gravity system by $17,500. The move also

Patient Room Load (40 psf)
Corridor Load (80 psf)
Special Equipment (Future) Load
Figure 1: Breakdown of loading by location
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allowed for easier installation and replacement of air
handling units on Level 2. For more benefits and
drawbacks that came from this design decision, please
refer to the Integration Report Sec. 7.1.

Fusion decided to maximize the ceiling height at the
exterior edge of the patient rooms to 11’ to allow for
larger windows and increased daylighting in the patient
rooms. This limited the girder depth at the edge of the
floor plate to 24”, allowing space for lighting systems in
the ceiling space as well (Figure 2).

Table 2: Alternative Gravity Systems Comparison
Concrete Flat Plate System
Benefits






Trade Offs

Low vibrations
Cost effective
Flexible grid layout
Shallow depth





Goals

Wellness
Long schedule
Reduced column
spacing
Requires large
column size

Concrete Flat Plate with Drop Panels
Benefits





Trade Offs

Low vibrations
Cost effective
Flexible grid layout





Goals

Wellness
Long schedule
Reduced column Adaptability
spacing
Thicker slab,
larger weight

Non-composite Steel System
Benefits





Trade Offs

Accommodate change
in floor plan and
penetrations
Minimize construction
schedule
Larger bay sizes




Goals

Wellness
Require careful
vibration analysis Adaptability
for optimization
Deeper system

Composite Steel System

Benefits

Figure 2: Plenum space coordination



When selecting a gravity system, the structural design
team considered a variety of systems which would best
meet the team goals with the least number of
drawbacks. The alternative systems table on Drawing S101 gives a complete list of all the systems considered.



The structural team conceptually designed a typical
tower floor in composite steel, non-composite steel, flat
Steel Column Location
Additional Concrete Column Locations

Figure 3: Compared to a steel system, a concrete system
would require 1.5-2 times as many columns
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Smaller beam and
column sizes
Accommodate change
in floor plan and
penetrations
Minimize construction
schedule
Larger bay sizes

Trade Offs




Goals

Wellness
Require careful
vibration analysis Adaptability
for optimization Integration
Deeper system

plate concrete slab, and concrete flat plate slab with
drop panels. See Table 2 for the benefits and drawbacks
for each design as identified by Fusion.
Fusion compared these designs and found a concrete
system would not handle the original designs 32’ by 32’
bays without an increase in column and slab depth. Both
concrete systems required 1.5-2 times the number of
columns as required by the steel systems (Figure 3). The
steel systems allowed for future through slab
penetrations. The concrete system was more cost
effective than the steel system, 35% less than the cost of
steel gravity framing. This does not include the cost of
larger foundations to account for the higher weight of a
concrete system. The steel system allowed a decrease in
the construction schedule of 8 weeks. Due to the large
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floor to floor height in the building, the steel systems can
still accommodate other systems, even though it is
deeper than the concrete systems.
To meet the structural goals, Fusion selected a
composite steel gravity system to develop into the full
gravity system design.

6.4 Design Optimization
In the progression of the gravity system design, the
limiting factors for the steel system were identified. In
order to achieve a 2-hour fire rating between the floors,
a 2VLI16 composite metal deck with 4.5” of normal
weight concrete with a f’c of 5,000 PSI was selected.
Fusion chose a metal deck and beam spacing such that
temporary shoring is not required under construction
loading. 3-1/2” long, 3/4” diameter steel studs were
designed.
The structural team laid out a 32’ by 32’ grid on the floor
plan, based on the nominal patient room and adjacent
corridor size of 16’ by 32’. The large bay size minimizes
columns in key areas of the support space, such as
teaming centers and rehabilitation areas. To
accommodate the angle of the floor plate on the
northeast edge, the structural grid rotates 62° to
continue the 32’ by 32’ bay. The maximum beam span is
46’, making material transportation feasible without
special permits. To see a typical tower floor plan, see
Drawing S-103.

Because the function of each podium floor varies from
the tower floors, special consideration was taken in
regards to the tower-podium interface. Two column
lines had to be shifted to accommodate the floor plans
of the podium floors. The major change shifted the
northeast gridline 11’, increasing the beam span to 43’
and converted these members to transfer beams to
carry the tower column loads. Refer to Drawing S-104 for
the floor plan at the interface.
The structural design team studied three iterations of
the framing layout based on integrated design input to
accommodate other engineering systems, as well as the
constructability and efficiency of the system. RAM
Structural System was used to optimize, followed by
hand calculations to verify the designs. The design
iterations were then weighed by Fusion’s decision matrix
(Structural SD-A) and the final option was chosen for the
efficiency of design and integration with the building
systems.
For the first iteration, Fusion studied three W18x35 infill
beams orientated perpendicular to the exterior façade
(Figure 4.a). This created four different orientations of
beams to maintain perpendicular beams at all four edges
of the floor plan with patient rooms. This orientation was
chosen to allow mechanical ducts to run parallel to the
beams in the patient rooms and to minimize
interference with the girders. The design was calculated
to require 8.2 lb of steel per SF.

AEI TEAM 02-2018

b. Two Infill
Beam Bay
Iteration

W24x62 (48)
W18x40 (18)

W24x55 (20)
W18x35 (18)

a. Three Infill
Beam Bay
Iteration

c. Two Infill
Beam Bay
Continuous
Beams

W24x62 (24)

Figure 4: Typical tower floor plan development through design iterations

W18x40 (18)

STRUCTURAL SUBMITTAL 36

Figure 5: Excerpt from Fusion’s design decision matrix. For full matrix of structural design decisions, see Structural SD-A

The second iteration decreased the number of infill
beams from three to two (Figure 4.b). Analysis confirmed
the new beams sizes were W18x40, bringing the total
design down to 7.6 lb of steel per SF, and decreasing the
number of crane picks. Looking at the repetitive nature
of the bay layout, Fusion identified that vibrations
caused by occupants walking in the corridor may disturb
sleeping patients in their rooms. At this point the
structural design team performed a vibration analysis on
the bay design. Bays with beams rotated perpendicular
to the façade and out of plane with the surrounding bays
failed the vibration limits for walking vibration. For more
see Sec. 6.5.

6.5 Vibration Analysis

Fusion considered two options to bring the bays back
under vibration walking criteria in the third iteration
(Figure 4.c). The first option was to increase the size of
the beams to W18x55 and the girders to W24x84, giving
the bay system a higher stiffness. The second option
rotated the beams back to the same direction as the
surrounding bays, allowing adjacent bays to increase the
effective bay weight without increasing the beam sizes
from W18x40. This would require increased coordination
with the mechanical system, but in discussion and
reference to the decision matrix (Figure 5), Fusion
decided that rotating the beams back on grid was the
best option to meet the team goals. This minimized the
required steel psf to 7.4 in the final design.

As mentioned in the design iterations of the gravity
system, analysis showed that beams rotated out of grid
in original design iterations and failed the vibration
criteria. Fusion rotated these beams back in line with the
grid, decreasing the acceleration rate from 0.623% to
0.296%. At a concrete compressive strength of 3000 PSI,
the bays along the northeast façade were failing
vibration criteria with an acceleration rate of 0.56%. The
structural design team decided to increase the
compressive strength of the concrete from 3000 PSI to
5000 PSI, which decreased the acceleration rate to
0.519%.
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Due to the sensitivity of patients and medical
equipment, a vibration analysis was performed as
specified in AISC Design Guide 11 for walking vibration.
This analysis was performed in RAM Structural System
and verified by hand calculations. Design Guide 11 set
the following criteria:



Vibration limit of 0.5% the acceleration of gravity for
walking vibration
Damping ratio was conservatively set at 0.03 to
account for mechanical and ceilings attached to the
floor beams

An additional 0.02 damping ratio can be estimated to
account for interior partitions that are attached to the
bottom of the floor. After presenting this analysis to the
Team, Fusion designed full height partitions in the
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patient rooms. This put all acceleration ratios well within
the limit, as seen on Drawing S-109. For more on the
decision to change the partition heights as a result of the
installation of ACT panels in the patient room, see the
Integration Report Sec. 9.1.
Vibration studies were also completed in bays where the
structural design team identified sensitive medical
equipment. Fusion consulted with a faculty vibration
expert to determine vibration limits. The structural
design team determined that actual limits vary by the
make and model of specific equipment. The acceleration
rate in the bay where the specialty equipment is located
is 0.169%, well below the walking vibration limit. Fusion
recommends that the owner consider this rate when
selecting the equipment to purchase.

6.6 Medical Boom Structural Connection
The installation of the medical booms required structural
support for a point load at the head of the patient bed in
each room. Based on the self-weight of the boom, as
well as optional patient lift capacity, Fusion used a load
of 1500 lb. Two options to support the load were
considered. One iteration was supplementary steel
framing to support where the boom falls between
beams. The second was the Sikla Framo 80 system
(Figure 6), a bolted Unistrut system that attaches directly
to the concrete slab and can be adjusted and reused to
accommodate architectural changes and installation.
Based on increased flexibility, Fusion selected the Sikla
Framo 80 system as structural support for the medical
booms.
Concrete Slab on Metal Deck

Bolted Connection

Connection
Plate to
Boom Below

Figure 6: Mockup of Sikla Framo 80 medical boom support
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6.7 Column Design
Fusion selected to design the gravity columns in W14
sections with a maximum splice height of 40’. The W14
family was selected to decrease the connection cost at
splice locations and the availability of shapes. The gravity
columns were optimized to achieve an efficient 70-90%
demand-capacity ratio. For more on Fusion’s
coordination of OSHA requirements and splice locations,
please refer to the Construction Report. Final design
sizes range from W14x43 at the high roof level to
W14x257 at the below grade basement. Please refer to
Drawing S-104 for a typical column and splice location
design.

6.8 Roof
Fusion studied two different roof framing systems to
serve the different uses at the green roof and the tower
roof. The roof snow load was calculated according to
ASCE 7-10 and the City of Omaha Permits & Inspection
Division. A 26 psf flat roof snow load controlled over roof
live load per IBC 2012. The design also considered
parapet snow drift loads at a max of 60.2 psf. For
detailed calculations, see Structural SD-B.
Wind uplift pressures at the roof were determined in
accordance with ASCE 7-10 Components & Cladding at a
wind speed of 200 mph. For detailed calculations of the
wind uplift pressures, please see Drawing S-102.
Comparing various load cases, the gravity loads, as
outlined on Drawing S-102, governed the design of the
green roof. Both roof systems require a 1.5-hour fire
rating per IBC 2012, therefore the deck design for both
was a 2VLI18 deck with 4” of normal weight concrete
topping. The higher green roof loads increased the beam
sizing to W24x55 (24) from W21x44 (20) for uplift roof
loads, increasing the steel framing cost by $14,887, 6%
of the total cost of the green roof. The tower roof design
was governed by the wind uplift loads under tornadic
wind conditions. The final composite design had typical
sections of W18x35 (16). Refer to the roof framing plan
on Drawing S-105. For more on the design of the roof
deck and roofing system for special wind uplift and
missile impact, see Sec. 10 of this report.

6.9 Gravity System Summary
STRUCTURAL SUBMITTAL 38

Fusion’s gravity system design allowed the structural
design team to meet/exceed the design criteria, as
outlined in Table 3. In the gravity system design, a
composite beam system allowed the structural design
team to use smaller depth sections, increasing
coordination with MEP systems. The bay design met
vibration limits, assuring that patients will have a higher
level of comfort. Optimization of the composite steel
system allowed Fusion to meet integrated cost and
schedule goals.
Table 3: Fusion’s Structural Gravity Goal Criteria
Structural Design
Criteria

Goals Met/Exceeded

Floor plate design for
150% capacity in flexible
spaces

Floor plate design for
160% capacity in flexible
spaces

Minimum number of
columns

Goal Met

Bays meets walking
vibration criteria of 0.5%
acceleration

Most bays are under
walking vibration
criteria of 0.5%, critical
bays met criteria

Structural system at
exterior edge limited at
30”

Structural system at
exterior edge 29”

Team Goals

Adaptability

Wellness

Handle increased loading Goal Met
to support landscape
design

Community

Decrease construction
schedule for structural
system by 15%

Schedule for structural
system was decreased
by 14.3%

Minimize steel system
weight

Pounds of steel per
square root was 8.2 in
original iteration,
decreased 10 % to 7.4
in final iteration

Eliminate clashes with
MEP and optimized
system layout

Goal Met

Integration

7.0 Lateral System
The structural design team selected a cast-in-place
concrete shear wall systems to meet Fusion’s goals. The
shear wall design is a combination of 18” and 12” walls
that create an efficient section while minimizing building
drift.
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7.1 Goals
The lateral system goals were generated based on
interdisciplinary input on Fusion’s integrated design
goals. These goals aim to provide an efficient lateral
system that exceeds industry standards. Please refer to
Table 4 to see the lateral system goals.
In addition to strength requirements, the lateral system
was designed to drift limitation of H/600, as
recommended by ASCE 7-10 to minimize damage to
cladding, nonstructural walls and partitions. This value is
much more stringent that seismic drift limitations of
0.01H.
Table 4: Fusion’s Integrative Lateral Design Goals
Team Goals

Adaptability

Wellness

Community

Structural Team Goals

Structural Design
Criteria to Meet Goals

Resist tornadic event
wind loading

Meet industry standards
for tornado wind design

Flexible floor plan for
growth and changes in
use

Minimize permanent walls
in lateral systems

Limit building and
interstory drift

Meet interstory and total
building drift limit of
H/600

Maintain operability
during and after a
disaster to serve
community relief efforts

Lateral system will
continue to operate after
higher wind loading from
disaster

7.2 Loads
Due to the sensitivity of the hospital functions, Fusion
investigated both wind and seismic loading on the
structure during simulations to confirm specific
members were not seismically controlled. For Omaha,
Ne., an initial study showed that the wind loads
controlled the over seismic loads. Based on ASCE 7-10,
Fusion analyzed the wind pressure using the directional
procedure. The calculated wind pressure at each story in
included in Drawing S-107. Seismic forces for Seismic
Design Category A were calculated as well following
ASCE 7-10. Calculated forces can be found on Drawing S102.
In response to the disaster preparedness challenge,
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Fusion considered the effects of tornadic wind loading
due to the location of the project in tornado alley, a term
applied to areas that most frequently see violent
tornados. In consultation with a meteorologist professor
on tornado wind speeds, mean recurrence interval levels
in Omaha, Ne., and hospital evacuation strategies it was
identified that according to NOAA, Omaha Ne. has the
second highest mean recurrence interval in the nation
for a direct hit by an F2 tornado of 1,844 years. Since
1956, 21 tornadoes have hit Douglas County, Ne.
including one F4 tornado in 1975, one F3 tornado in
1968 and four F2 tornadoes, the most recent in 2008.
The 1975 F4 tornado’s path travelled less than a mile
from the site of the Children’s Hospital. In 2004, 80 miles
southwest of the Children’s Hospital the second
deadliest tornado on record, as recognized by NOAA,
decimated the village of Hallum with recorded wind
speeds at over 200 mph. ICC 500 requires storm shelters
in tornado alley to be designed for 250 mph wind
speeds.
The performance of the building under tornadic wind
loading has a direct impact on the comfort of the
patients, the structural integrity of the building, and
immediate occupancy after a disaster. In precedent
research of hospitals in similar locations, Fusion found
that neither industry standards nor codes require the
design of MWFRS for wind pressure loads of EF4
tornados. Therefore, Fusion used the ASCE 7-10
recommended wind speeds for a Risk Category IV
building of 120 mph for the design of the lateral system,
which is equivalent to wind speeds of an EF2 tornado.

Table 5: Alternative Lateral System Comparison
Concrete Shear Wall System
Benefits

Trade Offs

Goals

High stiffness capabilities, low
cost, location minimize impact to
flexibility of floor plan

Walls limit
changes in floor
plan

Wellness
Adaptability
Integration

7.3 Design Progression
When selecting a lateral system, the structural design
team studied a variety of systems to determine, which
would best meet Fusion’s goals with the least amount of
negative drawbacks, shown on Drawing S-101. Three
systems were selected for conceptual analysis, including
steel braced frames and cast-in-place concrete shear
walls. A comparison of the benefits and drawbacks from
each of these designs is given in Table 5.
The structural design team identified the larger elevator
cores and stair towers as efficient areas to use concrete
shear walls (Figure 7), since these major circulation and
life safety elements are the least likely to be moved
throughout the lifespan of the building. This option was
selected by Fusion for consideration to meet the team’s
goals of providing a flexible space with high patient
comfort level by using a limited number of lateral wall
elements, which was very feasible with this system.

Figure 7: Concrete cast in place shear wall layout

The second system considered was braced frames placed
around the same openings as identified earlier, limiting
their interference with the architecture (Figure 8). In
preliminary analysis the structural team found excessive
building drift, despite sizing the frames for lateral and
gravity loads. Fusion determined that without adding
braced frames at other locations and interfering with the
flexibility of the floor plan, this system was not
functionally feasible.

Steel Braced Frame System
Benefits

Trade Offs

Goals

No limit to change in floor plan
over life of building

High cost
Fireproofing
required

Wellness
Adaptability
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Figure 8: Brace frame system layout
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After evaluation of the benefits and drawbacks of both
systems considered, it was decided to optimize the
concrete shear wall system. In coordination with the
construction design team, a precast concrete shear wall
system was evaluated to possibly shorten the
construction duration. A precast system would allow for
just-in-time delivery of the shear walls, permitting for a
shorter erection duration in the field. The structural
design team saw the loss of stiffness at connections
required twice as much linear feet of wall as the cast-inplace system.

vertical reinforcing ρl was 0.0111. For detailing schedule
of the shear walls, see Drawing S-107.

The concrete cast-in-place shear wall system met the
team’s design goals of high patient comfort and the
ability to withstand higher loading under natural disaster
conditions.

7.4 Design Optimization
After the selection of the concrete shear wall system,
the team set some constructability standards. In
consultation with the construction design team, the
minimum wall thickness to allow for proper rebar
placement and concrete consolidation was set at 12” for
the first design iteration with a f’c=5000 PSI, to maintain
the same f’c as the floor slabs.
Through RAM Structural System modeling, a total of 101
load combinations were used to evaluate the most
severe loading on the structure. With a total of 240
linear feet of shear walls grouped in to three C-shape
cores and a box core stair tower assembly, 30
optimization analyses were run by the structural design
team to evaluate different combinations of wall
thickness, performance criteria, and wind speeds. As
shown in Figure 9, Fusion focused on four wall thickness
combinations and compared the deflection values of
each at 120 mph wind loads to drift limits of H/600.
Based on the results of these design iterations, Fusion
selected a combination of 18” cast-in-place shear walls
in the North South direction, and 12” in the East West
direction. The maximum total building drift was 2.68” at
Level 8 under serviceability loads. Most of the concrete
shear wall reinforcing design was governed by minimum
reinforcing requirements with a horizontal minimum
wall reinforcing ratio (ρt) of 0.0019 and a vertical
minimum reinforcing ρv of 0.0028. The maximum
horizontal reinforcing ρl was 0.0139, and the maximum
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Figure 9: Comparison of building drift at 120 mph wind loads at
various wall thicknesses

Fusion discussed the benefits and drawbacks with the
team decision matrix (Structural SD-A) to help decide
between the cast-in-place and precast system. Although
the decision matrix showed that the two systems were
very close, the team decided the increased cost and
coordination with systems required by the increase in
walls significantly outweighed the schedule decrease,
and therefore selected cast-in-place shear walls as the
final lateral system.

7.5 Lateral System Summary
The integrated design of the lateral system allowed
Fusion to meet and exceed the project goals set at the
beginning of the Lateral Design section, as outlined by
Table 6. Fusion coordinated the placement of the shear
wall system to minimize impact on the flexibility of the
floor plan as the hospital changes throughout its
lifespan. Meeting ASCE 7-10 drift limitations of H/600
permitted Fusion to provide the Children’s Hospital with
a building that will not sustain critical damage to
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structural systems, allowing it to remain in operation
after a natural disaster to serve community relief efforts.
Table 6: Fusion’s Integrative Lateral Design Goals

Team Goals

Adaptability

Wellness

Community

Structural Design
Criteria to Meet Goals

Goals Met/Exceeded

Meet industry standards Design withstands ASCE 7for tornado wind design 10 design wind loading
and drift limitations
Minimize permeant
walls in lateral systems

Goal met

Meet total building drift
limit of H/600

Concrete shear wall
system exceeds H/600
drift criteria

Lateral system will not
hinder operability after
higher wind loading
from disaster

Building drift under
tornadic wind loading
does not cause damage to
system or facade

8.0 Helipad
Fusion considered the impacts of the helipad location on
the surrounding areas of the building, and decided to
locate the helipad over core spaces in the floor plan,
avoiding a location directly above patient rooms to
minimize disruptive noise. The structural design team
selected a non-composite steel framing system with 4”
NWC on 2VLI16 metal deck.

8.1 Loads
The structural design team referenced USDOT FAA
Advisory Circular 150/5390-2C for design loads on the
helipad structure. A S-70 Blackhawk was selected as the
design helicopter so that in an emergency event,
National Guard and Army Reserve units will be able to
land. This is typically the largest helicopter used on these
missions.
The following loadings were considered by the structural
design team, as specified in USDOT FAA Advisory Circular
150/5390-2C:


22,000 lb static load (max takeoff weight of the
design helicopter)



Dynamic load (0.2 seconds or less duration) of
33,000 lb (1.5 times the max takeoff weight)



15 psf over 2273 SF rotor load (weight of the
helicopter distributed evenly over the disk area)



100 psf live load for helipad by ASCE 7-10
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Upward wind
conditions

pressure

under

tornado

wind

Loads were applied through the contact area of the
design helicopter. S-70 Blackhawk helicopters have three
wheel landing gear, two in the back spaced 9.7’ apart
and one in the front spaced at an undercarriage length
of 29’. Loading details are on Drawing S-105.

8.2 Design Progression
Fusion determined the location and size of the helipad
based on recommendations from USDOT FAA AC
150/5390-2C and considered of adjacent spaces. It was
recommended that the helipad be located at a height of
6’ above the roof to minimize turbulent effects of air
flowing over the helipad edge during use. The required
minimum takeoff and landing zone dimension is equal to
the rotor diameter of the design helicopter but not less
than 4’. The minimum final approach and landing area
size is 1.5 times the overall length of the design
helicopter.
As stated earlier, Fusion designed the helipad to
accommodate the future growth of medevac helicopters
as well as military S-70 Blackhawk, which gives a
minimum required helipad size of 56.3’. Due to the bay
sizes, the structural team sized the touchdown and liftoff area (TLOF) at 64’x64’ (~100 SF larger than required).
Increasing the size of the TLOF makes it safer to land the
helicopter for the pilot and the patient.
Following the location and sizing of the helipad, the
structural team parametrically optimized a steel framing
system for strength and service given the various loading
scenarios. In the analyses, the structural design team
determined that the design was controlled by the uplift
pressures on the helipad during a tornadic event.
Although this load controls, all loading scenarios
described in this report were studied by the team. The
structural team began with a composite system.
Although this system is very efficient in withstanding
gravity loads due to the composite action with the slab,
when the loads are reversed due to uplift loading, the
slab was put into tension and had significantly less
capacity. The structural team found that the composite
design under gravity loads was failing under uplift
pressures due to insufficient bare beam strength.
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Therefore, the structural team developed the final
design in non-composite framing for the helipad. Typical
beam sizes were W21x83 with the largest girders at
W30x108.

The structural team specified a 2VLI16 composite deck
with 4” concrete topping. This design was checked for
punching shear strength to withstand the shear caused
by three wheel landing gear configuration on the deck.

9.0 Foundation System Design
Due to the poor soil conditions on the site and based on
the recommendations of the geotechnical report, the
structural design team focused on a deep foundation
system. Fusion referenced the Children’s Hospital
Geotech Report prepared by Olsson Associates to gain
an understanding of the existing site conditions. The
general soil profile was fill, lean clay, sand, weathered
shale, and limestone bedrock. The limestone bedrock
was encountered at elevations 83’ below Lower Level 5.
Groundwater levels were observed at only 5.5’ below
Lower Level 5, indicating high levels of groundwater.

to limestone bedrock, 103’ below grade. The allowable
end bearing capacity of each pile is 250 K, therefore the
maximum column load required 10 piles. The design was
governed by the bearing cross section, therefore
minimum reinforcement ratio of 0.01 controlled. For the
pile design schedule, see Drawing S-106.
The basement foundation walls were designed to resist
lateral pressures of saturated soils, due to the close
proximity of groundwater. Since the walls are restrained
from movement by the floor slabs, the wall was designed
for at rest pressures. The structural team conservatively
assumed that the backfill material would be similar in
composition to on-site soils, lean clay and silt. These
walls support the gravity loads of the floor framing
directly in to the wall, but column loads are carried
directly by the deep foundations, not by the wall. Fusion
designed a 12” thick concrete foundation wall for the
entire perimeter of Lower Level 5, including the walls of
the community storm shelter. Refer to Structural SD-D
for design calculations and detailing.
Auger Cast-in-Place Piles

Basement Foundation Wall

Fusion took into consideration the proximity of adjacent
buildings in use during the construction of the
foundation system. Due to the sensitivity to vibration of
the adjacent hospital buildings and to minimize
differential settlement, Fusion selected a auger cast-inplace pier deep foundation system in conjunction with
concrete foundation walls and a basement slab-ongrade.
Fusion also identified the opportunity to use space in the
basement as a community shelter. The soil in place
around the safe room provided suitable protection from
debris missile impact and tornadic wind loads. For more
on the community storm shelter design, see the
Integration Report Sec. 8.2.2.

9.1 Design Progression
The maximum column load bearing on the foundation
was 2500 K. The structural design team considered two
deep foundation systems, including drilled piers and 24”
auger cast-in-place piles. Preliminary constructability and
pricing of both system showed that auger cast-in-place
piers would be the more economical design. For more,
please see Construction Report Sec. 8.1. The piles extend
AEI TEAM 02-2018

Slab-on-Grade

Figure 10: Below-grade foundation design

The basement slab-on-grade was designed to carry the
maximum live loads as well as meet storm shelter
requirements per ICC 500, which governed the final
design. The final design was a 6” thick concrete slab with
a flexural strength of 750 PSI, with #4 bars at 18” on
center each way. Refer to Structural SD-D for design
calculations and detailing.

9.2 Foundation Summary
Fusion applied the geotechnical report findings and
recommendations to deliver a foundation design capable
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of supporting the building loads, subgrade soil pressures,
and provide a community storm shelter that meets the
integrated team goals.

10.0 Building Enclosure Design
As discussed in the lateral system design section, the
performance of the building under tornadic loading is
especially important to the occupant’s safety. This
included glazing, mullion, and roofing system designs
that will be discussed in this section. Fusion has
presented multiple options that offer various levels of
protection against tornadic wind loading, including wind
pressure and missile impact. The integrated design of
the double skin façade led the structural design team to
engineer the high performing structural elements in
order to maintain architectural aesthetic, optimize MEP
performance, and provide an economical design. For
more information on the integrated double skin façade
design, please refer to Integration Report Sec. 7.2.

10.1 Glazing Assembly Design
Because the hospital patients will shelter in place, the
façade is their first line of defense. As seen in Table 7,
Fusion specified combinations of glass and façade
assemblies that are resistant to debris missile impact,
designed for tornado wind loading, or for code required
wind loading. For more on the double skin façade
assembly options, see the Integration Drawing I-103. For
the exterior layer of the double skin façade, Fusion
selected a ¾” fully tempered, laminated glass with a PVB
interlayer that will resist wind pressures from 200 mph
wind, in accordance with ASTM E1300-16 Standard
Practice for Determining Load Resistance of Glass in
Buildings. Laminated glass was selected for all window
assemblies of the facade so that building occupants
would not be at risk of injury from glass shards. Typical
mullions were designed to withstand a wind pressure
load of 150 psf, at 10-1/2” with a steel infill for vertical
mullions and 6” for horizontal mullions. Calculations and
design charts can be found on Drawing S-108.

Although the 1” IGU specified by Fusion resisted wind
pressures from tornado loads, it was not impact
resistant. For the Disaster Enclosure add alternative,
Fusion selected the missile impact resistant window
system SD-TH600, as manufactured by Protective
Structures. When installed with Tor-Gard NBR2 glass clad
AEI TEAM 02-2018

polycarbonate glazing, the assembly is compliant with
FEMA 361 missile impact requirements.
Fusion selected an architectural insulated metal panel
system for façade areas around fenestrations. The
structural team referenced the Texas Tech Wind Science
and Engineering Research Center Construction Material
Threshold Testing and specified a 14 ga. steel, two layers
of 3/4” cement fiberboard wall as the base wall system
for missile impact resistance.
In order to confirm the design performance of the
façade assembly, Fusin recommends the use of
performance mockups and testing to evaluate the
structural, debris-impact, thermal, and water-infiltration
performance of the assembly.

10.2 Double Skin Façade Connection Detail
Fusion identified that the increased load of the double
skin façade design combined with the large slab
overhang may have a significant impact on the edge of
slab deflections. Excessive deflections would have a
serious impact on the deflection and performance of the
curtain wall system. Referencing AISC Design Guide 22,
the structural design team designed the façade
connection at the slab edge of C channels and headed
Table 7: Specified Glass and Façade Assemblies and Location
Design Façade Type

Location

Wind
Pressure

Impact
Resistance

3/8” Heat
Strengthened
Laminated Glass

Exterior
Double Skin
Facade

120 mph

Will shatter

3/4” Fully Tempered
Laminated Glass

Exterior
Double Skin
Façade

200 mph

Will shatter

SD-TH 600 Tor-Gard
NBR2 glass clad
polycarbonate glazing

Interior
Double Skin
Facade

250 mph

Impact
Resistant

1/4” Fully Tempered
One Lite Laminated IGU

Interior
Double Skin
Façade

200 mph

Will shatter

Insulated Metal Panel

Interior
Double Skin
Façade

NA

Not Impact
Resistant

14 ga. Metal Panel,
Two Layer 3/4”
Cement Fiberboard
Assembly

Interior
Double Skin
Façade

NA

Impact
Resistant
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studs (Figure 11). For façade connection calculations,
please refer to Structural SD-C.
Based on the connection design, the structural team
analyzed the deflection at the 2’8” slab overhang caused
by the beam torsion and double skin façade connection
according to AISC Steel Design Guide 22, to find the
original design caused a deflection of 1.89” at the edge
of the slab which was considered unacceptable. Fusion
decided to decrease the slab overhang by moving the
column line at the locations of the double skin facade to
1’4”, in coordination with the plumbing risers through
slab penetration allowance and the structural beam
flange. For more detail on the façade connection, refer
to Drawing S-108. The structural design team also
increased the spandrel beam size to W24x84 from a
W21x50, originally optimized for gravity loads. These
integrated design changes significantly decreased the
slab edge deflection to 0.15”.
Through Pipe Penetrations
Interior

Double Skin Façade

Figure 11: Double skin façade connection detail

10.3 Natural Disaster Resistant Roof
The base design to satisfy IBC fire rating, as stated
before, is a 4” concrete topping on metal deck. Fusion
specified a 4” thick pea-gravel concrete with #4 rebar
reinforcement 12” o.c. each way to meet the impact
resistance, as tested by The Texas Tech Wind Science
and Engineering Research Center. The structural design
team specified a FM approved roofing waterproofing
system that resists the calculated uplift pressures of 285
psf, as calculated by ASCE Components and Cladding at
200 mph wind speeds. The Sika Sarnafil G410 system is a
single-ply PVC system that is hot air welded and the full
assembly is adhered to the concrete slab on deck
(Drawing S-108). In the event of a helicopter crash on the
roof, the PVC membrane is nonporous and naturally fire
resistant.
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11.0 Lessons Learned
Throughout the design process, the structural design
team encountered many things that they expected to
learn, and some that were unexpected. Every day, the
structural design team was reminded that design is not a
linear process. Each design decision does not just affect
the design of a single discipline, it has a ripple effect that
has to be addressed by each discipline. The structural
design team believes that their design was elevated by
the
interdisciplinary
collaboration
experience.
Understanding the goals of the owner and each
discipline team allowed the structural design team to
develop a final solution that facilitated the
accomplishment of other’s goals and designs.

12.0 Conclusion
The integrated solution delivered by Fusion provides an
efficient structural system that minimizes the cost and
schedule of the project without sacrificing quality.
Interdisciplinary coordination allowed Fusion to deliver a high
performance solution, including an integrated double skin
façade that benefits the occupants.
Wellness of the patients is provided through the structural
system addressing life safety issues from severe tornados
and by minimizing vibrations to patient and sensitive medical
equipment. The integration of the structural system with the
design allowed Fusion to maximize connections to nature
through increased daylighting and a roof garden. The structural
system limits building movement to maximize patient comfort
during normal and extreme loading.
Fusion delivered an adaptable design that responds to
changes in use throughout the life of the building. The
building enclosure, foundation and lateral system withstand
tornadic loads, allowing the Children’s Hospital to turn into a
storm shelter for it’s occupants.
Fusion designed a building that benefits the community of
Omaha, and the medical community at Children’s Hospital.
The structural foundation system was integrated with a
community storm shelter, and the design of the building allows
it to maintain operability to continue to serve the community
immediately after a natural disaster. Fusion optimized the
structural design to minimize the construction impact on the
community .
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SUPPORTING DOCUMENT A

STRUCTURAL DECISION MATRIX AND SOFTWARE SUMMARY

Structural Decision Matrix

Interoperable Software Use

Fusion utilized the decision matrix in design decisions to develop solutions that aligned with the project goals
and drivers. For more detail on design iterations please refer to the Structural Report.

Fusion utilized the programs illustrated below for the model and transfer of information between all team
members. Revit was the central model for elements analyzed by team members using their respective
software. The structural design team utilized analysis software and modeled in Revit to communicate
design with the rest of the team.

DECISION MATRIX: STRUCTURAL

SECURITY

COST

SMART BUILDING

SCHEDULE

INTEGRATED FAÇADE DESIGN

3

3

5

4

3

5

1

3

4

3

2

4

5

FLAT SLAB CONCRETE
SYSTEM

1

1

0

0

1

0

1

0

0

0

0

1

0

1

0

0

0

22

COMPOSITE STEEL
FRAMING SYSTEM

1

0

1

1

1

0

1

1

0

1

0

1

0

0

0

1

0

35

TOTAL

DISASTER RELIEF

4

DAYLIGHTING

2

FLEXIBILITY IN USE

3

ROOM FOR GROWTH

5

LONG LIFESPAN

WEIGHT

GOALS

DIASTER PREPAREDNESS

AESTHETIC ICON

INTEGRATION

MINIMIZE BUILDING IMPACT

REGULATE CIRCADIAN RYTHMS

COMMUNITY
MAXIMIZE EFFICIENCY OF CARE

ENHANCE PATIENT EXPERIENCE

WELLNESS
HIGH AIR QUALITY STANDARDS

ADAPTABILITY

GRAVITY SYSTEM

COMPOSITE STEEL FRAMING SYSTEM

FINAL DECISION
COMMENTS

COMPOSITE STEEL FRAMING SYSTEM ALLOWS THE DESIGN TEAM TO MINIMIZE COLUMNS IN THE FLOOR PLAN, WHILE DECREASING THE TIME OF CONSTRUCTION

BAY FRAMING LAYOUT

WEIGHT

5

3

2

4

3

3

5

4

3

5

1

3

4

3

2

4

5

ROTATED BEAMS AT
PATIENT ROOMS

1

0

1

1

1

1

0

1

0

1

0

1

0

0

0

0

0

29

BEAMS ON GRID AT
PATIENT ROOMS

1

0

1

1

1

0

1

1

0

1

0

1

0

0

0

0

0

31

BEAMS ON GRID AT PATIENT ROOMS

FINAL DECISION
COMMENTS

WHILE THE ROTATED BEAMS ALLOWED FOR FLEXIBILITY IN COORDINATION WITH THE MECHANICAL DUCT SYSTEM, FUSION WEIGHED ENHANCED PATIENT EXPERIENCE
HEAVIER WHICH BEAMS ON GRID WOULD PROVIDE WITH LOWER RATES OF ACCELERATION IN THE BAY
LATERAL SYSTEM

WEIGHT

5

3

2

4

3

3

5

4

3

5

1

3

4

3

2

4

5

CAST IN PLACE SHEAR
WALLS

1

1

1

1

0

1

1

0

0

0

0

1

0

1

0

0

0

28

PRECAST SHEAR
WALLS

1

1

0

0

0

0

1

0

0

1

0

1

0

0

0

1

0

25

CAST IN PLACE CONCRETE SHEAR WALLS

FINAL DECISION
COMMENTS

THE HIGH NUMBER OF PRECAST SHEAR WALL ELEMENT DID NOT LEND ITS SELF TO THE MOST ADAPTABLE DESIGN, ALTHOUGH IT WOULD DECREASE THE TIME OF
CONSTRUCTION, THE HIGH NUMBER AND COST LET FUSION TO DECIDE ON A CAST IN PLACE SYSTEM
DEEP FOUNDATION SYSTEM

WEIGHT

5

3

2

4

3

3

5

4

3

5

1

3

4

3

2

4

5

DRILLED PIER SYSTEM

0

1

1

0

0

0

1

0

0

1

0

1

0

1

0

1

0

25

PILE SYSTEM

0

1

1

0

0

0

1

0

0

1

0

1

0

0

0

1

0

22

DRILLED PIER SYSTEM

FINAL DECISION
COMMENTS

BOTH SYSTEMS PROVIDED EQUIVILENT DESIGNS TO LIMIT DIFFERENTIAL SETTLEMENT AND CONSTRUCTION VIBRATION, DRILLED PIERS PRESENTED A MORE ECONOMICAL COST

WEIGHTING SCALE:
1

LEAST CONCERN

3

AVERAGE

5

IMPORTANT
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SUPPORTING DOCUMENT B

LOADING PARAMETERS

Gravity Loads

Lateral Load Parameters

FLAT ROOF SNOW LOAD CALCULATION

Omaha, Ne. Wind Loading Parameters
Risk Category
IV
Basic Wind Speed
V
120 mph
Wind Directionality Factor
Kd
0.85
Exposure Category
C
Topographic Factor
Kzt
1
Gust Effect Factor
0.85
Enclosure Classification
Enclosed
Int. Pressure Coefficient
Gcpi
0.18
α
9.5
Terrain Exposure Constants
zg
900
Wind Pressure
qh
35.2 psf

Ground snow load for Omaha, Nebraska is 25 PSF, according to City of
Omaha Permits & Inspections Division.
Pf=0.7CeCtIspg
Ce=1.0 (Partially Exposed Terrain Category B)
Ct=1.0 (Heated building)
Is=1.2 (Risk Category IV)
Pf=21 psf
Surrounding buildings exist at lower heights than the height of the
Children’s Hospital. Therefore, the structural design team did not
analyze the effects of adjacent structures snow drift on the roof. If
future construction to surrounding buildings exceeds the height of the
building, it is recommended that the drift loading be considered.

By City of Omaha Permits & Inspections Division, a wet snow load on
roofs less than 3/12 of 5 psf must be added to the flat roof snow load.
The slope of the roof on the Children’s Hospital is less than 3/12.
Therefore:
Snow Load = 26 psf

60.2 psf
26 psf

4.95’

Cp
(Fig. 27.4-1)
210.0 ft 0.8076923
-0.5
260.0 ft 1.2380952
-0.5
435.0 ft 2.0714286
-0.3

Building Dimensions

SUPERIMPOSED DEAD LOAD
Superimposed dead load is take in to account for general finishes,
ceiling systems, partitions, ducts, conduit, plumbing, light fixtures,
telecom, medial gas, and other building systems that are supported by
the gravity system as specified in ASCE 7-16 are listed below.
MEP

10 psf

ACT

2 psf

Partitions

8 psf

Vinyl Tile

1 psf

N-S
E-W
E-W

Wind Direction

Podium

Wall Pressure Coefficients
Cp
E-W
N-S
Windward
0.8
0.8
Leeward
-0.5
-0.5
Leeward

-0.3

-0.5

ROOF SUPERIMPOSED DEAD LOAD

3.49’
1.51’

Figure 1.1 Weight of 3.0 Tesla MRI

The roof live load is 20 PSF. Superimposed dead load of roofing
materials as specified in ASCE 7-16 are listed below.
Rigid Insulation

0.75 psf

Bituminous Waterproofing

1.5 psf

MEP

10 psf

ACT

2 psf

See Drawing S-102 for applied loading

Seismic Loading Parameters
Risk Category
IV
Site Class
D
Importance Factor
1.5
Seismic Design Category
A

See Drawing S-102 for applied loading
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L/B

USGS Report Details
TIME (S)
SMS
0.152
SM1
0.107
SDS
0.1013
SD1
0.0713
T0
0.1408
Ts
0.7039
TL
6
Cu (N-S)
1.70
Cu (E-W)
1.70
C_t N-S
0.02
C_t E-W
0.02
x N-S
0.75
x E-W
0.75
k
2.00
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SUPPORTING DOCUMENT C
Spandrel Beam Properties
W24x84
d
24.1
In
tw
0.47
In
bf
9.02
In
tf
0.77
In
Iy
94.4
In^4
Sx
196
In^3
Sy
20.9
In^3
J
3.7
Wno
52.6
a
94.64
in
Floor Framing Beam Properties
W18x35
Ix
1630
In^4

Slab Edge Loading
Diagram

DOUBLE SKIN FAÇADE CONNECTION

Façade Support Design
Fy
36
w Curtain Wall
10.00
w Grate Live Load
20.00
w SW Grate
15.00
Span
8.00
Height
18.00
Size Exterior C Channel
w
366
Mu
2.928
Section Modulus
1.08
Required
C Section 5x9
Moment of Inertia
8.89
Mn
11.9
Deflection
0.13
Deflection Limit
0.4
Size Span Angle
P
2928
Mu
23.42
Section Modulus
8.67
Required
C Section 6x13
Section Modulus
Mn
31.6
Moment of Inertia
17.3
Deflection
0.14
Deflection Limit
0.15

Curtain Wall Dead Load

Grate Live Load
Grate Dead Load

Superimposed Dead load
Live Load
Construction Live Load

Bent Angle

ksi
psf
psf
psf
ft
ft
plf
k-ft
in^3
in^4
k-ft
in
in
lb
k-ft
in^3
in^3
k-ft
in^4
in
in

Bent Plate Design at Pour Stop
Fy
36
ksi
w Wet Concrete
0.15
kcf
w Self Weight
0.49
psf
w Construction Live Load
0.02
ksf
P Construction Live Load
0.25
k
Spandrel Beam
W24x84
Flange Width
9.02
in
Height
18.00
ft
Length of Edge of Slab
1.33
ft
Height Slab
6.50
in
Weld Overlap (Sw)
2.00
in
Vertical Deflection Under Wet Concrete
Length Overhang
11.45
in
Bent Plate Thickness
0.50
in
Moment of Inertia Plate
0.12
in^4/ft
Section Modulus Plate
0.72
in^3/ft
Service Load Moment due
to lateral fluid pressure of
0.047
k-in/ft
wet concrete
Deflection due to lateral
0.001
in
fluid pressure wet concrete
Deflection due to weight of
0.0042
in
wet concrete
Deflection due to self weight 0.0013
in
Total Vertical Deflection
0.0064
in
Deflection Limit
0.125
in
Strength of Bent Plate under WC and CLL
Mu Lateral Fluid Pressure
0.076
k-in/ft
Mu Wet Concrete
0.71
k-in/ft
Mu Construction Live Load
0.17
k-in/ft
Total Mu
0.96
k-in/ft
Mn
23.18
k-in/ft
Strength of bent Plate under WC and P CLL
beff
22.9
in
Mu P Construction Live Load
2.4
k-in/ft
Total Mu
3.18
k-in/ft
Mn
23.18
k-in/ft
1/2" Bent Plate

C Channel Façade Support
Slab Edge Deflection

W24x84
Spandrel Beam

Calculations were performed in reference to
AISC Design Guide 22 “Façade Attachments to
Steel Framed Buildings” (2016)

Slab Design at Façade
Weight Concrete
150.00
pcf
f'c
5.00
ksi
Fy
60.00
ksi
Spandrel Beam
W24x84
Flange Width
9.02
in
Height
18.00
ft
Length of Edge of Slab
1.33
ft
Height Deck
2.00
in
Height Slab
6.50
in
Edge Distance
3.25
in
Concrete Cover
0.75
in
w Superimposed Dead load
21.00
psf
w Live Load
40.00
psf
w Curtain Wall
10.00
psf
w Grate Live Load
20.00
psf
w SW Grate
15.00
psf
pw
150.00
psf
Headed Stud Design
Eccentricity Curtain Wall
3.60
ft
Span of Curtain Wall Attachments
8.00
ft
Length from Edge of Spandrel
11.45
in
N Curtain Wall
21.60
k
V Curtain Wall
2.93
k
Nu Curtain Wall
0.70
k
Stud Spacing
12.00
in
Number of Studs
6.00
Group effects limit
9.75
in
(8) 3/4" Diameter Studs 10" Embedment
Nn
33.42
k
Vn
16.32
k
Interaction
0.83
7/16” Bent Plate
Flexural Slab Reinforcement Design
wu
0.09
ksf
beff
43.92
in
Pu
0.80
k/ft
Mu
12.77
kip-in/ft
#3 @ 12' o.c
Mn
19.20
kip-in/ft
As
0.11
in^2
Length Hooked Bar
15.40
in
Development Length
12.00
in
Effective Area of Reinforcing Steel
0.11
in^2
Moment Capacity Check
d
3.56
in
a
0.11
in/ft
phi
0.90
Mn
20.83
kip-in/ft
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Deflection at Slab Edge
Spandrel Beam
W24x84
Length (Flexural)
32.00
ft
Length (Torsional)
10.67
ft
Length (floor beam)
32.00
ft
Spacing Supports
8.00
ft
Effective Section Modulus
214.99
in^3
Effective Moment of Inertia
3199.70
in^4
Mu
535.20
kip-ft
Pre Composite Factored Moment Demand
283.20
kip-ft
Deflection Post Composite
0.49
in
Height
18.00
ft
Eccentricity Point of Load to Beam
16.00
in
Eccentricity Point of Load to Centerline of
33.96
in
DSF
P Curtain Wall
2.93
k
Pw
21.60
k
PH
0.24
k
Bent Plate Resistance to Flexure from DSF Panel
beff
22.98
in
Moment on Plate
21.08
kip-in/ft
Zp
0.75
in^3/ft
Mnp
24.30
kip-in/ft
Vertical Deflection of Plate neg. Conc.
0.0128
in
Vertical Deflection at DSF Support
Torsional Moment at Midspan of Lt due to
3.90
kip-ft
CW
Torsional Moment at midspan of Lt due to
0.00
kip-ft
Wind
Total Service Torsional Moment at end of
3.90
kip-ft
Lt
Rotation at End of Floor Framing Beam
0.000127
rad
Vertical Reaction on Spandrel Beam due to
0.12
kip-ft
Floor Beam End Moment
Rotation at Center of Span Lt
0.0084
rad
Rotation Total
0.0086
rad
Vertical Deflection at Support
0.14
in
Total Deflection at Support CW
0.15
in
Available Strength of the Spandrel Beam
Factored Torsional Moment and the
4.68
kip-ft
Middle of Lt
Rotation Second Derivative
0.0000057
rad/in^2
Normal Stress at Midspan due to Warping
8.75
ksi
Factored Post Composite Moment
252.00
kip-ft
Demand
Interaction of Combined Normal Stresses
40.15
ksi
Fy
45.00
ksi
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FOUNDATIONS

Concrete Foundation Walls

Auger Cast-in-Place Piles
Pile Design
Max Column Load
Compressive Strength (f'c)
Length (L)
Pile Diameter (Da)
Bearing Capacity (qa)
Allowable Bearing Load Value (Qa)
Number of Piles Req.
Minimum Rebar (As min)
Min Clear Spacing #3 Ties
Pile Spacing (s)
Pile Cap Depth (dc)

2500 kips
3
ksi
85
ft
2
ft
125
ksf
250
kips
10
3.16 in^2/ft
6.25
in
60
in
55
in

Qu

Floor Load

Lateral Support

#8 @ 12” O.C.
Vertical
#5 @ 12” O.C.
Horizontal

Soil Weight

Self Weight
Footer

12”

Lateral Soil Pressure
Lateral Support

#4 @ 12” O.C. Each

20”
6’

dc

Soil Bearing

Soil

Slab on Grade
DEWATERING SYSTEM
6 IN. CONCRETE SLAB
#4 @ 18 IN. O.C. EACH

Ds

s

CONCRETE
RETAINING WALL

12 IN. MIN GRANULAR
24 IN. MIN WRAP
OF FILTER FABRIC
OVER DRAINAGE
FILL AT WALL

L

SOIL SUBGRADE
MIN 98 PERCENT
SP COMPACTION

Bedrock
qa

qa

STRUCTURAL SUPPORTING DOCUMENTS

AEI TEAM 02-2018

PAGE 49

SUPPORTING DOCUMENT E

LATERAL

Lateral System Analysis

Wind Deflections
Maximum Drift (in)

Interstory Drift (in)

X

Y

X

Y

Roof

1.02

2.68

0.12

0.33

Level 7

0.91

2.35

0.12

0.33

Level 6

0.79

2.02

0.12

0.32

Level 5

0.67

1.70

0.12

0.32

Level 4

0.55

1.38

0.15

0.39

Level 3

0.40

0.99

0.15

0.44

Level 2

0.26

0.55

0.10

0.23

Level 1

0.15

0.32

0.09

0.19

Lower Level 1

0.07

0.13

0.07

0.13

Lower Level 3

0.00

0.00

0.00

0.00

Max

0.15

0.44

Lateral Design Iterations
(100.9,81.1,165)
(119.3,57.4,165)

Braced Frame Conceptual Analysis
Maximum Building Drift
Maximum Drift (in)

Interstory Drift (in)

X

Y

X

Y

12 in

1.37

3.54

0.20

0.58

12-18 in

1.02

2.68

0.15

0.44

18 in

0.89

2.26

0.13

0.37

18-24 in

0.73

1.86

0.10

0.30

(102.4,86.3,165)
(102.4,86.3,165)

Wall Thickness

Calculated Deflection Limits

Maximum Building Drift at Tornado Wind Loads
Wind
Speed
(mph)

Maximum Drift (in)

Interstory Drift (in)

Precast Concrete Shear Walls Conceptual Analysis

Height (ft)

H/600 (in)

0.01*H (in)

Roof

143

2.86

17.16

Floor 9

129

2.58

15.48

Floor 8

115

2.3

13.8

Floor 7

101

2.02

12.12

Floor 6

87

1.74

10.44

X

Y

X

Y

Floor 5

69

1.38

8.28

Floor 4

51

1.02

6.12

Floor 3

35

0.7

4.2

Floor 2

18

0.36

2.16

Floor 1

0

0

0

Base

0

0

0

ASCE 7-10

120

1.02

2.68

0.15

0.44

F2

135

1.13

2.99

0.16

0.49

F3

165

1.72

4.83

0.25

0.79

F4

200

2.38

6.95

0.34

1.13

STRUCTURAL SUPPORTING DOCUMENTS

(102.9,81.6,165)
(136.5,76.6,165)

CIP Concrete Shear Wall System
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ALTERNATIVE SYSTEM COMPARISON CHART
The structural design team considered a variety of systems at the beginning of the design process in order to identify systems that would be feasible to apply to the Children’s Hospital and Medical Center. Below is the a variety of gravity and lateral systems that the team considered and how they
accomplish each of the team’s design goals. Using this comparison chart, Fusion selected four systems to take in to conceptual design, which can be read about in Sec. 6 and Sec. 7.
Concrete Gravity Systems
Two Way Concrete
Post-Tensioned Slab Beam Supported CIP
Slab System

Steel Gravity Systems
Two way concrete
flat plate system
with edge beams

Lateral Systems

Composite Deck and Non Composite Deck Hollow Core Panels
Structural Steel
and Structural Steel
Steel Frame

Buckling Restrained Passive/ Active Mass
Steel Moment Frame Steel Braced Frame
Brace Frame
Damping System

Concrete Moment
Frame

Concrete Shear Wall Masonry Shear Wall

Pro

Rigid, low vibrations,
cost effective, limits
Thin slab maximizes Rigid, low vibrations,
fire spread without Easy to core through Easy to core through
Improves motion
floor to floor space, cost effective, limits
Quick to build, long
High capacity of
fireproofing, flat plat for new mechanical for new mechanical
control for high wind Flexibility of spaces
open space to run fire spread without
span planks
frame lateral systems
leaves large amount
penetrations
penetrations
areas
duct and conduit
fireproofing
for room to run duct
and electrical

Higher stiffness,
would require less
frames than steel
moment frames

Con

Penetration through
slab require
significant
Beams interfere with
coordination, and
penetrations and
not feasible after duct runs in plenum
construction.
Possible vibration

Higher drift, need
larger number,
Limited placement,
Can conflict with
additional reinforcing
architectural issues
architectural layout
for moment
connections

Punching shear
concerns, rebar
congestion

Long span decking Long span decking
High cost, mostly
would create the
would create the Issue of collaborating used for seismic
vibration issues to
vibration issues to
with mechanical where braced frames
the lab spaces, floor the lab spaces, floor system., issues with
are not enough
thickness will
thickness will
post installation
lateral resistance,
decrease floor to
decrease floor to
coring
testing needed to
ceiling area
ceiling area
confirm performance

High cost, testing
need to confirm
performance

Higher cost for
connections

Architectural
flexibility

Higher stiffness,
applicable to the
elevator shaft

Easier for
construction

Not feasible for tall
building based on
required sizes

Adaptability

N

Y

Y

Y

Y

N

N

N

Y

Y

Y

Y

N

Wellness

Y

Y

Y

Y

Y

Y

N

Y

N

Y

N

Y

N

Community

N

N

N

Y

Y

Y

Y

Y

N

N

N

Y

N

Integration

N

N

Y

N

N

N

N

N

Y

N

N

Y

N

SYSTEM GOALS SUMMARY

Fusion’s Integrative Gravity Design Goals
Team Goals

Structural Team Goals
Increased loading for disaster event

Adaptability
Flexible floor plan for growth and changes in use

Floor plate design for 160% capacity in flexible spaces
Goal Met

Bays meets walking vibration criteria of 0.05%
acceleration
Structural system at exterior edge limited to 30”
Handle increased loading to support landscape
design

Most bays are under walking vibration criteria of 0.5%, critical bays met
criteria
Structural system at exterior edge 29”

Decrease schedule for structural system by 15%

Schedule for structural system was decreased by 14.3%

Efficient design /sustainability

Minimize pounds of steel per square foot

Pounds of steel per square root was 8.2 in original iteration, decreased
10 % to 7.4 in final iteration

Interdisciplinary coordination

Eliminate clashes with MEP and optimized system
layout

Goal Met

Increase daylighting
Roof garden and therapy space

Community

Goals Met/Exceeded

Minimize number of columns

Minimize floor vibration
Wellness

Structural Design Criteria
Floor plate design for 150% capacity in flexible
spaces

Minimize building impact in construction
duration

Integration

Goal Met
PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA

Fusion’s Integrative Lateral Design Goals
Team Goals

Structural Team Goals

Structural Design Criteria

Goals Met/Exceeded

Resist tornadic event wind loading

Meet industry standards for tornado wind design

Design withstands ASCE 7-10 design wind loading and drift limitations

Flexible floor plan for growth and changes in use

Minimize permanent walls in lateral systems

Goal met

Wellness

Limit building and interstory drift

Meet interstory and total building drift limit of H/600

Concrete shear wall system exceeds H/600 drift criteria

Community

Maintain operability during and after a disaster
to serve community relief efforts

Lateral system will continue to operate after higher
wind loading from disaster

Building drift under tornadic wind loading does not cause damage to
system or facade

Adaptability
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Dead Loads
Floor Superimposed Dead Load
MRI Dead Load
Roof Loads
Roof Snow Load
Roof Superimposed Dead Load
Green Roof Dead Load
Roof Live Load
Helipad Live Load
Helicopter Max Take-off Weight
Live Loads
Patient Room Live Load
Hospital Corridor Live Load
Office Live Load
Operating Room Live Load
Dining Room Live Load
Stairs Live Load
Mechanical Floor Live Load
Roof Garden Live Load
Façade Load
Façade Load
Façade Live Load
Helipad Loads
Live Load
Max Takeoff Weight
Dynamic Load
Rotor Load
Snow Load

30
psf
30,638 lbs
26
15
85
20
100
22,000

psf
psf
psf
psf
psf
lbs

40
80
50
60
100
100
125
100

psf
psf
psf
psf
psf
psf
psf
psf

180
20

plf
plf

100
26,500
39,750
15
26

psf
lbs
lbs
psf
psf

Level

FLOOR HEIGHT

Roof
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
Lower Level 1
Lower Level 3

14 ft
14 ft
14 ft
14 ft
18 ft
18 ft
16 ft
17 ft
18 ft
0 ft

Zone
1
2
3

Zone
1
2
3

Live load reductions were taken on floor
ASCE7-10
7-10
loads as per ACE

Level

FLOOR HEIGHT

Gravity Loading Diagram

Roof
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
Lower Level 1
Lower Level 3

14 ft
14 ft
14 ft
14 ft
18 ft
18 ft
16 ft
17 ft
18 ft
0 ft

Zone
1
2
3

Zone
1
2
3

Elevation Wind Pressure Loads (120 mph)
Height above
Zone 4
(+)
(-)
ground
143.0 ft
32.326
-36.944
129.0 ft
31.654
-36.176
115.0 ft
30.87
-35.28
101.0 ft
30.023
-34.312
87.0 ft
29.12
-33.28
69.0 ft
27.706
-31.664
51.0 ft
26.005
-29.72
35.0 ft
23.975
-27.4
18.0 ft
20.846
-23.824
0.0 ft
0.00
0.00

Zone 5
(+)
32.326
31.654
30.87
30.023
29.12
27.706
26.005
23.975
20.846
0.00

(-)
-50.796
-49.716
-48.51
-47.196
-45.738
-43.542
-40.896
-37.68
-32.808
0.00

(+)
NA
NA
NA

Level 2 Roof Pressure Loads (120 mph)
p (Table 30.7-2)
Final Design Wind Pressure (psf)
(-)
(+)
(-)
-54.41
NA
-38.087
-85.33
NA
-59.731
-116.26
NA
-81.382

(+)
NA
NA
NA

Level 9 Roof Pressure Loads (120 mph)
p (Table 30.7-2)
Final Design Wind Pressure (psf)
(-)
(+)
(-)
-67.57
NA
-47.299
-106.05
NA
-74.235
-144.53
NA
-101.171

Elevation Wind Pressure Loads (200 mph)
Zone 4
Height above
(+)
(-)
143.0 ft
89.789
-102.616
129.0 ft
87.843
-100.392
115.0 ft
85.75
-98
101.0 ft
83.468
-95.392
87.0 ft
80.871
-92.424
69.0 ft
77.028
-88.032
51.0 ft
72.24
-82.56
35.0 ft
66.64
-76.16
18.0 ft
57.96
-66.24
0.00
0.00
0.0 ft

(+)
NA
NA
NA

Level 2 Roof Pressure Loads (200 mph)
p (Table 30.7-2)
Final Design Wind Pressure (psf)
(-)
(+)
(-)
-150.99
NA
-105.693
-237.02
NA
-165.914
-323.06
NA
-226.142

(+)
NA
NA
NA

Level

Zone 5
(+)
89.789
87.843
85.75
83.468
80.871
77.028
72.24
66.64
57.96
0.00

Level 9 Roof Pressure Loads (200 mph)
p (Table 30.7-2)
Final Design Wind Pressure (psf)
(-)
(+)
(-)
-187.64
NA
-131.348
-294.49
NA
-206.143
-401.44
NA
-281.008

T.O. Parapet
Roof
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
Lower Level 1
Lower Level 3

(-)
-141.09
-138.072
-134.76
-131.124
-127.044
-120.996
-113.544
-104.73
-91.056
0.00

T.O. Parapet
Roof
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
Lower Level 1
Lower Level 3

Level
Roof
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1
Lower Level 1
Lower Level 3

Distribution of ASCE 7-10 Wind Loads (120 mph)
Story Shear
Floor Height
Height Above
E-W
N-S
5 ft
148.0 ft
38 kips
30 kips
14 ft
143.0 ft
132 kips
106 kips
14 ft
129.0 ft
285 kips
230 kips
14 ft
115.0 ft
435 kips
351 kips
14 ft
101.0 ft
582 kips
470 kips
18 ft
87.0 ft
748 kips
604 kips
18 ft
69.0 ft
927 kips
749 kips
16 ft
51.0 ft
1,161 kips
881 kips
17 ft
35.0 ft
1,374 kips
1,003 kips
18 ft
18.0 ft
1,579 kips
1,121 kips
0 ft
0.0 ft
1,681 kips
1,181 kips
Base Shear
1,681 kips
1,181 kips
Distribution of F4 Tornado Wind Loads (200 mph)
Story Shear
Height Above
Floor Height
E-W
N-S
Ground
5 ft
14 ft
14 ft
14 ft
14 ft
18 ft
18 ft
16 ft
17 ft
18 ft
0 ft
Base Shear

148.0 ft
143.0 ft
129.0 ft
115.0 ft
101.0 ft
87.0 ft
69.0 ft
51.0 ft
35.0 ft
18.0 ft
0.0 ft

105 kips
366 kips
790 kips
1,208 kips
1,618 kips
2,076 kips
2,576 kips
3,224 kips
3,816 kips
4,385 kips
4,670 kips
4,670 kips

Distribution of Seismic Forces
Distributed Seismic
Height Above Ground
Force (Fx) N-S (kips)
143.0 ft
471.10
129.0 ft
434.80
115.0 ft
345.55
101.0 ft
266.54
87.0 ft
197.77
69.0 ft
124.0
51.0 ft
110.91
35.0 ft
49.70
18.0 ft
13.32
0.0 ft
0.00

Wind Pressure Zone Diagram

85 kips
296 kips
638 kips
976 kips
1,307 kips
1,677 kips
2,081 kips
2,447 kips
2,785 kips
3,115 kips
3,281 kips
3,281 kips

Distributed Seismic
Force (Fx) E-W (kips)
800.87
739.16
587.43
453.11
336.20
211.48
188.56
84.49
22.64
0.00

PROJECT
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Patient Room Load (40 psf)

Zone 2

Corridor Load (80 psf)
Special Equipment
(Future) Load

Zone 3
See Structural SD-B for load calculation and parameters

Zone 4
Zone 5
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W18x40 (18)

W18x35 (18)

W18x40 (18)

W18x40 (18)

W18x40 (18)

W18x40 (18)

W18x35 (30)

W18x40 (18)

W18x40 (18)

W18x35 (30)

W18x40 (18)

W24x64 (42)

W18x35 (30)

W18x40 (18)

W27x84 (37)

W18x40 (18)

Floor Composite Deck Fire Rating
W18x35 (52)

W24x64
(13)
W18x35(42)

W24x62 (32)

W18x35 (30)

W24x64 (23)

W14x22 (12)

W24x55 (33)

W21x50 (52)
W21x50 (52)

W18x35 (30)

W18x35 (49)

W8x10

W21x50 (47)

BUILDING ELEMENT
Primary Structural Frame
Exterior Bearing Walls
Interior Bearing Walls
Interior Nonbearing Walls and Partitions
Floor Construction
Roof Construction

32’

W21x50 (72)

W8x10

W18x35 (13)

W8x10 (10)

W14x22 (22)

W14x22 (12)

W18x35 (40)

W8x10 (10)
W16x26 (16)

W12x14 (14)

W18x35 (20)

W8x10

W12x14 (8)

W24x84 (38)

W24x55 (23)

W18x35 (25)

W18x40 (15)

W8x10 (6) W24x84 (36)

Fire Ratings according to IBC 2012
TYPE 1A (hours)
Design
3
Steel Framing with Spray Fireproofing
3
N/A
3
Minimum 6” Concrete Wall
0
N/A
2
4-1/2” Normal Weight Concrete Topping on 2” Metal Deck
1.5
4” Normal Weight Concrete Topping on 2” Metal Deck

Composite Floor System

32’

Deck Direction

W18x40 (24)

W18x40 (24)

W18x40 (24)

W16x31 (46)
W16x26 (12)

W12x14 (8)

W12x14 (8)
W12x19 (10)

W12x19 (13)
W12x14 (8)

W10x12 (9)

W18x40 (18)

W16x31 (23)

W10x12 (6)

W16x26 (12)

W16x31 (43)

W12x19 (8)

W24x55 (24)

W18x40 (18)

W12x14 (8)

W12x14 (8)

W8x10

W18x40 (24)

W18x40 (18)

W8x10

W18x40 (22)

W18x40 (18)

W18x40 (18)

W18x40 (18)

W24x62 (24)

W18x35 (23)

W24x62 (24)

W21x50 (52)

W18x35 (29)

W18x40 (18)

W18x40 (18)

W8x10

32’

W18x35 (30)

W18x40 (22)

W8x10

W18x35 (30)

W10x12 (6)

W16x31 (12)

W18x40 (18)

W10x12 (6)
W18x40 (32)

W14x22

W8x10 (4)

W18x40 (20)

W24x62 (55)

W18x35 (30)

W16x26 (36)

W18x40 (18)

W24x55 (24)

W18x40 (20)

W24x68 (28)

W18x35 (30)

W24x62 (84)

W21x50 (52)

34’

TYPICAL PATIENT TOWER FLOOR PLAN

Typical Composite Section Calculation
Frame
Beam
Design
Composite
Location
Corridor
Concrete
NW
BEAM SIZE
W18x40
Ix (in^4)
612.00
ILB (in^4)
1450.00
Weight (lb/ft)
40.00
Unshored Mu (kipft)
123.7
Unshored ΦMn (kft)
294
Mu (kip ft)
185.58
ΦMn (kft)
538
Qn (k)
274
# of Studs
16
Meets Stud n Req?
YES
Wet Concrete Load (k/ft)
0.59
Wet Concrete Deflection (in)
0.79
Meets Limit?
YES
Live Load Deflection Limit
1.07
(L/360) (in)
Live Load Deflection (in)
0.18
Meets Limit?
YES
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W12x14 (8)

W18x35 (16)

Level 5

W18x35 (18)

43’

W18x35 (52)

36’

Level 3

32’

W18x40 (46)

W18x40 (46)

W18x40 (46)

W18x40 (46)

W18x40 (46)

Level 2

Level 1

W21x44 (20)

W21x50 (72)

40’

W21x44 (20)

W21x44 (20)

W12x14 (8)

W16x26 (12)

W12x14 (8)

W18x35 (19)

W10x12 (9)

W12x14 (8)
W12x19 (10)

W14x22 (10)

W14x22 (10)

W12x19 (8)

W16x31 (12)

W18x35 (16)
W16x26 (12)

W12x14 (8)

Lower Level 5

W18x35 (18)

W10x12 (6)
W21x44 (31)

W16x26

W16x26 (14)

W18x40 (46)

W24x55 (24)

W18x40 (46)

W12x14 (8)

W12x14 (8)

W8x10

W18x40 (46)

W21x44 (20)

W8x10

W21x44 (20)

W18x40 (46)

W18x40 (46)

W18x40 (46)

W24x68 (30)

W18x40 (46)

W18x40 (46)

W24x68 (30)

W24x55 (34)

W18x40 (46)

W18x40 (46)

W8x10

W18x40 (46)

Lower Level 3

W10x12 (6)

W8x10 (4)

W18x40 (18)

W24x68 (43)

W18x40 (46)

W16x26 (36)

W18x40 (46)

Lower Level 1

AT GRADE
W24x55 (24)

W18x40 (46)

W24x68 (30)

W18x40 (46)

W21x44 (20)

W8x10

W18x40 (46)

W18x40 (46)

W18x40 (46)

32’

W18x40 (46)

W24x68 (30)

W24x68 (30)

W18x40 (46)

W24x68 (30)

W24x55 (34)

W24x55 (34)

33’

W18x40 (46)

Splice

W14x145

W18x40 (28)

W27x84 (37)

W18x40 (46)

W14x109

Level 4

W18x40 (19)

(34)
W24x68
W18x35 (13)

W18x40 (46)

W18x40 (41)

W24x68 (34)

W24x55 (34)

W18x40 (46)

W14x82

Level 6

W18x40 (49)

W14x22 (12)

W14x61

28’

Level 7

W14x193

W18x40 (18)

W8x10

W24x55 (27)

Roof

28’

W8x10

W18x35 (18)

W8x10 (10)

W16x26 (10)

W16x26 (12)

W44x 230 (246)

W12x16 (8)

W18x40 (18)

W8x10 (10)
W16x26 (16)

W12x16 (8)

Column 3F

W18x40 (44)

W44x230 (77)

W36x135 (124)

W33x118 (56)

W12x16 (12)

W8x10

W8x10 (6)

W24x68 (41)

W21x44 (60)
W27x84

W27x84

W27x84

W27x84

W27x84

W33x118

32’

LEVEL 2 ROOF GARDEN FRAMING PLAN

Composite Deck Section
PROJECT

Green Roof Section
Fire Rating

Growing Material
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Drainage Mat
Root Barrier
Insulation
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Waterproofing
Concrete Slab on Metal Deck
Roof Drain
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W8x10 (6)

W24x84 (36)

W24x84 (38)

32’

34’

32’

HELIPAD FRAMING PLAN
HELIPAD LOADING DIAGRAM

Uplift Wind Load (-281 psf)
Live Load (100 psf)

32’

LEVEL 9 ROOF FRAMING PLAN

PROJECT
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Helicopter Model
Sikorsky S-76D
(Medevac Helicopter)
S-70 Blackhawk
(Military Helicopter)

Design Helicopter Requirements
Max Takeoff Weight (lb) Minimum TLOF (ft)
11,700
22,000

44
53.8

SHEET TITLE

Minimum FATO (ft)

HELIPAD PLAN
AEI TEAM NO.

78.75
97.2

02-2018

NOT FOR CONSTRUCTION

E-W Landing Gear
Layout Blackhawk

N-S Landing Gear
Layout Blackhawk

Takeoff Wind
Load (15 PSF)

DATE
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Pile Design Schedule
Piles

4 Piles
8 Piles
10 Piles

Top of Piles

Length (ft)
(per in field
conditions)

Lower Level 5

81’-0”

Lower Level 3

103’-0”

Lower Level 5

81’-0”

Lower Level 3

103’-0”

Lower Level 5

81’-0”

Lower Level 3

103’-0”

Compressive
Strength
Concrete (PSI)

Pile Reinforcing
Vertical

Ties

Pile Cap
Size

Thickness

Reinforcing

Number
19

10’-0”x10’-0”
3000

(4) #8

#3 @ 6” O.C.

41
55”

13’-6”x15’-0”

#8 @ 12” O.C.
Each Way

7
22

13’-6”x20’-0”

Basement Foundation Walls

22

0

Section C-C

Shear Wall Mat

1

85’-0” Pier Depth (to be confirmed per in field conditions)

2

107’-0” Pier Depth (to be confirmed per in field conditions)

2

C
B

B
A

Typical SOG Detail

A

FOUNDATION PLAN
Foundation Wall Section A-A

6 IN.
CONCRETE SLAB

Auger CIP Pier Section B-B

TOP OF SLAB
ELEVATION

DEWATERING
SYSTEM
12 IN. MIN
GRANULAR FILL

2
#8 @ 12” O.C. Vertical

#8 @ 12” O.C. Each Way
#5 @ 12” O.C.
Horizontal

3” Clear Cover

CONCRETE
RETAINING
WALL
24 IN. MIN
WRAP OF
FILTER

SOIL SUBGRADE

4” Embedment

12”

#3 Ties @ 6” O.C.
(4) #4 BARS
PROJECT

83’-0”
#4 @ 12” O.C. Each Way

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

20”

2’-0”

OMAHA, NEBRASKA

6’
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FOUNDATION PLAN

6” MIN
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11’-3”

11’-3”

SHEAR WALL DEFLECTION

#5@12” O.C.
Vertical

#4@6” O.C.
Vertical

—2.76 in

2.76 in

#4@9” O.C.
Horizontal

#4@12” O.C.
Horizontal

24’-0”

12”

24’-0”

12”
18”

18”

Section A-A

Section D-D

A

34’-4”
E

12”
#3@6” O.C.
Vertical

B

A

B

C
C

E

13’-0”

#4@12” O.C.
Horizontal

D

D

18”

Section B-B

29’-8”

18”
12”

#4@6” O.C.
Vertical
13’-0”

#4@12” O.C.
Horizontal

12”
18”
34’-4”

Section C-C
Shear Wall Reinforcing Schedule
Reinforcing Bars
Compressive
Strength (psi)
Vertical
Horizontal
#3@6" oc #3@6" oc
#4@12" oc #4@9" oc
C-Shape North Elevator Core
5000
#4@12" oc #3@6" oc
#5@12" oc #5@12" oc
#4@12" oc #4@6" oc
C-Shape Central Elevator Core
5000
#4@12" oc #4@9" oc
#4@12" oc #3@6" oc
#4@9" oc #4@9" oc
#4@12" oc #4@6" oc
C-Shape South Elevator Core
5000
#4@12" oc #3@6" oc
#9@12" oc #7@12" oc
#4@9" oc #8@12" oc
#4@9" oc #6@9" oc
Box Core Stair Tower
5000
#4@6" oc #4@6" oc
#4@9" oc #4@9" oc
Box Core Podium Stair Tower
5000
#4@9" oc #5@12" oc

Section E-E

Story Shear N-S

13’-0”

#4@12” O.C.
Horizontal

#4@9” O.C.
Vertical

LATERAL SYSTEM DESIGN
The structural design team selected a cast-in-place
concrete shear wall systems to meet the design team’s
goals. The shear wall design is a combination of 18” and
12” walls that create an efficient section while
minimizing building drift. Fusion coordinated the
placement of the shear wall system to minimize impact
on the flexibility of the floor plan as the hospital

Story Shear E-W

changes throughout its lifespan. Meeting ASCE 7-10
drift limitations of H/600 allowed Fusion to provide the
Children’s Hospital with a building that will not sustain
critical damage to structural systems, allowing it to
remain in operation after a natural disaster to serve
community relief efforts.
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IMPACT RESISTANCE
1
1

2

Option 3— Glass Clad Polycarbonate

GLAZING CALCULATIONS

1/4” Glass

Double Stud Frame

2 2 Layers of 3/4” Concrete Fiberboard

5/8” Polycarbonate

3 Insulation

1/8” Annealed Glass

4 14 ga. Steel
3

Missile Impact Speeds per ICC 500
Design Wind Speed
Surface
Impact Speed
Vertical Surfaces
100 mph
250 mph
Horizontal Surfaces
67 mph

SNX 62/67
1/2” Air Gap
3/8” Glass

4

Lamination
Sika Sarnafil G410 PVC Membrane 1

PET Sheet

Sika Sarnafil Sarnacol 2170
Georgia-Pacific Gypsum DensDeck

2

Insulation Adhesive
Insulation 3
Insulation Adhesive
4” Concrete Slab on Metal Deck with 4
#4 @ 12” O.C. Each Way

IS 20 Coating

1
2

Option 2—1” IGU

3

1/4” Glass

4

Lamination
SNX 62/67
Texas Tech Wind Science and Engineering Research Center Construction Material Threshold Testing Results
Assembly Description
Assembly
Threshold Missile Speed (mph)
2 layers of 3/4” plywood, one layer of 14 ga. steel and
<112.8
4x4 ft, double stud frame
4” thick pea-gravel concrete with #4 rebar
162.0
reinforcement 12” O.C. each way

1/2” Air Gap
3/8” Glass

Option 2 & 3—3/4” Glass

IS 20 Coating

3/4” Glass
Lamination

IGU Glazing Calculations

1” IGU
Lite 1 (mono) Lite 2 (lami)
48
48
84
84
0.25
0.25
1.75
1.75
36.575
36.575

MULLION DESIGN
3/4” Monolithic Laminated Glass
L (in)
96
W (in)
84
t (in)
0.75
NFL (kPa)
4.25
NFL (psf)
88.825
Glass Type Factors
4
(Fully Tempered)
Load Share Factor
1
Load Resistance (psf) 355.3
IGU Unit Load
355.3
Resistance (psf)
Required Load
141
Resistance (psf)

Typical mullions were designed as 2-1/2” by
10-1/2”. The values on the vertical mullion
design charts were extrapolated to the design load of 141 psf.

DOUBLE SKIN FAÇADE CONNECTION DETAIL
#3 @12” O.C.
10” Embedment @ 12” O.C.

1/2” Bent Pour Stop Plate
Thermal Insulation Material
3/4” Diameter Threaded Bolt

(5) 3/4” A325N Bolts
5x3x3/8 Angle

Floor 8 Connection Detail
Louvres
Dampers

L (in)
W (in)
t (in)
NFL (kPa)
NFL (psf)
Glass Type
3.6
Factors
Load Share
0.5
Factor
Load
263.34
Resistance (psf)
IGU Unit Load Resistance (psf)
Required Load Resistance (psf)

Double skin façade extends 5’ above the roof to exhaust
to outside through a louvre system. Dampers are located
at the top and bottom of the double skin façade and open
to negatively pressure the façade in case of fire smoke.

263.34
141

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA
BUILDING ENCLOSURE
AEI TEAM NO.
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Continuous Closure Flashing
Panel Clip with Fasteners

263.34

SHEET TITLE

Insulated Metal Panel
Stack Extrusion with Weep Holes

0.5

PROJECT

Floor 2 Connection Detail Dampers
C7x9.8 Angle
C6x13 Angle
C7x9.8 Angle

3.6

DATE

Exhaust to DSF
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CENTRAL PLANT STRUCTURAL DESIGN

BAY VIBRATION STUDY

Main Electrical Room
Chillers

In alignment with Fusion’s goal to maximize patient wellness, the
structural design team evaluated the bays on the patient floors for
excessive walking vibrations. For more on the bay analysis, see Sec.
6.5. Below is the design bay acceleration values in bays where
patient rooms or sensitive equipment is located.

10’x35’x8” Precast Concrete Panels

Microturbines
Generators
Generator Room
0.362%
The CHP plant houses the main mechanical
equipment and emergency generators.
These facilities will keep a hospital running
after power failure or a natural disaster,
therefore the structural design team
designed 8” concrete shear walls and
precast panels that limit drift at 200 mph
wind speed to 0.14” at the roof and protect
from missile impact.

0.444%

Storage &
Delivery
Hallway

0.207%

0.180%

0.178%

0.169%

0.169%

0.178%

0.169%

0.165%

0.178%

0.178%

0.178%

Expansion Joint
Cooling Tower Load

W16x26 (12)
W10x45

W18x35 (16)
W18x35 (16)
W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W24x68 (28)

W18x35 (16)

W18x35 (16)
W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W21x44 (20)

W10x49

W10x45

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W18x35 (16)

W21x44 (20)

W18x35 (16)

W24x68 (28)

W18x35 (16)

W21x44 (20)

W10x49

8” Concrete Cast-inPlace Shear Wall (2)
#3@9” O.C. Each Way
TYP.
W10x49

W24x68 (28)

W18x35 (16)

W21x44 (20)

W10x49

W10x49

W18x35 (16)
W10x45

W10x45

W8x10 (4)

W10x45

W24x68 (28)

W18x35 (16)

W10x49

W21x44 (20)

W10x49

W18x35 (16)

W18x35 (16)

W24x68 (28)

W10x49

W21x44 (20)

(4) 24” Piles with
Pile Cap, see S-106
for detail schedule

W21x44 (20)

W18x35 (16)

W21x44 (20)

W10x49

W16x26 (12)

W16x26 (12)

W8x10 (4)

W10x45
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MECHANICAL EXECUTIVE SUMMARY
For the 2018 AEI Student Design Competition, Fusion worked as an multi-disciplinary team to create a center of wellness that adapts
to the changing needs of the Children’s Hospital and Medical Center community. Fusion worked in a collaborative manner between
all disciplines to deliver a final design which emphasizes the project goals of ADAPTABILITY, WELLNESS,, COMMUNITY,, and
INTEGRATION.. The mechanical design team addressed and resolved the project challenges through iterative design processes and
cross-discipline coordination.

COMBINED HEAT AND POWER

RAINWATER COLLECTION

FAÇADE SMOKE EXHAUST

The mechanical design team chose
to supplement the electrical and
thermal systems with a combined
heat and power system. This helps
improve the building’s ability to
adapt to disasters. It also creates a
more energy efficient building
system.

Both the tower roof and the green
roof have been designed with roof
drains that collect rain water and
snow from the building. This water is
recycled and used as cooling tower
make up water.

The high performance double skin
façade air cavity, occupiable by
maintenance personnel, poses a fire
safety challenge. A system of
rooftop exhaust fans creates
negative pressure controlling the
smoke spread and removing smoke
from the air cavity.

PATIENT ROOM OPTIMIZATION

HIGH-PERFORMANCE FAÇADE

MECHANICAL ROOM MOVE

To improve patient experience,
Fusion provided a peaceful and
healing environment. The design
includes a set of patient centric
controls and an acoustically
optimized environment.

By using a double skin façade, Fusion
designed an enclosure that utilized
the remaining energy in the relief air
to reduce energy loss through the
enclosure. Additionally, it created
more
comfortable
thermal
environment for the patient room
and improved the overall building
acoustics.

In order to centralize the mechanical
room and avoid intake of any
helicopter exhaust, the mechanical
room was moved from Level 7 to
Level 2. The location improved
equipment
performance
and
provided for ease maintenance of
the equipment.

AEI TEAM 02-2018
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Mechanical Table Of Contents

3.0 Project Scope Goals
Fusion’s four main design goals are integration,
adaptability, wellness, and community.

1.0

Project Introduction

2.0

Team Mission

3.0

Project Scope Goals

Integration for Better Building Performance

4.0

Codes and Standards

5.0

Building and Site Analysis

6.0

Establishing a Baseline

7.0

Building Enclosure

8.0

System Design

9.0

Plumbing

From the inception of the project, Fusion focused on a
holistic approach informed by all disciplines to create
effective and efficient systems for the hospital.
Throughout the entire process, collaboration and
integration were drivers for achieving the design
outcome of an energy efficient, cost effective, and
dependable hospital.

10.0 Fire Protection
11.0 Acoustics
12.0 LEED Rating System
13.0 Lessons Learned
14.0 Conclusion

1.0 Project Introduction
A pediatric and neonatal care center addition to The
Children’s Hospital and Medical Center it is located in
Omaha, Nebraska. It is a 390,000 SF addition to the
hospital, including a subgrade level, three-story podium,
six story tower, and roof helipad. The hospital addition
faces Route 6, a major east-west road in Omaha. The
addition is situated in-between the existing Children’s
Hospital and the Specialty Pediatric Hospital and, for the
purposes of the competition project, does not connect
to these existing buildings. Fusion has worked to design a
solution that works hand in hand with the goals of the
medical staff, the patients, and their families to provide
world-class pediatric care to the community of Omaha.

2.0 Team Mission
Through a collaborative team dynamic, Fusion delivered
a state of the art medical center in line with the
Children’s Hospital and Medical Center’s mission. The
building facilitates exceptional clinical care to improve
the life of every child. With a multi-disciplinary and
integrative approach, the Team created a center of
wellness that adapts to the changing needs of the
hospital community.
AEI TEAM 02-2018

Adaptability for a Better Future
The Children’s Hospital must be able to adapt to current
and future facility needs. The building operates 24/7,
creating the need to address how the mechanical system
can adapt on a day to day basis to increase the efficiency
of the building through system optimization. It must also
operate uninterrupted to provide a high standard of care
to patients during times of maintenance and extreme
events, both man made and natural disasters.

Wellness with a Focus on Occupant Experience
Fusion adopted the hospital’s objective of overall patient
wellness as one of the design goals. Fusion recognizes
that patient healing is influenced by the environment in
which the process is taking place. The system and
hospital design addresses the environment’s general
comfort level as well as individual patient control of their
environment. Overall, the design focuses on the mental
and physical well-being of the patient.

Community for the Support of the Hospital Staff
The hospital community includes not just the patients,
but the staff, facility members, and family members.
They directly and indirectly work to uphold the mission
statement of the hospital. As such, Fusion focused on
creating an environment that better supports the
hospital community in achieving their individual and
team goals with greater efficiency and efficacy.

4.0 Codes and Standards
The mechanical design team utilized IECC 2009, as
required by the city of Omaha, and ASHRAE 170 along
MECHANICAL SUBMITTAL 62

with other codes and standards to design the Children’s
Hospital. To see the full list of codes and standards
utilized by Fusion go to page ii of the submission.
By using these codes as the basis of design, Fusion was
able to create a project that complied with all required
codes and, in some cases, exceeded the mandatory
codes and standards.

4.1 Climate Zone
At the start of the mechanical design, Fusion determined
that the Children’s Hospital was located in a 5A climate
zone according to the International Energy Conservation
Code (IECC). For further research into the site climatic
opportunities, refer to Sec. 5.0.

4.2 Design and Analysis Software
The mechanical design team applied a combination of
industry programs to calculate the hospital’s loads and
design the building’s mechanical systems. Trane TRACE
700 was utilized for load computation and parametric
studies creating an optimized envelope and mechanical
system. Fusion created a CFD model in STAR-CCM+ to
look more into the specific properties of the design.
Compute-a-Fan helped to determine fan sizes and prices
for the façade and helipad exhaust system, see Sec. 8.3.4
and 10.2 for details.) Finally, Bluebeam, Excel, AutoCAD,
and Revit were used to design and document the final
mechanical system. For additional details on all of the
integrated software used see SD-A.

The design team found it was best to focus attention on
the exposed north and west façades which also face the
major thoroughfare. See Sec. 7.0 for the design
outcome.

5.2 Climate Analysis
Using ASHRAE Fundamentals 2013, the following climate
conditions were found for Omaha, Nebraska.
Environmental Design Conditions
Cooling

Heating

Temperature

Dry Bulb

94.0 °F

Wet Bulb

77.7 °F

Dry Bulb

-6.1 °F

Table 1: ASHRAE Handbook 2013 Design Conditions

Additionally, the design team used IES VE to create
Figure 1 which gave a better sense of the temperature
stresses of the area. It pointed to the need to address
the serious heating load due to the dominance of the
cold weather stresses for the area. See Sec. 7.0 for
design outcomes for cold weather stresses.

5.0 Building and Site Analysis
Figure 1: Omaha, Nebraska IES Temperature Stresses

This Children’s Hospital is located in a 5A climate zone.
This climate zone is characterized by cool-humid
weather. A site analysis was conducted for the climate,
solar, and wind conditions of the area, with the goal of
creating a set of quantified metrics to inform the building
design.

Omaha also receives average precipitation values of
30.6” of rain and 26” of snow per year. These
environmental factors were utilized when deciding on a
storm water management plan for the building. See Sec.
9.2 for design outcomes.

5.1 Solar Analysis

5.3 Wind Analysis

After ascertaining the sun’s effects on the façades, the
Fusion noticed that a large portion of the south side did
not receive a significant amount of sunlight due to
shading from adjacent buildings. Only two levels are
above the existing adjacent buildings on the west and
south façades and receive full solar gains from sunlight.

The wind rose in Figure 2 reveals that the prevailing wind
is from the North during the winter months and become
more substantial in the South during the summer
months. The wind speed can reach over 24.80 mph in
the winter and 19.70 mph in the summer. See Sec. 7.1
for design outcomes.

AEI TEAM 02-2018
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Due to the original location of the mechanical room on
the floor directly below the helipad, there was concern
that “mechanical wind” may drive the exhaust from the
idling helicopter on the roof helipad down to the outside
air intake one floor below and severely compromise the
air quality. A “Wind analysis” determined the ideal
location of the OA intake and generate an appropriate
design response. See Sec. 8.2 for design outcome.

Fusion’s focus after establishing the baseline was to work
integratively with all disciplines in order to lower energy
use through lighting upgrades, effective façade design,
and placement and design of efficient mechanical
systems. Figure 3 displays a breakdown of the
independent load reductions that the team focused on
for the Optimized Design. See SD-C for more details.

7.0 Building Enclosure
Designing the building envelope is a highly integrative
process between all of the disciplines. A high
performance and adaptable enclosure is necessary for
heat transfer, air and water barrier, visual and
daylighting performance, architectural and community
statement, patient experience, cost effectiveness, and
operation efficiency.

Figure 2: Wind Rose for Omaha, Nebraska

6.0 Establishing a Baseline
The team goal for the mechanical design is 20% energy
reduction from the Baseline Design. The Baseline Design
is defined as meeting the minimum requirements of
ASHRAE 90.1—2010 Appendix G as specified by LEED. By
achieving a 20% energy reduction the Team will receive
10/20 of the possible LEED points for energy reduction.

6,000.00

30,000.00

5,000.00

25,000.00

4,000.00

20,000.00

3,000.00

15,000.00

2,000.00

10,000.00

1,000.00

5,000.00

-

(MMBTU/hr)

(MMBTU/hr)

Additionally, an energy model for the Given Design was
constructed in Trane TRACE with ASHRAE 90.1
prescribed mechanical systems, lighting power densities,
and baseline envelope construction. The Given Design
load was 24,616 MMBTU/yr. For a more detailed
breakdown of the given building energy use and energy
model inputs see Mechanical SD-C.

-

Given Design Building Load
Optimized Lighting Load
Optimized Envelope and Economizer Load
Optimized Load

Figure 3: Given Building Load vs. Building Loads for an
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Figure 4: Location of Double Skin Facade

7.1 Double Skin Façade
The final solution is a unique, high performance double
skin façade. The double skin wall system is installed on
the exposures visible to the community from US Route 6
as shown in Figure 4.
This strategy is supported by a solar study and wind
analysis. After conducting the solar studies for the
hospital, Fusion discovered that the West, North,
Northeast and Southeast façades had high solar gain and
benefit the most from the double skin façade.
The second single skin façade system was significantly
influenced by the fire codes and tight construction
access in the confined courtyards, the fact that some of
the construction are taking place over the existing
building. Another façade system has been chosen for the
wall surfaces facing the existing hospital.
Three assembly options were selected for the double
skin façade and are ranked by their resistance to an EF-4
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tornado. For details on the three options see Integration
Report Sec. 7.2.1.

load savings increased to 34% (9,142.7 MMBTU/yr) for
the building.

Initial trials investigated standard double skin assemblies
that greatly reduced the envelope load. This comes
primarily from reductions in the conductive and
convective loads of the façade that exist due to the cold
temperatures and strong winter winds in Omaha. The
double skin assembly reduced these loads with the
added insulation value of the air space. Reductions
occurred in the solar load due to coating selection for
the window assemblies and the catwalks acting as a solar
shading device.

In order to optimize the way the relief air moved through
the façade, the mechanical design team utilized a
computational fluid dynamics (CFD) model to explore
three different options of how to supply the relief air into
the air cavity.
The three options were as follows: Option 1 supplies
relief air at the bottom of each floor and exhausts from
the top of the same floor. Option 2 feeds the relief air
into the air cavity at each floor and exhausts from the
top. Option 3 feeds the relief air into the air cavity from
the bottom and exhausts it from the top. Figure 5
illustrates all three designs and the results of the
analysis.

7.1.1 Improved Air Cavity and Energy
Due to the cold climate of Omaha, Nebraska, Fusion
focused on reducing the convective and conductive
energy transfer from the building in the winter. The
team looked for an alternative to standard enclosures.
By combining the need for better daylighting and
improving the patient experience, variations of the
double skin façade were studied.

The final solution, in lieu of naturally ventilating the
double skin air space, was to use the significant amount
of relief air to generate an intermediate buffer zone in
the double skin, therefore, reducing the heat transfer.

Figure 6: CFD Analysis of the Temperatures in the Double Skin

A temperature analysis for Option 3 for the heating
design day is shown in Figure 6. The CFD analysis
revealed that all 3 options had similar temperature
gradients. After further analysis of the impacts of the
different options on the other disciplines, it was
determined that Option 3 was best.

A minimum of 79,000 CFM of relief air is sent through an
energy recovery system and then through the facade,
energy to captured the energy from the relief air. This
system in combination with an improved envelope
reduced the heating load by 45% (275.5 MMbtu/yr) and
the cooling load by 9% (1465.5 MMBTU/yr). With the
addition of an air side economizer integrated into the
mechanical and double skin façade systems, the cooling
Option 1: Relief Air enters and exits at each
level
Pros:
Best thermal gradient

Cons:
Louvers on exterior skin
cause structural integrity
and daylight issues
Diffusers conflict with
the beams
Exterior
Acoustic Cross Talk
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Level 7

Level 5

Level 4

Interior

The air will be introduced to the double skin air space
from the bottom of the façade at Level 3 and relieved at
the top of the roof. See Drawing M-102 for a more
detailed image.

Option 2: Relief Air
enters at each level and
exits at the top
Pros:
Good Thermal Gradient

Cons:
Diffusers conflict with
the beams
Acoustic Cross Talk

Level 7

Level 5

Level 4

Option 2: Relief Air enters at the bottom and
exits at the top
Pros:
Good thermal gradient

Cons:
 Double skins need to
extend 3’ below Level 3
to hide the duct run

Exterior Interior

Level 7

Level 5

Level 4

Exterior Interior

Figure 5: 3 Options for Introduction of Air to the Double Skin Facade
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7.1.2 Thermal Comfort
Radiant asymmetry in the window seating area in the
patient room was identified as a potential issue due to
the possibility of a large temperature difference near the
window in the family seating area and down draft of the
11’ high glass.
According to Appendix H in ASHRAE 55, 95% of people
should find a space satisfactory in terms of temperature
asymmetry of the environment. The temperature at
which 5% of people find a cool wall asymmetry to be
dissatisfactory is approximately 18° F.
The concern of asymmetry is often mitigated with
perimeter heating for a single skin façade, but it was
found that a double skin façade was able to eliminate
the concern altogether.
The Given Design utilized a single skin façade with an
exterior temperature of –6° F and assumed envelope
values of minimum ASHRAE 90.1-2007 climate 5A
construction. This design resulted in an internal window
surface temperature of 57° F. With set points within the
room ranging from 70-75° F, the ΔT for the cool wall
reached the 18° F threshold.
However, by creating a conditioned cavity in the façade
with a temperature that is never below 25° F the inner
window surface temperature was raised to a value of 69°
F at minimum, eliminating the problem of thermal
discomfort next to the windows.
For additional discussion of the double-skin façade see
Integration Report Sec. 7.2.

Due to building adjacencies along the south and west
exposure of the building, most windows are at least
partially shaded and receive less solar gain. A solar study
was conducted and revealed that the upper two floors
along the south and west façade do receive full
daylighting and the amount of daylighting that the levels
receive tapers off further down the remaining floors. To
address this environmental condition, Fusion used a
glass with a higher solar heat gain coefficient to combat
these loads on the upper two floors and lower SHGC
values on the lower levels as they do not require the
same coefficient and will benefit from a higher visual
transmittance. Less shading is provided in a step fashion
for every two levels descended. See Mechanical SD-C for
the SHGC value chart.

7.3 Roof
Fusion designed the roofing part of the enclosure to at
least meet the minimum for ASHRAE 90.1 standards in
order to maintain a low thermal load from the assembly.

7.3.1 Tower Roof
The tower roof was designed with an assembly that
included a 4” concrete slab. This was done to increase
the fire rating of the roofing assembly to protect the roof
under the helipad from possible fire events. This increase
in the concrete led to added insulation for the roof
assembly and increased the STC of the assembly which
will help to mitigate noise coming from the helipad. For
additional information on the enclosure see Structural
Report Sec. 10.3.

7.2 Conventional Facade
Fusion continued to create an energy efficient façade
along the remaining exposures. The initial design
included a continuation of the double skin façade design.
However, after further analysis of the code, it was found
that the remaining sides were unable to support the
double skin façade due to fire code requirements for
building separation distances. Similar metal panels,
however, were used on the remaining facades as well as
the IGU’s. This enabled a continuation of Fusion’s energy
efficient façade design. See Mechanical SD-C for more
information on the panel.
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4” Concrete
Slab
Figure 7: Tower Roof Assembly

7.3.2 Green Roof
In order to promote patient wellness, an outdoor green
roof was built at Level 2. The plant material and soil on
top of the roof decreases the heat gain due to
evaporation of the assembly during the wet summer
months. See Integration Drawing I-102 for more
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information on the green roof envelope design.

Plant Material
and Soil Layer

Figure 8: Green Roof Assembly

8.0 System Design
The HVAC system design provides a code compliant
system that is adaptable and provides for the wellness of
patient, and caters to the hospital community to save
time and energy. The system was created using the
concepts of integration and optimization to provide the
best solutions for the hospital.

disaster systems
4. Create easier access to the equipment for operations
and maintenance
5. Locate the plant in an area with less stringent
acoustical and vibrational requirements
6. Provide one location where all central plant
equipment can be housed (i.e. generators, boilers,
chillers, cooling towers, and water heaters)
The ideal location was identified between the service
entrance and the parking deck. See Figure 9 and Drawing
M-101 for more information on the specific location of
the central plant.

8.1 Water Side Design
The water side system must meet the high demands of a
critical care hospital in a way that optimizes energy and
provides dependability. The biggest challenges were
adaptability of the system during times of maintenance
and disaster by way of creating a resilient system that
can be powered during grid failure. The system also
needed to have the concept of integration at its core as
it would require coordination with all other disciplines
regarding location, sizing, and operation.

8.1.1 Central Plant Design
Due to the hospital’s central plant being at capacity, this
building is designed with a new stand alone central plant
that will serve the six floor tower and the podium
structure.

8.1.1.1 Location
For numerous reasons, the original basement location is
not appropriate for a central plant of this magnitude. A
new location will meet the following criteria:
1. Provide easier access for combustion and ventilation
air
2. Provide the ability to easily exhaust air from the
equipment
3. Locate the plant in an area that has space for
adjacent emergency generators to centralize
AEI TEAM 02-2018

Figure 9: New Central Plant Location (Purple) vs. Old Central
Plant Location (Blue)

Moving the central plant to the new outdoor location
improved the design by:
1. Locating the intake and exhaust at locations above
ground
2. Placing the generator adjacent to the CHP system to
accommodate for its fuel supply and intake/exhaust
requirements
3. Providing easier access for the operation,
maintenance, and replacement of large equipment
at the new at grade location
4. Moving the loud plant equipment from the building
mitigating major acoustical concerns of sound and
vibration transmission to the structure.
A separate structure was built to specifically house the
equipment detached from the hospital.

8.1.1.2 Combined Heat and Power
Integration with other disciplines to optimize the
building and system adaptability in the face of natural
disaster were both major drivers for the mechanical
system design. To meet both of these goals, a combined
heat and power (CHP) system was chosen.
Data for the CHP selection was based on hourly thermal
demand data obtained from Trane TRACE and electric
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demand determined by the electrical design team. This
data was then verified and supplemented with data
obtained from a similarly sized hospital.
Based on this data and input from Fusion’s electrical and
mechanical
design
teams, a CHP system
consisting of two
Capstone
microturbines
with
steam heat recovery
generators
were
specified. See Figure
10 for total stacked
CHP thermal output.

operable during different utility outages.
The initial equipment cost was reduced by $550,000 with
the optimized configuration of the cooling system made
entirely of absorption chillers.

Over an entire year, the CHP
provides 45% for the cooling
load and 100% of the thermal
load. By using the CHP
system, the facility will save
$420,000/year
when
compared to a separate heat
and power system utilizing
electric chillers and natural
gas boilers. This results in a
yearly energy savings of 11.58
GW/year and provides an 11
year simple payback for the
CHP system. See Drawing M106 for details.

Additionally, multiple
iterations of the entire
heating and cooling
system were analyzed.
A
final
system
consisting of a 1000
8.1.1.3 Cooling System
kW engine, an 800 kW
Figure 11: Building Mechanical and Electrical System Schematic
The goal of the cooling system
engine, a 250 ton
design was to create the most efficient system that is
single stage absorption chiller, and 2-500 ton electric
resilient, adapts to natural disasters, and continuously
centrifugal chillers were chosen for the optimal design.
provides for the wellness of the Children’s Hospital’s
This configuration allows 45% of the cooling load to be
critical care patients.
met through the CHP supplied absorption chillers, and
creates a minimum 800 kW supply for the electrical
As introduced in Sec. 8.1.1.2, multiple combinations of
system. Two 3800 MBH dual fuel natural gas/diesel high
absorption chillers and electric chillers were analyzed to
steam boilers serve as a 100% backup for the steam
provide an optimized system for the hospital that
production system.
considered both economic and efficiency factors.

Jan.

Feb.

Mar. Apr.

May

Jun.

Jul.

Aug.

Sept.

Oct.

Nov.

Dec.

Figure 10: CHP Steam Output: Absorption Cooling vs. Heating

The dual fuel capability allows the steam system to
operate at full load during turbine maintenance and
provide a level of redundancy in case of gas service
interruption. See Drawing M-106 for information on
which building systems and equipment will remain
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Due to the high first cost of absorption chillers and the
microturbines inability to economically provide 100% of
the steam needed for peak cooling, one 250 ton single
effect absorption chiller and 2-500 ton centrifugal
chillers were specified to meet the building’s 710 ton
peak cooling load. Refer to Figure 11 for a schematic of
the system setup. This allows the absorption chiller to
meet 45% of the yearly tons-hr while an electric chiller
meets the remaining 55%. A yearly savings of 420,000
kWh was achieved by this design when compared to an
all-electric chiller design.
Additionally, N+1 cooling redundancy is met through the
extra electric chiller which aligns with the goal of
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resiliency. The cooling system can operate at full capacity
during multiple service interruption situations aiding in
the goal of adaptability.

Fusion opened up Level 7 for patient rooms with better
views that will extend over the adjacent buildings and
increased daylighting for the space.

By utilizing the absorption chiller in combination with the
CHP system, Fusion was able to remove a total of 10
GWh from the building’s yearly electrical consumption
while creating a more constant steam demand
throughout the year allowing for a more economical
mechanical system.

It would also be much easier to maintain and replace the
air handling units and associated equipment. Part of
Level 2 has been left as an open area leading from the
mechanical room to the green roof. This area would lead
as a direct path to a section of the façade that would
open out onto the green roof.

8.2 Mechanical Room Location

This would allow
the equipment to
be moved out of
the
mechanical
room and onto the
green roof as can
be seen in Figure
13. Here major
pieces
of
equipment could
Figure 13: Green Roof Access
be moved by way
of a crane. This system would allow major maintenance
to be performed with minimum impact on the internal
operations of the hospital.

The Given Design’s location of the mechanical room was
on Level 7 next to ICU shell space. The original location
was directly below the helipad where exhaust from an
idling helicopter could enter the intake louvers making it
necessary to add carbon filters and increase fan horsepower on all 12 air handling units. In addition, this
location is far from the central plant and was at the top
of the building. The mechanical floor was moved to Level
2, with five stories above and four stories below. See
Figure 12 for details on the floor move.

Moving the mechanical room to Level 2 benefitted the
design by:
1. Locating the OA intake away from the helipad and
removing the need for carbon filters
2. Centralizing the location reducing ductwork
3. Reducing steam, chilled water, hot water, and other
utility piping by 5 stories
4. Improving air side pressure drop and saving fan
energy
5. Reduce lifting of equipment both initially and for
replacement
Finally, by moving the mechanical room to Level 2,

8.3 Air Side Design
8.3.1 Air Side System
Due to the importance of operational mechanical
equipment in hospitals, the air side system was designed
using
the
ASHRAE
Hospital
Design
Guide
recommendation of dual path air handling units and
sized between the range of 20,000 and 40,000 CFM.
These units fit within the optimized structural bays of the
hospital and allow maintenance to be completed on the
units without impacting large sections of the facility.
Additionally, by utilizing dual path units, maintenance is

Mechanical

Hematology

Hematology

CCU

PICU
CCU

PICU
NICU

FCC

FCC

NICU
Podium

Mechanical
Podium
Figure 12: Floor Reorganization from Original Design (left) to Optimized Design (right)
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conducted on the system while still maintaining
continuous operation of the units. See Drawing M-107
for the equipment schedule.
These systems require more man hours to service and
additional space in the mechanical room due to size
requirements for the dual path. The system benefits as
each AHU operates only a small section of the hospital
creating a more resilient system that is less dependent
on individual air handling units. See the airflow diagram
on Drawing M-103 for more details.

8.3.1.1 Integration with Double Skin Façade
Fusion’s façade utilized the wasted energy in 79,000 cfm
of relief air to generate a more optimal set of
temperatures between the two layers of glass increasing
the insulation effect of the double skin wall assembly.
The increase in the perimeter insulation value created a
set of conditions that allowed the design to forgo
perimeter heating for the rooms adjacent to the double
skin façade. See Figure 14 for the relief air flow path.
DOUBLE
SKIN AIR
CAVITY

RETURN AIR

Figure 14: Airflow Path through Double Skin Facade

The relief air used in the façade is first routed through a
total energy heat exchanger that transfers 66% of the
relief air’s energy to the incoming outside air. After
exiting the heat exchanger, the air is ducted to the
bottom of the façade to provide near uniform air
distribution in the double skin cavity. By supplying the
double skin air cavity with the relief air, the temperature
difference between inside and outside is reduced by 1/3.
With the understanding that it may not always be
advisable to run the relief air through the double skin air
cavity, a bypass was designed for the system to directly
exhaust out of the building. This bypass would be
activated in the case of a smoke/fire event, activation of
the biological isolation area (see Sec. 8.3.2), and during
AEI TEAM 02-2018

8.3.2 Zoning
Fusion’s innovative façade and outside air requirements
are major drivers for the air handling unit zoning for the
Children’s Hospital.
Table 2 lists the zoning
of the tower air
AHU-1 & 4 North Zone
2-7
handling units. The
AHU-2 & 5 South Zone
2-7
zoning was based on
AHU-3 & 6 Core
2-7
similar loads and OA
Table 2: Tower AHU Zoning
requirements
that
applied to the different spaces. See Drawing M-107 for
more information.
Location

Floors

The quality of the air and rate of supply to the zones are
based on the high standards of ASHRAE 170 to ensure
that the hospital is providing the best IAQ for the health
of the patient.
The systems are also designed to provide the necessary
rooms with positive and negative pressures per ASHRAE
170. The rooms will maintain ±0.01 inches w.c.

RELIEF AIR

SUPPLY AIR
OA
INTAKE

certain maintenance events. See the airflow diagram on
Drawing M-103 for more information.

Additionally, in accordance with the team goal of
adaptability, AHU-1 and the area it serves was designed
to operate as an isolation area within the hospital in the
event of a biological incident. AHU-1 is sized to be able
to switch to 100% outdoor air to avoid recirculating
contaminated air in the event that the zone would need
to be used for a contaminated area. Furthermore, the
rooms in the isolation zone include the necessary
support spaces in addition to the patient rooms. See
AHU zoning plan on Drawing M-107 for details.
As can be seen in Figure 15, Fusion has added doors to
separate zones that, in the event of a biological incident,
will be closed to create an
isolation area. An airlock
space was located adjacent to
the northwest team center.
Within the airlock is the soiled
holding room which will serve
as a holding area for any
contaminated
clothing.
Furthermore, the length of Figure 15: Corridor Airlock
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the airlock was designed to adequately hold a patient
bed being transported through the airlock and maintain
separation.

8.3.3 Patient Rooms
The Fusion mechanical design team put a high priority on
patient experience by providing individual control of
their thermal environment while simultaneously
maintaining the necessary conditions to protect the
building occupants and promote healing. The mechanical
design utilizes a VAV system with terminal hot water
reheat. By using a VAV-RH system, each patient is able to
control their thermal environment within a range of
preset temperatures. The HW reheat is provided by the
exhaust heat of the Capstone brand engines.
Diffusers were placed to avoid drafts on the patient
while moving air across the entire room. See Mechanical
SD-E for patient room diffuser layout.

8.3.4 Helipad Fume Dispersion
To further prevent the intake of exhaust from the idling
helicopter, Fusion designed for a roof fume dispersion
system. The system utilized the façade smoke exhaust
fans already in place with an additional 4 fans along the
south perimeter of the building to create 15 ACH for the
helipad zone. This system draws air contained by the
roof parapet and discharges it vertically to disperse the
particles. This prevents dense fumes from spilling over
the side of the building and into the outside air intake
louvers.

8.4 Building Controls
Fusion’s mechanical design team chose to focus on
optimizing the controls for the patients, staff, and system
to increase the overall wellness and adaptability of the
facility.

8.4.1 Patient Room Controls
As a means to provide for the project goal of wellness,
Fusion has chosen to focus on a more patient-centric set
of controls that allows the patient to access and take
charge of their surroundings where appropriate.
Under the optimized package for the Children’s Hospital,
the patient is able to control their rooms temperature
set point between 70°F and 75°F as recommended by
AEI TEAM 02-2018

ASHRAE 170 for ICU rooms.
Under the smart building package, the patient is
assigned a tablet that has the
ability to control the set point of
the room along with other room
settings such as shading, lighting
color and level, and electronics in
Figure 16: Smart
the room. See Integration Report
Building Patient
Sec. 10.3 for more information on
Controls
the smart building add alternative.

8.4.2 Staff Controls
Fusion designed a set of HVAC controls that adapts to
the needs of the hospital staff.
The nurse has the ability to override the patients’
controls in the room in the event they need to correct
the temperature in the space.
In the case of a medical code in the patient room, the
controls system has the ability to register the distress
signal and reset the HVAC set point appropriately to
adjust for the increase of staff in the room.

Additionally, a software similar to EMS is utilized to
schedule the usage of the OR and Patient rooms by the
staff. When unoccupied, the rooms are put to setback
temperatures. When occupied , the software is able to
schedule base temperatures for the spaces and a start
up time to activate necessary pre-conditioning of the
space. See Integration Report Sec. 10.3 for details.
Finally, Critical Spaces with specific environmental
requirements are equipped with a humidity and
temperature sensor puck. The puck monitors the space
and is connected to a separate system from the BMS to
create a set of alarms for only critical spaces. This system
has the ability to alert staff and facilities if the room is
outside of the set points. This was implemented in OR
spaces and critical refrigeration storage spaces including
medicine and blood storage areas.

8.4.3 System Controls
The system controls were designed to address the goals
of adaptability and wellness for the facility.
The system is able to adapt to outdoor temperature
changes in that it utilizes an air side economizer. This
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reduces cooling energy use by an additional 28% per
year due to the need for cooling year round in the
hospital. It is also able to increase the outdoor air that is
being supplied to the building which lends to increasing
the quality of the air provided. Increasing outdoor air
intake will result in a greater volume of relief air
introduced to the façade air cavity resulting in better
efficiency.
Additionally, the air handling units were configured to
allow for supply air temperature reset so units could
meet the room loads with minimal reheat. Allowing set
points to increase and reduce reheat results in significant
energy reduction.

9.0 Plumbing
Fusion has pursued the idea of sustainability and safety
throughout all of the design to align with the goal of
integrating adaptability and wellness into the Children’s
Hospital.

approximately 973,000 gallons of water will be collected
per year.
Reuse of this water in the toilets of the hospital was
originally considered, but with the additional expense of
piping that would be necessary for the individual
fixtures, the team chose to use the water for cooling
tower makeup. This is a lower first cost option and keeps
the rainwater out of the medical facility avoiding health
concerns.
Rainwater will be piped from both the podium and tower
roof through a series a strainers and sent to the central
plant to be treated before being added to the cooling
towers. If the cooling towers are not in need of makeup
water at the time of collection, the water is then
diverted to 2—26,300 gallon holding tanks buried along
US Route 6. The total system will supply the cooling
towers with approximately 36% of the tower make up
water as can be seen in Figure 18.

9.1 Fixture Improvements
The mechanical design team estimated that 3.5 million
gallons of water would be used a year for the baseline
plumbing design. By using fixtures
with low flow capabilities, the design
team was able to improve the design
water usage by 25% as can be seen in
Figure
17.
This
will
save
approximately $30,000 a year in
terms of water and sewage costs
Figure 17: Low
giving the system a payback period of
Flow Fixture 25%
Water Savings less than 1 year for the higher cost
low flow fixtures. Please refer to
Mechanical SD-D for additional information on baseline
and design fixtures.
The piping for these systems was also moved to a chase
accessible from the air cavity of the double skin façade
rather than in the partition between patient rooms. This
improved ease of maintenance for the system and
acoustical performance. See Integration Report Sec.
7.2.1 for additional details.

9.2 Rainwater Collection
Rainwater is collected from both the tower roof and the
podium roof. Through this rainwater collection,
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Figure 18: Rain Water Collection Savings

In the case of an extreme rain storm causing the storage
tanks to fill, the overflow will be directed to a bio swale
located above the storage tanks. This allows the water to
filter down into the ground and into the higher water
table. The emergency drainage system will also discharge
into the bio swale.
Under Lower Level 5 is a cistern that will be used to
collect ground water from the high water table in the
area. When there is not enough rain water for the
cooling tower makeup, the water from cistern will be
pre-treated and pumped into the central plant’s filtration
system. This water will then be used as additional
makeup water for the cooling tower. This cistern will not
only provide make up water for the cooling towers, but it
will also help to alleviate some of the ground water in
terms of dewatering the site around the foundation.
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Please see Drawing M-108 for additional details.

9.3 Med Gas
Med gas outlet requirements were designed per the
requirements of the FGI guidelines. See Mechanical SD-D
for details on the required number of outlets for each
type of space.
The med gases were included on the prefabricated rack
system for patient rooms and the hallways. See Drawing
C-105 and Integration Report Sec. 10.1 for additional
details. The med gases are also supplied by a boom
rather than a head wall system which reduces
installation and inspection time. See Integration Report
Sec. 9.1 for additional details.
Additionally, the med gas outlet layout was used to
support the disaster preparedness plan. The Level 2
family center rooms are designed according to ICU med
gas requirements. The med gasses are hidden behind a
removable panel so the ports can be accessed during
disaster response situations when additional patients
may be entering the hospital and additional temporary
beds are required. See Integration Report Sec. 8.3 for
more details.

10.0 Fire Protection
Fusion worked to ensure the hospital followed all
applicable codes and regulations in order to create a safe
environment for the patient healing process

10.1 Building System
According to NFPA 13, the sprinkler heads in the general
hospital spaces and patient rooms should be designed
for light occupancy at 15 feet apart. Each patient room
will need to contain approximately 4 sprinklers per room.
However, using extended coverage heads, the number of
heads is cut in half. Additionally, each support space,
office, and corridor was designed according to the
required protection area and sprinkler spacing. Sprinkler
layout can be viewed on Drawing M-110.

A smoke detector was installed in all rooms and corridors
of the hospital with a focus on having a smoke detector
at the smoke vestibule doors separating AHU zone 1.
This set up a full-coverage smoke detection system and
created two separate smoke zones per floor on AHU-1.
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By setting up two smoke zones, this allowed for the
evacuation of patients to a safe area on the same floor in
the event of smoke in one zone. For more information
on smoke detectors and notifications see Lighting/
Electrical Report Sec. 12.1.
Additionally, all return and supply ducts required a
smoke detector in accordance to NFPA 90A due to the
over 15,000 cfm capacity of the air handling units. While
AHU-5 is under 15,000 CFM, a smoke detector is still
located in the supply and return ducts for added
protection. The smoke detection system will send the air
handling units into exhaust mode if smoke is present.

10.2 Façade
Due to the fact that the double skin façade is open from
the bottom of Level 3 to the top of Level 7, smoke and
fire spreading through the façade was a concern for
Fusion.
In order to provide a safe environment in the façade, in
the case of an event, air will bypass
the air cavity and be diverted Side Wall
directly to the outside thereby Sprinkler
halting the air movement that may Dry Pipe
push the smoke elsewhere in the Section
Wet Pipe
façade. Additionally, fans on the roof
System
that have been ducted into the air
cavity will be activated causing the
façade to be negatively pressurized
and air to be pulled at a rate of 20
Figure 19: Fire
ACH from the façade to be exhausted Protection for the
Facade
via the roof exhaust fans.
The area is also equipped with automatic sprinklers. The
sprinkler heads are installed through the metal panels
under each catwalk to protect the interior window and
prevent the spread of possible flames in the façade as
can be seen in Figure 19. See Drawing M-110 for details
on the façade’s smoke exhaust system.

10.3 Helipad
In accordance to NFPA 148 the helipad is equipped with
a fixed foam fire extinguisher system. This system
consists of fixed nozzles surrounding the perimeter of
the deck that can cover the entire helipad in extinguisher
foam with an additional manual foam spray system on
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the deck. The helipad system is monitored by the
building’s fire alarm system and is equipped with the
ability to send notifications to the fire department if the
system is activated. See Drawing M-110 for additional
details. This will be done in tandem with the hospital
staff trained fire brigade that is utilized during helicopter
landings.

for the patient to corridor STC and a minimum of STC-45
was set for the wall between patient rooms. After taking
into account the privacy levels, construction costs, and
room use, the patient to patient wall was assigned STC49 creating an above average speech privacy level and
adding only $0.60/SF by using smaller metal studs and
adding fiberglass insulation to the assembly.

11.0 Acoustics

The patient bathroom entrance was moved to the
headwall to provide easier access to the patient. See
Integration Drawing I-105. This became an acoustical
concern due to having one patient’s bathroom protrude
in plan into another patients room. The patient room to
bathroom wall was set at STC-55 to provide a
confidential level of isolation between the adjacent
rooms. While this did add $1.97 per square foot to the
construction cost, this increase was only necessary for
the portion of the bathroom wall that borders the
adjacent patient room. The new construction greatly
improves patient privacy for both the bathroom
occupant and the neighboring patient.

With the team goal of patient wellness driving the
design, an in depth analysis of the air borne acoustics
and structure borne vibration of the patient rooms and
mechanical room adjacencies was conducted to ensure a
private, quiet atmosphere for the patient to heal.

11.1 Façade
Due to the high amount of traffic on the adjacent US
Route 6, there was concern with the sound transmission
class of the building’s envelope. Calculations were
completed to determine that the envelope would need a
minimum STC of 39 in order to maintain the strictest
requirement of NC of 30 in the NICU rooms. Refer to
Drawing M-109 for calculations.

NC-30

~69 dB
US Route 6
DOUBLE SKIN
ASSEMBLY STC-52

Figure 20: Double Skin Façade Acoustics

By using a double skin façade, Fusion created an
envelope with an estimated STC of 52. The design
substantially exceeds the NICU acoustical requirement of
NC-30 and the typical patient room acoustical
requirement of NC-40.

11.2 Patient Room
To help maintain a low level of noise as well as privacy
for patients, partitions were extended from floor to
structure and a speech privacy calculation was
conducted for all 3 interior walls of the patient rooms. A
minimum of STC-35 was set as part of the FGI guidelines
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Finally, the wall between the room and the corridor is
STC-39, which was the original partition STC value before
re-design. Results and calculations can be found on
Drawing M-109.

11.3 Work Station
To address the concern of patient record privacy within
the open workstations and team centers on each floor,
Fusion has included a set of perforated acoustical panels
along the back edge of each desk. These panels absorb
some of the sound coming from the conversations that
take place in the work stations and team centers. It helps
minimize the sound traveling outside of the work space
and increase privacy for the medical staff’s
conversations.

11.4 Mechanical Room
While Fusion’s decision to move the mechanical floor to
Level 2 of the building was beneficial in terms of
mechanical and electrical runs, construction schedule,
and the structural systems, it did pose an issue of moving
a noisy space to a more central location. The move
initially caused a problem as the mechanical room was to
be located directly below the Infant OR and C-Section
Rooms on Level 3. It was decided to move these Level 3
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rooms and their support spaces across the hall to the ICU
shell space above the family center on Level 2. This
allowed the mechanical room to be located in an area
not vertically adjacent to any critical spaces as Level 1
adjacencies consist of short stay and pre/post op rooms.
See Drawing M-109 for floor plans.
The acoustical requirements of the non-critical
surrounding spaces were then identified and analyzed in
order to determine the required floor and ceiling
assembly.
By identifying the equipment with higher decibel levels
and determining levels for each octave band, a baseline
sound pressure level was identified for the room. Then
using the recommended NC-30 curve for the adjacent
rooms, the necessary noise reduction between the
adjacent spaces and floor/ceiling of the mechanical room
was found. By understanding the necessary reductions,
the Fusion was able to calculate a necessary floor/ceiling
assembly of STC-83. See Drawing M-109 for additional
details on this calculation.
Additionally, to ensure equipment vibrations were not a
detriment, Fusion specified spring isolators, concrete
inertia base housekeeping pads, and a floor assembly of
IIC-70 for the mechanical room and equipment on top of
the 7’ interstitial space between Level 1 and Level 2.
These measures provide a high level of sound reduction
that creates quiet, vibration free spaces adjacent to the
mechanical room. Results and calculations can be found
on Drawing M-109.

12.0 LEED Rating System

load energy and lighting power densities. Fusion was
able to achieve a rating of LEED gold. For a detailed
breakdown of LEED points please see Mechanical SD-B.

13.0 Lessons Learned
The mechanical design team found that the process of
design was a continuous series of lessons learned. Some
of the basic lessons include the idea that changes to the
design tend to create a ripple effect. By manipulating
one area of the design, Fusion had to be prepared for
changes to occur in others. However, by working as an
integrated team with multiple disciplines, Fusion’s
mechanical design team was more prepared to deal with
these changes. By working as a team and understanding
the goals of the owner and the other disciplines, the
mechanical team was able to create an effective
mechanical system that fulfilled the goals of the team.

14.0 Conclusion
Integration drove the design of the double skin façade and
combined heat and power system. By working together the
team was able to create a holistic design for the envelope, floor
program reorganization, and hospital generation systems. This
created a more efficient system that was optimized for the
building as a whole.
Fusion addressed the wellness of the patient by using a
patient centric mechanical design that accounted for high air
quality, a well tempered environment, as well as the ability for
patients to exercise control over their rooms settings.
Additionally, through acoustical analysis and specifications of
well designed partitions, the patient’s environment has been
designed to be calm and quiet to aid in the healing process.
The goal of adaptability informed the design of the water
and air sides of the mechanical system. By utilizing combined
heat and power with an optimized system of chillers and
boilers, the hospital will be able to continue to operate during
natural disaster conditions. Additionally, an isolation area was
included to create an area that could be physically and
mechanically isolated in the case of a large scale biological
event.

Figure 21: Baseline vs. Optimized Energy Use

By creating a building designed around occupant
comfort, well being, and efficiency, Fusion achieved an
energy savings of 22% versus baseline building energy
consumption. This was completed by lowering HVAC
AEI TEAM 02-2018

By incorporating a community shelter, designing an infection
isolation area, and including combined heat and power as a
reliable source of energy for the central plant, the hospital will
be able to assist the community during times of man-made and
natural disasters.
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PROJECT SUMMARY

Mechanical Decision Matrix

Interoperable Software Use

Fusion utilized the decision matrix in design decisions to develop solutions that aligned with the project goals
and drivers. For more detail on design iterations, please refer to the Mechanical Report.

Fusion utilized the programs illustrated below for the model and transfer of information between all team
members. Revit was the central model for elements analyzed by team members using their respective
software. The mechanical design team utilized load analysis software for design and Revit for system
coordination.
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Indoor

Thermal Comfort - 1
The rooms of the
Children’s Hospital were
designed to comply with
ASHRAE Standard 552010
with
special
consideration given to
temperature asymmetry
in the patient rooms.

Water

LEED SUMMARY

12/16

Environmental
Quality

19/35

Energy

Atmosphere

Acoustic
Performance—2

Enhanced Indoor Air
Quality Strategies—2

Optimize Energy
Performance—11

Enhanced Refrigerant
Management—1

Enhanced
Commissioning—5

Fusion identified and
calculated
the
appropriate STC and NC
ratings for critical spaces
in the Children’s Hospital.
This included rooms
adjacent
to
the
mechanical floor and
patient
room
requirements.

The initial credits were
accomplished by using
MERV-13 and MERV-14
filters in the air handling
units as well as CO2
sensors throughout the
building to monitor the
air quality.

The total energy use of
the building was reduced
by 22% through a
collaborative effort that
lowered the lighting
power
densities,
minimized the envelope
load, and utilized energy
efficient
mechanical
systems.

By using refrigerants with
low ODP and GWP,
Fusion was able to fulfill
LEED requirements in
terms of low impact of
the refrigerant on the
environment.

Extensive commissioning
was conducted for the
mechanical,
electrical,
plumbing, and renewable
energy
systems.
Additionally, due to the
impact of the double skin
facade on the calculated
loads, commissioning was
specified
for
the
envelope.

05/11

Indoor Water Use
Reduction –1

Cooling Tower Water
Use –2

Fusion was able to
reduce the indoor water
usage of the Children’s
Hospital by 25% by using
low flow equipment for
the
basic
plumbing
systems.

Local water quality
allowed Fusion to meet
the maximum number of
cycles while
the
rainwater
collection
system exceeds the
minimum 20% recycled
non-potable
water
required for cooling
tower make up water.

Efficiency

Innovation

03/05

Water Metering—1

Innovation—1

Innovation—1

The Children's Hospital
meters
the
indoor
plumbing fixtures and the
reclaimed water system
that feeds the cooling
tower for makeup water.

Fusion designed a double
skin façade enclosure for
the building to reduce the
HVAC
load,
acoustical
issues, and to address many
other needs of the facility.
The
overall
assembly
reduced the energy load by
38%, improved ease of
maintenance, and reduced
outdoor noise transmission.

By utilizing a rain water
collection system that
works in unison with a bio
swale
for
excess
rainwater, Fusion was
able to minimize site
water
runoff
while
utilizing rain and ground
water to make up at least
36% of the water lost
from the cooling towers.

Total Points:

63
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CLIMATE & ENERGY ANALYSIS
ASHRAE 90.1
Minimum Envelope U-Values vs. Optimized Design Values

Site Analysis

Energy Analysis

Construction Comparison
Wall

ASHRAE Climate Zone Map
Omaha, NE Climate 5A
Given Design with
ASHRAE 90.1 Values

Glass

Slab

Roof

Assembly

U-Value

U-Value

SC

%

FValue

U-Value

Climate 5A
Baseline

0.064

0.450

0.460

32.100

0.730

0.048

36.000

0.520

0.031

Peak Cooling Coil Load
Given

Metal Panels

0.039

0.230

S & W—Varies
According to
Step Graph

Optimized

BTU/hr

Envelope

N, NE, SE—
0.300
Optimized Design

Building Load Profile

Internal

SHGC Step Downs for South and West Facades
Based on Shading Levels from Adjacent Buildings
Mechanical

BTU/hr

Roof Conduction

199,892

2%

20,888

0%

Glass Solar
Glass Conduction
Wall Conduction

1,507,157
201,397
434,319

15%
2%
4%

1,115,579
95,451
242,272

13%
1%
3%

Lighting
People
Miscellaneous

1,470,091
1,284,055
3,023,415

14%
12%
29%

56%

1,068,134
1,293,381
3,014,023

12%
15%
35%

63%

Ventilation
Exhaust Heat
Supply Fan Heat

2,137,175
-167,986
243,205

21%
-2%
2%

21%

1,607,995
-83,322
197,357

19%
-1%
2%

20%

Total

23%

10,332,720

8,571,757
1,760,964

Load Savings

17%

Cooling Load

Heating Load

MMBTU/yr

MMBTU/yr

Energy Savings

Given Design

596.14

24,990.40

Optimized Design
Optimized Design w/
Economizer

362.8

22,517.74

11%

362.79

14,978.56

40%

Baseline vs. Optimized Building Load

17%

Peak Heating Coil Load
Given

Optimized

BTU/hr

Envelope

IES Virtual Environment Weather Analysis
Omaha, Nebraska

The Given Building used for the energy comparison was created
through the listed values of ASHRAE 90.1. The listed maximum UValues and Shading Coefficients were used for the envelope. The
lighting power densities were found by using the space by space
method. Finally, ASHRAE baseline mechanical systems were used for
the building.

Mechanical

BTU/hr

Roof Conduction

197,402

3%

111,928

2%

Glass Solar
Glass Conduction
Wall Conduction
Floor

0
1,243,853
468,702
44,735

0%
20%
7%
1%

0
656,783
278,151
45,051

0%
13%
5%
1%

Ventilation
Exhaust Heat
OA Preheat Diff
RA Preheat Diff.

1,643,874
-90,588
1,895,636
862,104

26%
-1%
30%
14%

1,343,203
-33,663
1,959,924
849,364

26%
-1%
38%
16%

Total

31%

69%

6,265,719

Load Savings

5,210,740
1,054,979

17%

21%

79%

By optimizing the envelope to include a double skin façade and
by increasing insulation values, Fusion was able to reduce the
environmental load on the building. By optimizing the
mechanical system to include economizer, Fusion was able to
reduce energy needed for cooling. Finally, by using LED fixtures
for the hospital the Team was able to decrease and improve the
lighting load for the Children’s Hospital. See Lighting Drawing E109 for lighting power density calculations.

ASHRAE Handbook 2013 Design Conditions
Omaha, NE

Environmental Design Conditions
Lakes Environmental Wind Analysis
Omaha, Nebraska

Cooling

Heating

Temperature

Dry Bulb

94.0 °F

Wet Bulb

77.7 °F

Dry Bulb

-6.1 °F

Cooling

Heating

2
3
FAÇADE OPTION 1 & 2

ASHRAE 170 Design Conditions
CCU/ICU

Indoor Design Conditions

1

FAÇADE OPTION 3
4

Temperature

Dry Bulb

75 °F

RH

50%

Dry Bulb

70 °F

1.

STEEL STUDS

1.

STEEL STUDS

2.

22 GAUGE STEEL SHEET

2.

14 GAUGE STEEL SHEET

3.

3” POLYURETHAN
INSULATION

3.

3” POLYURETHANE
FOAM INSULATION

4.

22 GAUGE STEEL SHEET

4.

14 GAUGE STEEL SHEET
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BUILDING CONTROLS & PLUMBING

Building Controls

Smart Building
Add Alternative

Med Gas Systems

Optimized
Building Controls

Medical Air

ICU

3/bed

3/bed

1/bed

LDRP—Caesarian
Recovery

1/bed

3/bed

1/bed

By using prefabricated racks to install mechanical, electrical, and
plumbing systems throughout the hospital, Fusion was able to
save time and money. See Construction Sec. 6.2 for more
information on the coordination and savings that were gained
through the use of prefabricated racks.

Plumbing Systems
Staff

Rooms

3/bassinet

3/bassinet

3/bassinet

2/room

4/room

1/room

1/room

Infant OR

2/room

5/room

1/room

1/room

Triage/Exam

1/room

1/room

Team Members can use the scheduling
software to:
 Override Patient Controls
 Schedule Patient Room PreConditioning
 Setback Patient Room Temperatures
During Un-Scheduled Hours

Floor 2

Family Center

18

25

18

36

2

Floor 3

ICU Shell
Fetal Care/Labor
Delivery

20

19

20

40

2

4

3

4

8

2

Floor 4

NICU

32

19

32

64

2

Floor 5

PICU

32

25

32

64

2

Floor 6

CCU

32

25

32

64

2

Floor 7

Hemonc

32

16

32

64

2

132

170

340

14

Total

1/room

1/room

1/room

NICU

3/infant care
bed

3/infant care
bed

3/infant care
bed

PICU

3/bed

3/bed

1/bed

CCU

3/bed

2/bed

1/bed

Hemonc

3/bed

3/bed

1/bed

1/room

1/room

Treatment

Medical Gas Requirements by Room Type

Low flow fixtures were selected for the basic plumbing systems of
the Tower of the Children’s Hospital. By selecting the low flow
equipment for high water use items, the hospital was able to
reduce its water usage annually by 25%. This savings can be seen in
the graphics below as the grey area of the chart. This will lead to a
simple pay back period of less than 1 year for the low flow
equipment due to the savings in water and sewage for the hospital.

ResidenFacilities
tial

Visitors

Waste Anesthesia Gas
Disposal

Caesarian Delivery
Room

NICU MRI

The mechanical
system consists of
Air Handling Units
with a VAV
distribution system.
This will provide for
individual control
of each rooms
temperature set
point.

Tower Occupancy Assumptions
Fixture Information

Flush Rate

Fixture Family

In the case of a medical code,
the smart building system will
page the 10 closest qualified
individuals and drop the HVAC
set point to adjust for the increase of staff in the room.

Vacuum

Stabilization

Facilities will receive alerts from
temperature and humidity pucks located
in critical spaces with specific
environmental requirements including:
 Blood Bank Area
 OR Rooms
 Storage for Medicine

Nurses can use the
scheduling
software to:
 Schedule OR PreConditioning
 Maintain OR
Occupied Set
Points During OR
Use
 Setback OR
Temperature
During UnScheduled Hours

Oxygen

Patients can
control:
 Temperatu
re Set Point
between
70°F—75°F
 Shading
 Lighting
Color and
Level
 Room
Electronics

Toilet (female)
Toilet (male)
Urinal

Baseline Flush Design Flush
Employee
Rate (gpf)
Rate (gpf)

Fixture Type
Low Flow Water Closet
Low Flow Water Closet
Low Flow Urinal

1.60
1.6
1.00

Total Daily
Uses

Uses per Day

1.10
1.10
1.00

9.00
3.00
6

Total Water Use

Visitors

Residential

Default

Baseline
(gallons)

0.50
0.50
0.5

5.00
5.00
0

1549.50
1100.39
4.81

2479.20
1760.62
4.81

Design
(gallons)
1704.45
1210.42
4.81

Flush Rate Water Use Calculation for Baseline and Low Flow Fixtures

Fixture Information
Fixture Family
Public lavatory faucet
Private lavatory faucet
Showerhead
Residential showerhead

Duration
Default (sec)
30.00
60.00
300.00
480.00

Flow Rate
Baseline Flow Design Flow
Rate (gpm)
Rate (gpm)
0.50
0.50
2.20
1.50
2.50
2.50
2.50
2.50

Uses per Day

Total Daily Uses

Employee

Visitors

Residential

Default

30.00
60.00
0.10
0.00

0.50
0.00
0.00
0.00

0.00
9.00
0.00
1.00

4465.00
11820.00
14.60
340.00

Total Water Use
Baseline
Design
(gallons)
(gallons)
1116.25
1116.25
26004.00
17730.00
182.50
182.50
6800.00
6800.00

Flow Rate Water Use Calculation for Baseline and Low Flow Fixtures
Annual Flush Annual Flow
Volume
Volume
Baseline Case
Design Case

1549287
1065683

12447504
9427494

Reduction

Total Annual
Consumption
(Gallons)
13,996,790.42
10,493,176.40
3,503,614.01

Total Annual Reduction
Consump- for Water
tion (CCF)
Use
18712
14028

Annual Cost of
Water/Sewage
$

$
25% $

Toilet Cost

120,507.13 $ 454.00
90,342.32 $ 475.00

Private
Number of
Number of
Lavatory
Fixtures
Fixtures
Sink Cost
210 $ 279.06
210 $ 279.06

30,164.81

Total Cost

Payback
(Years)

302 $ 179,616.12
302 $ 184,026.12
$

4,410.00

1

Percent Water Reduction and Pay Back Period for Low Flow Fixtures
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HOSPITAL DETAILS

MRI COOLING SYSTEM
Back-Up
Chiller

52°F

PATIENT ROOM AIRFLOW

Chilled Water
Return

Heat Exchanger

City Water

MRI

Drain

55°F

MRI process cooling is accomplished by utilizing the HVAC system chilled water return. The 52°F chilled water return
is perfectly suited to provide the necessary 55°F process chilled water. Multiple system back ups are accomplished
via a separate chiller along with a city water hook up and drain.

OR LOW TEMPERATURE COOLING COIL
Chilled Water
Return
Chilled Water
Supply

OR
Chiller
32°F

In order to provide low humidity and a lower
temperature set point in the operating
suites, AHU-9 (which services the operating
suites exclusively) utilizes two cooling coils.
One is served via the central chilled water
system, the second coil is served via a
dedicated chiller providing 32°F chilled water
to further condition the air as necessary
based on specific surgery requirements.

Procedure

Temperature

Burn
Cystoscopic
General
Heat
Neurological
Orthopedic
Pediatric
Trauma

High
Medium
Medium
Low
Low
Low
High
High

The air devices in the patient room are located to provide
clean air in the patient area. Clean supply air is supplied at
both the family area and at the foot of the patient bed. The
return is located at the door to the room. This draws clean air
across the patient towards the hallway area. To avoid
excessive air velocity near the patient, the supply diffuser at
the foot of the bed throws in the three directions away from
bed.

Pressure
Minimum
Room Type
Relationship Outdoor ACH
Protective Environment Room
Positive
2
AII Room
Negative
2
Critical and Intensive Care
NR
2
Newborn Intensive Care
Positive
2

Minimum
Total ACH
12
12
6
6

All Room Air
Exhausted
NR
NR
NR
NR

Relative
Humidity
30-60%
30-60%
30-60%
30-60%

Design
Temperature
70-75°F
70-75°F
70-75°F
72-78°F

ASHRAE Standard 170-2013
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MECHANICAL FLOOR

MECHANICAL ROOM

SAVINGS:
402’ OF MAIN TRUNK DUCTWORK
$17,500 WORTH OF STRUCTURAL STEEL

LOUVERS AND DUCTWORK FOR
EMERGENCY FAÇADE RELIEF EXHAUST

AVOID THE NEED FOR CARBON FILTERS
Mechanical

The air handling units were laid out and designed to fit within the structural
bays of the mechanical room. This required coordination between the
structural and mechanical teams.
OUTDOOR AIR INTAKE DUCTWORK

Hematology

Hematology

CCU

PICU

PICU

CCU

NICU

FCC

FCC

NICU

Mechanical

DUAL SECTION AIR
HANDLING UNITS

AIR HANDLING UNITS
RELIEF AIR DUCTWORK
Given Design

ORIGINAL LOCATION REQUIRED
THE OA INTAKE TO USE CARBON
FILTERS FOR HELIPAD EXHAUST

Optimized Design

LOCATION INCREASED STEAM,
CHILLED WATER, HOT WATER,
AND OTHER UTILITY PIPING BY 5
STORIES

RELIEF AIR DUCTWORK TO
FACADE

LALRGE EQUIPMENT CAN BE MOVED
TO THE GREEN ROOF TO BE REPLACED

ROOM IS LOCATED TO REDUCE MAIN
TRUNK DUCTWORK
IMPROVED AIR SIDE PRESSURE DROP
AND SAVES FAN ENERGY

CENTRAL PLANT LAYOUT

SECTION OF THE FAÇADE TO OPEN TO
GREEN ROOF FOR EQUIPMENT
REMOVAL AND REPLACEMENT

CENTRAL PLANT LOCATION
CHILLERS
2-500 TON ELECTRIC CHILLERS
1-250 ABSORPTION CHILLERS

MAIN ELECTRICAL ROOM

BEING WITHIN THE HOSPITAL PLACES
THE PLANT IN AN AREA WITH MORE
STRINGET ACOUSTICAL AND
VIBRATIONAL REQUIREMENTS

PROVIDES EASIER ACCESS FOR COMBUSTION , EXHAUST, AND VENTILATION
AIR

MICROTURBINES
1-100 kW
1-800 kW
GENERATORS
3-1500 KW GENERATORS
BACK UP
ELECTRICAL ROOM

PUMPS
6 TOTAL

PROJECT

GENERATOR ROOM

EQUIPMENT ACCESS

STORAGE AND DELIVERY

When laying out the central plant, additional room was left to allow for
future expansion of the Children’s Hospital Central Plant. The layout left
additional room for chillers and microturbines that can be added at a later
time. The generators were also left at the end of the plant to allow for
easier access to the backup diesel stored on site.

OPTIMIZED CENTRAL
PLANT LOCATION
LOCATION ACCOMADATES FOR
FUEL SUPPLY FOR GENERATOR
AND BOILER DIESEL BACKUP

LOCATION HOUSES
GENERATORS, BOILERS,
CHILLERS, COOLING TOWERS,

GIVEN CENTRAL PLANT LOCATION
(SUBGRADE)
ORIGINAL SUBGRADE
LOCATION PROVIDED
COMPLICATIONS FOR
FUTURE EQUIPMENT
MAINTENANCE AND
REPLACEMENT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA
SHEET TITLE

CENTRAL PLANT & MECHANICAL
ROOM LAYOUT

NOT FOR CONSTRUCTION

AEI TEAM NO.
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02/19/2018 NOT TO SCALE
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81

TEMPERATURES FOR THE DOUBLE SKIN PROCESS
Outside Temperature
Toa
-15
-5
5
10
15
25
35
45
55
65
75
85
95
105

Heat Exchanger
EAT
15
15
15
15
15
25
35
45
—
—
—
85
95
105

LAT
55
55
55
55
55
55
55
55
—
—
—
78.4
81.8
85.2

To Hospital
Trelief
75
75
75
75
75
—
—
—
—
—
—
75
75
75

Tma
—
—
—
—
—
—
—
—
—
—
—
76.2
79.2
81.6

Tsa
55
55
55
55
55
55
55
55
55
55
55
55
55
55

AIR FLOW THROUGH THE DOUBLE SKIN

Level 5

Option 1: Relief Air enters and exits
at each level

LAT_F
25.4
25.4
25.4
25.4
25.4
41.8
33.5
44.4
84.1
84.1
84.1
103.7
110.3
116.9

Smoke Exhaust
Fire Mode

Pros:
Best thermal gradient

Helipad Exhaust
Dispersion Mode

Roof
Level 7
Level 6
Level 5

Cons:
Louvers on exterior skin cause
structural integrity and daylight
issues
Diffusers conflict with the beams
Acoustic Cross Talk

Level 4

Level 4

Level 3
Exterior Interior
Level 7

Level 3

Cooling Coil

The table above shows the calculations for the temperature of the air at different stages of the relief
air process to the double skin as shown in the diagram. The temperature entering the double skin
(EAT_F) is dependent on the outside air temperature going through the 66% effective heat exchanger.

Filter

Economizer
Cycle Bypass

Level 5

The temperature leaving the façade was calculated with the envelope load of the building using

Damper

Q=1.1CFMDT.

CFD Analysis of the
Velocity through the
Double Skin Façade
with Entering Air at
0.95 ft/s and Leaving
air at 1.053 ft/s

Level 7

DOUBLE SKIN

Relief Air Exiting through Louvers on the Parapet during normal operations.

Façade
EAT_F
35.4
35.4
35.4
35.4
35.4
46.8
43.5
54.4
75
75
75
81.6
88.2
94.8

OPTIONS FOR

Heating Coil

Intake
(Fire Mode)

Fan

Option 2: Relief Air enters at
each level and exits at the top

Final Filter

Pros:
Good Thermal Gradient

Damper

Preheat Coil

Cons:
Diffusers conflict with the beams
Acoustic Cross Talk

Filter

Filter

Fan
Relief Air

Outside Air Intake

Level 4

Level 3
Exterior Interior

Total Heat Exchanger Damper

Level 7
Level 2

CFD Analysis of the
Double Skin Façade
Temperature Gradient
for –6°F Design Day
During Heating Season: Varies by 10°F.

Level 5

The air flow to the double skin façade works in different modes:
Heating season if Toa is less than 15oF, the air is first preheated before going through the total heat exchanger. This ensure that the coils in the heat would not freeze. When Toa is from 25oF to 55oF a portion of the outside air bypasses
the heat exchanger to maintain 55oF Supply Air Temp .
For TOA from 55oF of to 75oF all outside air bypasses the heat exchanger and is cooled as necessary.
For TOA above 75oF all of the outside air goes through the heat exchanger, is mixed with return air, and then cooled
before being supplied.

Option 2: Relief Air enters at the
bottom and exits at the top
Pros:
Good thermal gradient

Level 4

Cons:
 Double skins need to extend 3’
below Level 3 to hide the duct
run

Level 3
Exterior Interior

3” Insulated
Metal Panels
PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

Exterior 3/4”
Laminated Glass
Unit

Interior 3/4”
Laminated
IGU

OMAHA, NEBRASKA
SHEET TITLE

DOUBLE SKIN FACADE
AEI TEAM NO.

02-2018

NOT FOR CONSTRUCTION

Relief Air Ductwork
The graph compares the Optimized Envelope and economizer load versus the
Given Envelope Load.

Double Skin Façade Assembly

The purple ductwork shows the path of the relief air to the double skin
façade .

DATE

SCALE

02/19/2018 NOT TO SCALE
DRAWING NO.

PAGE NO.

M-102

82

GENERAL NOTES:

ROOF

8,625 CFM—RETURN AIR
12,000 CFM—SUPPLY AIR
5,460 CFM—RETURN AIR
7,600 CFM—SUPPLY AIR
4,300 CFM—RETURN AIR
6,000 CFM—SUPPLY AIR

TYPICAL LEVEL 5 THROUGH LEVEL 7

ALL ROOMS TO BE VENITLATED AND
EXHAUSTED IN ACCORDANCE WITH
ASHRAE STANDARDS 62.1 AND 170

2

RELIEF AIR SHALL NOT BE EXHAUSTED
THROUGH FAÇADE WHEN A FIRE
CONDITION IS PRESENT IN ANY AREA OF
THE BUILDING

7,200 CFM PER FLOOR—EXHAUST AIR

FCU– COMM ROOM
175 CFM

8,570 CFM—RETURN AIR
9,700 CFM—SUPPLY AIR
6,270 CFM—RETURN AIR
7,100 CFM—SUPPLY AIR
6,745 CFM—RETURN AIR
7,860 CFM—SUPPLY AIR

LEVEL 4

1

3,000 CFM PER FLOOR—EXHAUST AIR

FCU– COMM ROOM
175 CFM

13,125 CFM—RETURN AIR
13,700 CFM—SUPPLY AIR
5,040 CFM—RETURN AIR
6,200 CFM—SUPPLY AIR
7,570 CFM—RETURN AIR
7,900 CFM—SUPPLY AIR
5,365 CFM—RETURN AIR
5,600 CFM—SUPPLY AIR

1,400 CFM PER FLOOR—EXHAUST AIR

FCU– COMM ROOM
175 CFM

79,000
CFM

FACADE
LEVEL 3
79,000 CFM

106,000
CFM
2,000 CFM—EXHAUST AIR
23,000 CFM—RETURN AIR
25,000 CFM—RETURN AIR

AHU 1
40,000 CFM

AHU 2
25,000 CFM

AHU 3
20,000 CFM

AHU 4
25,000 CFM

AHU 5
15,000 CFM

AHU 6
45,000 CFM

AHU 7
10,000 CFM

AHU 8
30,000 CFM

AHU 9
20,000 CFM

AHU 10
20,000 CFM

AHU 11
30,000 CFM

EXTERIOR

AHU 12
45,000 CFM

LEVEL 2
FCU– OR
COMM ROOM
180 CFM

4,000 CFM—EXHAUST AIR
23,740 CFM—RETURN AIR
26,000 CFM—SUPPLY AIR
9,500 CFM—RETURN AIR
10,400 CFM—SUPPLY AIR
8,765 CFM—RETURN AIR
9,600 CFM—SUPPLY AIR

FCU– OR MRI EQUIP
ROOM
105 CFM

LEVEL 1

4,600 CFM—EXHUAST AIR
9,185 CFM—RETURN AIR
11,000 CFM—SUPPLY AIR
14,115 CFM—RETURN AIR
16,400 CFM—SUPPLY AIR

FCU– ELECT ROOM
240 CFM

LOWER LEVEL 1

3,000 CFM—EXHAUST AIR
4,050 CFM—RETURN AIR
4,300 CFM—SUPPLY AIR
25,900 CFM—RETURN AIR
27,500 CFM—SUPPLY AIR
18,265 CFM—RETURN AIR
19,400 CFM—SUPPLY AIR

LOWER LEVEL 3
FCU– ELECT ROOM

FCU– UPS ROOM

FCU– UPS ROOM

FCU– UPS ROOM

1700 CFM

5200 CFM

5200 CFM

5200 CFM

1,000 CFM—EXHAUST AIR
26,000 CFM—RETURN AIR
27,000 CFM—SUPPLY AIR

PROJECT
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GENERAL NOTE:
1

PRIMARY/SECONDARY SYSTEM UTILIZED
DUE TO ABSORPTION CHILLER CONSTANT CHILLED WATER FLOW

ROOF

FCU-COMM ROOM

TYPICAL LEVEL 5 THROUGH 7

FCU-COMM ROOM
NICU
MRI

LEVEL 4

FCU-COMM ROOM

LEVEL 3

32°F

CH-5
[22 TONS]

AHU 10
(CC 2)

AHU 10
(CC 1)

AHU 1

AHU 2

AHU 3

AHU 4

AHU 5

AHU 6

AHU 7

AHU 8

AHU 9

AHU 11

AHU 12

LEVEL 2
FCU-OR
COMM ROOM

FCU-MRI
EQUIP ROOM
COOLING TOWER
(2 CELL)

OR MRI

LEVEL 1

COOLING TOWER MAKE UP
(SEE RAINWATER DIAGRAM)

LOWER ROOF
FCU-COMM ROOM

COOLING TOWER
SUMP TANK
HX

HEAT REJECTION
TO DOMESTIC
HOT WATER
REFER TO
HEATED HOT
WATER/STEAM
DIAGRAM

52°F
DRAIN CITY
WATER
HX
[6 TONS]

CH-4
[6 TONS]

CH-3
[500 TONS]

CH-2
[500 TONS]

CH-1
[250 TONS]

LOWER LEVEL 1

1

PROJECT

42°F

PER ASHRAE
DG P. 172

CENTRAL PLANT

LOWER LEVEL 3
FCU-UPS ROOM

FCU-UPS ROOM FCU-UPS ROOM

FCU-ELEC ROOM

VARIABLE
VOLUME
SECONDARY
PUMPS

CONSTANT
VOLUME
PRIMARY
PUMPS

CONSTANT
VOLUME
CONDENSER
PUMPS
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GENERAL NOTES:
1

HEATING HOT WATER SHALL SERVE
BOTH AIR TERMINAL REHEAT COILS AND
PERIMETER HOT WATER RADIATORS

2

DOMESTIC HOT WATER SHALL BE MIXED
AT POINT OF USE TO A MAXIMUM
TEMPERATURE OF 120°F TO PREVENT
SCALDING

3

ALL STERILIZATION TO UTILIZE STEAM
TO STEAM GENERATORS TO CREATE 50
PSIG STEAM REQUIRED FOR
STERILIZATION

ROOF
DHWS/R
HHWS/R

TYPICAL LEVEL 5 THROUGH 7
DHWS/R
HHWS/R

LEVEL 4
DHWS/R
HHWS/R

LEVEL 3

DHWS/R
HHWS/R

AHU-1

LEVEL 2

AHU-2

AHU-3

AHU-4

AHU-5

AHU-6

AHU-7

AHU-8

AHU-9

AHU-10

AHU-11

AHU-12

HHW
EXPANSION
TANK

DHWS/R
HHWS/R

DHW
EXPANSION
TANK

OPERATING SUITE
STERILIZATION
EXHAUST
GAS

LEVEL 1

LOWER ROOF
DHWS/R
HHWS/R

9 PSIG
180°F
LOWER LEVEL 1

SHE-1
DHWS/R

160°F

REFER TO CHILLED
WATER DIAGRAM

BLR-2
[3800 MBH]

BLR-1
[3800 MBH]

HPSG-1

HRSG-2

HHWS/R
SHE-2

CENTRAL
STERILIZATION

LOWER LEVEL 3

DHWS/R
HHWS/R

MT-1
[1000 KW]

160°F

FOOD SERVICE

140°F

CENTRAL PLANT

CONDENSATE
RECEIVER

CONDENSATE
PUMP

MT-2
[800 KW]

PROJECT
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System Redundancy

Mircoturbine CHP System

Combined Heat and Power Cost Optimization
Microturbine and Chiller Combination Design Options
Design Microturbine Mircoturbine Mircoturbine
Option
1
2
3
1
1000 KW
800 KW
2
800 KW
800 KW
800 KW
3
1000 KW
4
1000 KW
800 KW
5
800 KW
800 KW
800 KW

Chiller 1

Chiller 2

Chiller 3

Boiler 1*

Boiler 2*

250 Ton (A)
250 Ton (A)
400 Ton (A)
400 Ton (A)
400 Ton (A)

500 Ton (E)
500 Ton (E)
400 Ton (A)
400 Ton (A)
400 Ton (A)

500 Ton (E)
500 Ton (E)
400 Ton (A)
400 Ton (A)
400 Ton (A)

3800 MBH
3800 MBH
3000 MBH
3800 MBH
3800 MBH

3800 MBH
3800 MBH
3000 MBH
3800 MBH
3800 MBH

HEAT RECOVERY
STEAM GENERATOR

9 PSIG STEAM

* Dual Natural Gas, Diesel Boiler, (A) Single Effect Absorption Chiller, (E) Electric Centrifugal Chiller
Design
Option
1
2
3
4
5

Equipment
First Cost

Yearly
Operating
Cost

$
$
$
$
$

$
$
$
$
$

5,295,000
6,855,000
3,850,000
5,850,000
7,350,000

835,000
805,000
770,000
846,000
808,000

Simple
Payback*
11.15
13.3
8
15.6
17.7

Design Option

Total HVAC First
Cost

Yearly Operating
Cost

Fusion SHP

$46,275,000

$1,260,000

Fusion CHP

$49,930,000

$835,000

Base Engine
Heat Recovery

* Simple Payback is with comparison to a separate heat and
power system including first equipment costs

Maintenance Cost

Per kW

Total Installed

$ 2,000

$ 4,500,000

$

$

500

Per kWh
$ 0.01

900,000

Yearly Total
$ 150,000

ELECTRIC
Cooling Source Comparison

COMBUSTION AIR

NATURAL GAS

Building System Disaster Operations

Units
Fuel Consumption
[BTU/hr]
Electrical Power Out
[kW]
Steam Production (9 psig)
[Lb/hr]
Electrical Efficiency
[%]
Recoverable Thermal Efficiency
[%]
Total Efficiency
[%]

Multiple combinations of microturbines,
absorption chillers, and electric chillers
were analyzed for economics and
resiliency. A single microturbine is the
most economical option, however it lacks
the necessary redundancy.
Fusion’s design team created a resilient and adaptable
Mechanical and Electrical system based around the use of
two natural gas Microturbines. The above flow chart and
graph represent how the system will respond to different
utility failures. The team recognizes that every situation is
unique and requires real time analysis and decision making.
While fusion has made every effort to provide sufficient
system back up and redundancy, under extreme
circumstances systems will be unavailable. The items in

yellow are areas where there Children’s Hospital’s
professional staff will need to make decisions for a
controlled degradation of building systems on a case by case
basis. A 30,000 gallon diesel storage tank will provide a
minimum of 72 hours of backup under 100% load
conditions, but Fusion expects to have in excess of 96 hours
of fuel under normal load conditions.

Utilizing both absorption and electric
chillers provides economical benefits over
an all absorption or an all electric system
and provides cooling from two separate
energy sources. This increase redundancy
and fulfills Fusion’s goal of adaptability.
Jan.

Feb.

Mar. Apr.

May

Jun.

Jul.

Aug.

Sept.

Oct.

Nov.

Dec.

Fusions final trigeneration system design
resulted in a yearly utility cost savings of
47% and has a simple payback of 11 years.

C800S

C1000S

8,800,000
760
3,000
31
39
70

11,000,000
950
3,300
31
34
65

PROJECT
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GENERAL SHEET NOTES:

AIR HANDLING UNIT SCHEDULE

Positively Pressurized

SUPPLY AIR

HEATING CAPACITY
TAG

Negatively Pressurized

STEAM BOILER SCHEDULE

RETURN AIR
AHU-1

TRANSFER AIR

AHU-2
AHU-3
AHU-4
AHU-5
AHU-6
AHU-7
AHU-8
AHU-9
AHU-10
AHU-11
AHU-12

MAX SUPPLY
AIR

MIN SUPPLY
AIR

[CFM]

[CFM]

OA%

NOMINAL
TONS

SUPPLY
FAN
[HP]

COOLING COIL
EWT [F]

HEATING COIL
RETURN FAN
STEAM STEAM
LAT [F] LB/HR
PSIG
LAT [F]
[HP]

1000
2
20000
15000
75
42
52
75
0.25
85
20000
15000
75
42
52
1000
2
75
2
12500
1000
25
42
52
650
75
0.18
50
12500
1000
25
42
52
650
2
75
2
10000
5000
20
42
52
500
75
0.25
40
10000
5000
20
42
52
500
2
75
2
12500
10000
20
42
52
650
75
0.22
50
12500
10000
20
42
52
650
2
75
2
7500
5000
15
42
52
400
75
0.22
30
7500
5000
15
42
52
400
2
75
2
22500
12500
75
42
52
1250
75
0.25
95
22500
12500
75
42
52
1250
2
75
2
5000
4500
15
42
52
375
75
0.33
25
5000
4500
15
42
52
375
2
75
2
15000
12500
30
42
52
750
75
0.45
70
15000
12500
30
42
52
750
2
75
2
12500
10000
30
42
52
650
75
0.2
55
12500
10000
30
42
52
650
2
75
2
10000
7500
25
42
52
500
75
0.33
40
10000
7500
25
42
52
500
2
75
2
15000
10000
30
42
52
750
75
0.33
65
15000
10000
30
42
52
1500
2
75
2
22500
20000
75
42
52
1250
75
0.33
110
22500
20000
75
42
52
1250
2
75
Notes:
1. DUAL PATH AIR HANDLING UNTS PROVIDE ABILITY TO PERFORM MAINTANANCE WHILE AHU IS OPPERATING
2. INDIVIDUAL FANS IN DUAL PATH AHUS SIZED FOR 100% OF AHU AIRFLOW
3. STEAM HEATING COIL SIZED FOR 100% OA LOAD ON DESIGN DAY
4. ALL PROTECTIVE ENVIORMENT ROOMS TO UTILIZE TERMINAL HEPA FILTERS

25
25
10
10
10
10
10
10
5
5
25
25
5
5
10
10
10
10
10
10
10
10
10
25

FILTER
PRE

FINAL

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
N/A
N/A
N/A
N/A

TAG

INPUT
[MBH]

OUTPUT
[MBH]

BL-1
BL-2

4475
4475

3800
3800

1. ALL PATIENT ROOM BATHROOMS SHALL EXHAUST AT A
RATE OF 100 CFM

STEAM

WATER
FLOW PRESSURE CONTENT
[LB/HR]
[PSIG]
[GAL]
3800
3800

9
9

2. ALL SINGLE OCCUPANCY STAFF TOILET ROOMS SHALL
EXHAUST ALL AIR AT A RATE OF 75 CFM PER TOILET
3. COMM. AND ELEC. ROOMS SHALL BE SERVICED VIA
FCUS (SEE FCU SCHEDULE)

6000
6000

NEW WORK SHEET NOTES:

COOLING TOWER SCHEDULE

TAG
CT-1, 2

CONDENSER WATER
FLOW
IN
OUT
[GPM]
DEG F
DEG F
4100

97

FAN MOTOR
AMBIENT
WB

85

78

HP

1

ALL AII ROOMS SHALL EXHAUST ALL AIR AT A RATE EQUAL
TO SUPPLY AND TRANSFER AIR MAINTAING A MINIMUM –
0.01 IN. WC PRESSURE DIFFERENETIAL

2

ALL PE ROOMS SHALL SUPPLY AIR AT A RATE OF 250 CFM
GREATER THAN RETURN AIR MAINTAINING A MINIMUM
+0.01 IN. WC PRESSURE DIFFERENTIAL

3

ALL SOILED HOLD ROOMS SHALL EXHAUST ALL AIR AT A
RATE EQUAL TO SUPPLY AND TRANSFER AIR

4

ALL HOUSEKEEPING ROOMS SHALL EXHAUST ALL AIR AT A
RATE OF 75 CFM

5

LAUNDRAY ROOM SHALL EXHAUST ALL AIR AT A RATE
EQUAL TO SUPPLY AND TRANSFER AIR

VSD

60

Y

CENTRIFUGAL CHILLER SCHEDULE

TAG

CLG
[TONS]

CH-2
CH-3
CH-4
CH-5

500
500
6
22

EVAPORATOR CONDITIONS
FLOW
EWT [F]
LWT [F]
[GPM]
52
52
60
42

42
42
55
32

CONDENSER CONDITIONS
EWT [F]

LWT [F]

FLOW [GPM]

85
85
85
85

95
95
95
95

1400
1400
17
60

1200
1200
30
53

ABSORPTION CHILLER SCHEDULE

TAG
CH-1

GENERATOR CONDITIONS
CLG
STEAM LB/
[TONS] STEAM PRES.
HR
250

9 PSIG

EVAPORATOR CONDITIONS

CONDENSER CONDITIONS

EWT [F]

LWT [F]

FLOW [GPM]

EWT [F]

LWT [F]

FLOW [GPM]

52

42

600

85

101.2

1200

RA MIN

MIN OA

4700

SAMPLE VENTILATION CALUCULATIONS

ROOM NAME
LOBBY
FAMILY WAITING
PICU ROOM-19
PICU ROOM-20
PICU ROOM -21
PICU ROOM-22
ANTE ROOM 496
ANTE ROOM 497
PICU ROOM -23
PICU ROOM-24

ROOM INFORMATION
OCCUPPANCY CATEGO- AREA
RY
[FT2]
495
9
286
9
289
10.5
286
10.5
289
10.5
286
10.5
198
9
198
9
294
10.5
289
10.5

CLNG HEIGHT
[FT]
Lobby
Reception Area
Neg Isolation Room
Neg Isolation Room
Neg Isolation Room
Neg Isolation Room
Neg Iso Anteroom
Neg Iso Anteroom
ICU
ICU

ASHRAE 60.1 REQUIREMENTS
OA
EST # OF OA/PER
TOTAL OA
2
PEOPLE
[CFM]
OA/FT
[CFM]
30
7.5
0.06
141
30
5
0.06
60
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ASHRAE 170 REQUIRMENTS
OA
SA
ROOM
OA
RA
100 % EA
REQUIRED REQUIRED COOLING PRESSURE
+ = IN
TOAL
LOAD
REQUIRED 100% EA BY CODE BY CODE
- = OUT
[CFM]
[CFM]
[CFM]
ACH
CFM
ACH
CFM
[Y/N]
[CFM]
0
0
0
0
N
0
141
141
575
0
0
0
0
0
N
0
60
60
335
0
2
101
12
506
Y
607
101
607
500
0
2
100
12
501
Y
601
100
601
500
0
2
101
12
506
Y
607
101
607
500
0
2
100
12
501
Y
601
100
601
500
0
0
0
10
297
Y
297
0
297
50
0
0
0
10
297
Y
297
0
297
50
0
2
103
6
206
N
0
103
309
570
-100
2
101
6
202
N
0
101
303
570
-100

SA MAX

SA MIN

AIR FLOW PROVIDED
EA
RA MAX

[CFM]

[CFM]

[CFM]

[CFM]

[CFM]

%

575
335
607
601
607
601
297
297
570
570

559
238
607
601
607
601
297
297
546
537

0
0
607
601
607
601
297
297
0
0

575
335
0
0
0
0
0
0
470
470

559
238
0
0
0
0
0
0
446
437

0.25
0.18
0.17
0.17
0.17
0.17
0.00
0.00
0.18
0.18

`
NOTES:
1. REPRESENTS SAMPLE OF VENTILATION CALCULATIONS PERFORMED TO COMPLY WITH BOTH ASHRAE 170 AND ASHRAE 62.1 WHERE APPROPRIATE
2. ALL ISOLATION AND PROTECTIVE ENVIROMENT ROOMS PRESSURIZED TO ± 0.01 IN W.C.
3. ALL PATIENT ROOM BATHROOMS EXHUAST CONSTANT 100 CFM

-0.02 IN. WC Pressure Differential

Exhaust Fans Create Negative Pressure Airlock

Airlock Large Enough For Patient Bed
PROJECT

Gown-out room

Strategic air handling unit zoning allowed Fusion to
implement a mass isolation area with minimal system
changes. In the event of a mass biological incident, AHU
-1 can operate as a 100% OA unit, which due to the use
of economizer cycle, all AHUs are sized for. Normally
open doors will close and isolate the area. The unit will
adjust supply and return CFMs to negatively pressurize
the North patient rooms and their support spaces (seen

in red) to a pressure of -0.02 inches water relative to
the rest of the building. An airlock, sized for a patient
bed to fit between door swings, allows for the safe
transfer of patients and staff between zones and utilizes
a soiled hold room as a gown-out room for exiting the
isolation area. The doors separating the areas also serve
to create separate smoke zones allowing for the
movement of patients horizontally instead of vertically.
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RAIN WATER COLLECTION PLAN

Month

DEPRESS TOP OF COLUMNS
4” TO SLOPE ROOF TO
DRAIN

Hour
…

May

DEPRESS TOP OF COLUMNS
5.5” TO SLOPE ROOF TO DRAIN

…

Tons

GPH/Ton

…
…
1 53.07435
2 34.6863
3 23.2211
4 15.8652
5
12.005
6 11.4825
7 18.4512
8 56.5662
9 112.6755
10 202.399
11 301.6474
12 409.3068
13 481.5855
14
510.21
15
520.17
16
528.39
17
530.66
18
495.85
19
438.44
20
372.05
21 286.5681
22 197.3499
23 125.2498
24 83.2975
…
…

Days Per Percent
Month
Loss
…

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

…
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

…

1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
1.2%
…

Total Loss
(Gallons)

Gallons
…
3553.858
2322.595
1554.885
1062.334
803.8548
768.8682
1235.492
3787.673
7544.751
13552.63
20198.31
27407.18
32246.97
34163.66
34830.58
35380.99
35532.99
33202.12
29357.94
24912.47
19188.6
13214.55
8386.727
5577.601
…
3189393

Graph of Cooling Tower Water Loss Due to Drift and Evaporation vs. Rain Water Collected

Example Month for Make Up
Water Calculation

DEPRESS TOP OF
COLUMNS 6” TO SLOPE
ROOF TO DRAIN

Tower
Green Roof
Total
Total Lost from CT
Percent Made Up From Rainwater

Area (sf) Corrected Area Rain (inches) Snow (inches)
40136
32108.8
30.6
18609
14887.2
30.6

Total Feet of Water Fall
26
26

Gallons of Water
2.77
664481
2.77
308086
972567
2,696,141.30
36.1%

Total Gallons of Rain Water Collected

Green Roof (Podium) Drainage Plan

Tower Roof (Level 8) Drainage Plan
The storm water management plan consists of collecting the
rain water that falls on both the tower roof and green roof
through the normally operating drains. The water is then sent
to be either immediately reused, stored for later, or returned
to the ground. The first option is to immediately reuse the
water as cooling tower make up water to replace the water

TOWER
ROOF

lost to evaporation and drift. In the case that the cooling
tower is at capacity, then the water is sent to the two
collection tanks along US Route 6 to be stored for later use. In
the case of a major rain storm that fills the cooling towers and
the holding tanks, the water is sent into the overflow piping
branch and out to the bio swale area above the collection

tanks. This area allows the water to filter back into the ground.
The emergency drains are also directed to the bio swale area.
Additionally, there is a collection system for ground water
from the high water table through a cistern/sump pump
assembly under Lower Level 5. The system allows us to collect
at least 36% of our cooling tower make up water needs.

Tanks
1
2
3
4
5

Volume (ft³)
7049
3525
2350
1762
1410

SA (ft²)
Radius (ft)
176
7
88
5
59
4
44
4
35
3

Calculations for Number and Size of Rain
Water Storage Tanks
Sized for a 2 Year 2 Hour Storm

STRAINER

Cross Section of Underground Water
Storage Tanks and the Bio Swale Over
Flow

TYPICAL LEVELS 3 THROUGH 7

COOLING TOWER

LEVEL 2

BIO SWALE

STRAINER
LOWER ROOF

LEVEL 1

RAIN WATER
COLLECTION
TANK

SUB-TERRANEAN
COLLECTION CISTERN

COOLING TOWER
SUMP TANK

PROJECT

FILTRATION SYSTEM

LOWER LEVEL 1

LOWER LEVEL 3

TO RAIN WATER TANK
(SEE RAINWATER PLAN)
RAINWATER STORAGE
TANK

OVERFLOW
SYSTEM

FILTRATION SYSTEM
CONDENSER WATER
(SEE CHILLED WATER DIAGRAM)
CENTRAL PLANT

TOWER

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

GREEN ROOF
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OVERFLOW TO
BIO SWALE

LOWER LEVEL 5
COLLECTION
CISTERN

SUB SOIL DRAINAGE IN HIGH WATER TABLE AREA

RAIN WATER
FROM TOWER
ROOF
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FAÇADE ACOUSTICAL CALCULATIONS

Equipment

The double skin assembly along US Route 6 has a minimum STC value of 52. This is due to the 3
foot air gap between the outer glass and inner wall assemblies and the lamination on the panes
of glass. The assembly exceeds the required STC-39 for the façade and helps to create a quiet
indoor environment to support the patient healing process.

14-AHU
28-Cent. Fan
Chiller
Total Lp

Number
125
14 101
28 106
1 82
108

160
101
106
82
108

Mechanical Room STC Calculation
Frequencies (Hz)
200 250 315 400 500 630 800 1000
95 95 95 92 92 92 87 87
98 98 98 99 99 99 96 96
82 82 82 82 82 82 85 85
100 100 100 100 100 100 97 97

1250
87
96
85
97

1600
81
82
93
94

2000
81
82
93
94

2500
81
82
93
94

3150
77
89
88
92

4000
77
89
88
92

NC Curve-30

49

49

40

40

40

35

35

35

31

31

31

29

29

29

30

30

Difference (NR)

59

59

60

60

60

65

65

65

66

66

66

65

65

65

62

62

RT
SW
TL

0.50 0.50 1.28 1.28 1.28 1.89 1.89 1.89 2.22 2.22 2.22 2.50 2.50 2.50 1.92 1.92

178 178 178 178 178 178 178 178 178 178 178 178 178 178 178 178
85 85 82 82 82 85 85 85 86 86 86 84 84 84 82 82

Mechanical Room TL Calculation

NC-30
Patient Room

~69 dB
Traffic Noise
Transmission Loss, TL (dB)

Level 3

Partition Deficiency
TL (dB)
(dB)

67
70
73
76
79
82
83
84
85
86
87
87
87
87
87
87

85
85
82
82
82
85
85
85
86
86
86
84
84
84
82
82

0
0
0
0
0
0
0
0
0
0
1
3
3
3
5
5
20

83

0
0
0
0
0
0
0
0
1
2
3
5
5
5
5
5
31

60
50
40

Level 2

Contour Level (dB)

30
20

TL (dB)

10

One-Third Octave Band Frequency (Hz)

39

125 160 200
64 64 57

Façade STC Graph
Façade STC Calculation
Frequencies (Hz)
250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000
57 57 52 52 52 47 47 47 43 43 43 41 41

NC Curve-30

45

45 36

36

36

30

30

30

26

26

26

24

24

24

23

23

Difference (NR)

19

19 21

21

21

22

22

22

21

21

21

19

19

19

18

18

60

Contour Level (dB)
Partition TL (dB)

50

One-Third Octave Band Frequency (Hz)

Source Room
Floor Area
Receiver Room
Receiver Room
Floor Area
Common
Partition Area
Receiver
Room/Partition
Area

Private PICU
Room (473)
298
Private PICU
Room (472)
304
126.5
2.4

Source Room

Private PICU
Room (473)

Source Room
Floor Area

Source Room

Private PICU
Room (473)

Source Room
Floor Area

298

298

Receiver Room Bathroom
Receiver Room
53
Floor Area
Common
176
Partition Area
Receiver
Room/Partition
0.3
Area

Receiver Room Corridor
Receiver Room
589
Floor Area
Common
164
Partition Area
Receiver
Room/Partition
3.6
Area

Speech Privacy

9

Speech Privacy

15

Speech Privacy

15

R_R

4

R_R

0

R_R

6

NC

30

NC

30

NC

40

Sound Pressure
Level

60

Sound Pressure
Level

60

Sound Pressure
Level

60

R_S

3

R_S

3

R_S

3

Field STC

38

Field STC

48

Field STC

32

STC Adjustment

8

STC

46

STC Adjustment
STC

8

STC Adjustment
STC

56

8
40

Speech Privacy Calculation for the Patient Room
Requirements
Confidential & Worst Case
In Between
Normal
Type

Construction

STC
Price ($/sqft)

PICU to PICU
52
49
46
Updated: Wall 6

PICU to Corridor
PICU to Bathroom
40
56
37
53
34
50
Original
Updated: Wall 5
Interior Wall Type A6
1/2" Gypsum
5/8" Gypsum
5/8" Gypsum
1/2" Gypsum
3-5/8" Metal Stud
6" Metal Stud 3-5/8" Metal Stud
3" FG
5/8" Gypsum
1.5" FG
5/8" Gypsum
1/2" Gypsum
1/2" Gypsum
49
39
55
2.72
2.17
4.14

It was then found that in order to maintain an
NC-30 rating in the non-critical exam rooms
below, the floor ceiling assembly would need a
rating of STC of 83.
Additionally, vibration and impact needed to be
considered when deciding on a floor ceiling
assembly.

The mechanical equipment also resides on
spring isolators and a concrete inertia
housekeeping pad to isolate impact and
vibration from the equipment.

Recommended NC Values
for Hospital Spaces
A speech privacy calculation was completed
for the patient room in order to insure that
the information shared in the room stayed
private. Additionally, with the bathroom
access changing so that the patient’s
bathroom is now protruding into their
neighbors space, it was important to address
the acoustics of this wall. Above is a graphical
and chart summary of the calculation, walls
chosen, and location of the assemblies. See
Section 6.0 of the Construction report for
information on the assembly pricing.
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Facade TL Calculation

70

Fusion specified a floor ceiling assembly that is a
6” concrete slab, vibration isolation hangers,
3.5” of fiberglass insulation, drywall furring
channels and 2 layers of 5/8” gypsum board. This
assembly was rated at STC-84 and IIC-70 and is
used for the floor and ceiling assembly for the
mechanical room to combat noise and vibration.

4000

3150

2500

2000

1600

1000

800

630

500

400

315

250

0

1250

Façade STC-52 Contour

Source Room

80

An acoustical analysis was conducted after
moving the mechanical room to Level 2 of the
tower. The analysis revealed three critical spaces
located adjacent to the new mechanical room.
The C-section, C-section shell, and Infant OR
were identified and moved to the shell space
across the hall to avoid undesirable adjacencies.
The new locations are outlined in green on the
3rd floor plan.

Facade STC

200

45
45
43
43
43
42
42
42
40
40
40
38
38
38
38
38

160

23
26
29
32
35
38
39
40
41
42
43
43
43
43
43
43

Deficiency
(dB)

125

TL (dB)

Transmission Loss, TL (dB)

Contour
Level (dB)

90

Mechanical Room STC Graph

In order to maintain an NC value of 30 in the patient
rooms, it was calculated that the façade assembly
must, at minimum, be an STC of 39. Fusion was able
to create an assembly that was over the minimum at
STC-52 as can be seen by the red contour line.

Facade TL Contour

RT
SW
TL

Contour
Level (dB)

Mechanical Room STC

Outdoor Sound Interaction with Double Skin Facade

Continuouse
Heavy Traffic SPL

1/3 OctaveBand
Frequency
(Hz)
125
160
200
250
315
400
500
630
800
1000
1250
1600
2000
2500
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4000
Total
Assembly
STC:

Mechanical Room TL Contour

DOUBLE SKIN
ASSEMBLY
STC-52
1/3 OctaveBand
Frequency
(Hz)
125
160
200
250
315
400
500
630
800
1000
1250
1600
2000
2500
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4000
Total
Assembly
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BUILDING FIRE PROTECTION SYSTEMS

FAÇADE FIRE PROTECTION AND HELIPAD FUME DISPERSION SYSTEM
Double Skin Façade
Exhaust Fan Intake

Up Blast Exhaust Fan
Helipad Exhaust Intake
TOWER ROOF

FAÇADE/ROOF
EXHAUST FAN

Note: See Airflow
Diagram for Emergency
Relief Air Exhaust
Through the Mechanical
Room
HELIPAD

LEVEL 3

ROOF EXHAUST
FAN
TOWER ROOF

Sprinkler Layout for a Typical Floor Plan
Extended sprinkler heads were used in the typical floor plan layout to allow for one sprinkler head to cover up to 20x20 SF in each room
that it serves. Patient rooms, on average, utilized 2 sprinklers to cover the full area. The location of the sprinkler system was coordinated
with the other disciplines sharing the ceiling and plenum space. The fire suppression system utilizes an automatic sprinkler system in
accordance with NFPA 101.
The system is also equipped with smoke detectors in every room of the building and at the smoke vestibule doors on levels 5, 6, and 7.
Additionally, there are smoke detectors in every return and supply duct in accordance with NFPA 90A as most of the units are over
15,000 cfm.

Double Skin Façade Smoke Evacuation System and Roof Exhaust Plan View

West
North
North East
South East
Total

Façade Length (ft) Width
26
60.5
216.5
96.5

Height
3
3
3
3

Volume (ft^3) ACH
82
6396
82
14883
82
53259
82
23739

Dry Pipe Section

Wet Pipe System

Helipad Integrated Fixed Discharge Foam Fire
Suppression System

20
20
20
20

cfm
127920
297660
1065180
474780

ft^3/s
2132
4961
17753
7913
32759

# of Fans CFM
Fan Size TOTAL CFM
36
1.0
2132
2200
2200
83
1.0
4961
5000
5000
296
4.0 4438.25
4500
18000
132
2.0
3956.5
4000
8000
546
8
33200

Façade Smoke Exhaust
As the façade is considered an occupiable space, it has been designed
with integrated dry sprinkler heads and a smoke evacuation system.
The smoke evacuation system consists of 8 roof exhaust fans that are
ducted into the air cavity. In the case of smoke being detected in the
air cavity, the exhaust fans will turn on and create an airflow rate of 20
ACH to exhaust all smoke from the air cavity and create a negatively
pressurized space. The relief air that enters the cavity during normal
operation will be diverted to the outdoors in the mechanical room
and a set of make up air dampers in the bottom of the cavity will be
opened to provide the air that is exhausted.

Side Wall Sprinkler

The fire suppression system for the helipad consists
of a helipad integrated foam discharge system in
accordance with NFPA 148 with an additional manual
spray system on the deck. The nozzles will surround
the perimeter of the helipad and release foam onto
the helipad surface in the case of a fire. The buildings
alarm system will be equipped to receive this signal
and send notification to the fire department. There
will also be an additional parapet around the helipad
to hold any fuel that may spill. The manual spray
system will be used to cover any of the spilled fuel in
the case of an accident.

ft^3/hr

Calculations for Double Skin Façade Air Changes

This detection system with have the ability to activate the smoke exhaust mode for the affected air handling unit so that contaminated
air is not spread through the remainder of the building. The detection system will also notify the medical team in the case of a system
activation. The medical team will then activate the audio and visual alert system for the building and begin hospital protocol for a fire
event.

HELIPAD FIRE PROTECTION SYSTEM

Make Up Air
Dampers
Double Skin Façade Smoke Evacuation System
and Roof Exhaust Section View

Fire Suppression Equipment Integration for Double Skin Facade

Helipad Fume Dispersion
In the case that there is a helicopter idling on the roof the façade,
exhaust fans can switch over to exhaust fumes caught in the parapet
of the roof. The 8 fans along the double skin façade will work in
combination with the 4 fans along the conventional façade to create
an air change rate of 15 ACH. This will exhaust all particles vertically
into the air and disperse the exhaust. This will prevent the fumes from
spilling over the side of the building and into the mechanical system
intake louvers.
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LIGHTING / ELECTRICAL EXECUTIVE SUMMARY
For the 2018 AEI Student Design Competition, Fusion worked as an multi-disciplinary team to create a center of wellness
that adapts to the changing needs of the Children’s Hospital and Medical Center community. Fusion worked in a
collaborative manner between all disciplines to deliver a final design which emphasizes the project goals of
ADAPTABILITY, WELLNESS,, COMMUNITY,, and INTEGRATION.. The lighting / electrical team aimed to create electrical and
lighting systems that improve the lives of the occupants within the Children’s Hospital while keeping them safe during a
disaster.

LIGHTING DESIGN

CONTROLS

DAYLIGHTING

RGBW LEDs create a colorful
environment for the patients.
Tuneable white fixtures in the team
center, corridor, and family center
allow for the Correlated Color
Temperature to be changed in all
the spaces, and maintain uniformity.

Give the patient control over their
environment to ensure that they
regain a sense of control. Controls
are also used to reduce energy
usage.

Maximized the daylight in the
patient rooms, and analyzed the
Circadian Stimulus value to ensure
that the patient is receiving enough
natural light to regulate their
circadian rhythms.

REDUNDANT BACKUP POWER

ON-SITE GENERATION

POWER DELIVERY SYSTEM

An N+1 backup power system supplies
the essential electrical system through
two CHP microturbines and three
diesel
generators.
One
diesel
generator remains on standby for
redundancy. Together, this system
provides 96 hours of emergency
power.

Microturbines located in the central
plant produce steam and power for
the Hospital. The electrical and
mechanical design teams integrated
their systems, reducing the annual
energy bill by 53.76%, and reducing
generator
diesel
consumption
during emergency operation by
acting as an emergency generator.

The main electrical room on Lower
Level 3 is adjacent to the central
plant for short feeders from the
generators and microturbines. Maintie-main switchgear feeds busway
running up the Hospital, which
allows the Hospital to adapt to
future additions or alterations of the
power system.
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the life of every child. With a multi-disciplinary and
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1.0 Project Introduction
The Children’s Hospital and Medical Center is a proposed
pediatric and neonatal care center addition to the
medical campus in Omaha, Nebraska. It is a 390,000 SF
addition to the hospital, including a subgrade level, three
-story podium, six story tower, and roof helipad. The
hospital addition faces Route 6, a major east-west road
in Omaha. The addition is situated in-between the
existing Children’s Hospital and the Specialty Pediatric
Hospital and, for the purposes of the competition
project, does not connect to these existing buildings.
Fusion has worked to design a solution that works hand
in hand with the goals of the medical staff, the patients,
and their families to provide world-class pediatric care to
the community of Omaha.

2.0 Team Mission
Through a collaborative team dynamic, Fusion delivered
a state of the art medical center in line with the
Children’s Hospital and Medical Center’s mission. The
building facilitates exceptional clinical care to improve
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3.0 Project Scope Goals

Adaptability for a Better Future
A project goal was to provide the clients with a solution
that meets their current and future needs. Patient rooms
have been designed to provide patients with complete
control over their environment, ensuring the room is age
appropriate and adaptable to their needs. Patients
require certain medical equipment throughout their stay.
Moveable equipment is tracked with WiFi tags, so it can
be quickly located. Generators provide backup power for
the hospital, ensuring that there is always power if the
electrical grid were to go down.

Wellness with a Focus on Occupant Experience
A building has the ability to contribute to or hinder the
health and healing of its occupants. Patient control over
the lighting in their room was increased to ensure the
patient does not feel like they have lost all control of
their life. The lighting design throughout the hospital has
been created to evoke a sense of serenity and promote
stress relief, helping patients and caregivers reduce
stress during their stay. To ensure both the patients’ and
medical teams’ well being, the team lighting design helps
to keep their circadian rhythms from being disrupted.

Community for the Support of the Hospital Staff
The Team recognizes the impact this project has on the
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community of Omaha as well as the hospital community.
In addition to a disaster plan to protect the occupants of
the hospital, this project includes a storm shelter that
will provide the community with the resources to stay
connected with their loved ones, with access to power
and cellular coverage provided by a Distributed Antenna
System (DAS). The lighting in specific rooms meets
patient room lighting requirements in case those rooms
need to be turned into patient rooms in the event of an
emergency.

4.0 Codes and Standards
Various codes and standards apply to hospitals. Typically,
these are much more stringent than most other
structures. Electrical codes and standards are supplied
from:
 NFPA
 NFPA 70—National Electric Code (NEC)
 NFPA 99 – Health Care Facilities Code
 NFPA 101 – Life Safety Code


NFPA 110 - Standard for Emergency and
Standby Power Systems



ASHRAE 90.1—2016
 Facilities Guidelines Institute
Lighting design recommendations and codes are
supplied from:






IES Handbook, 10th Edition
ANSI/IES RP-29-16 Lighting for Hospitals and
Healthcare Facilities
Facility Guidelines Institute (FGI) for Hospitals
and Outpatient Facilities
IECC 2015
ASHRAE—Advanced Energy Design Guide
(AEDG) for large hospitals

5.0 Power Distribution System
A well designed power distribution system is critical to
the normal operation and resiliency of a hospital.
Consequences of a failure at any point in the electrical
system can range from very minor to deadly
consequences. As such, the power distribution system
includes points of redundancy, an effective main
distribution room location, and a backup power system
sized to keep the hospital operating normally during loss

AEI TEAM 02-2018

of primary electrical service.

5.1 Service Entrance
Based on the total demand load found in Sec. 6.0 of this
report, the Children’s Hospital would require a 7,000A
service entrance. Unfortunately, 6,000A main switchgear
breakers are the highest available. Thus, two service
entrances were original proposed for the Hospital.
6,000A and 3,000A switchgear were used for normal
power distribution, with a 6000A emergency switchgear
for emergency power distribution. The larger of the
normal switchgear is main-tie-main, requiring two
service entrances, resulting in a total of three for the
hospital. See Drawing E-103 for a one line diagram of
how the system was divided.

5.2 Schematic Riser Diagram
Typical hospital distribution system design would place
the main distribution equipment (e.g. switchgear,
automatic transfer switches, and transformers) on the
ground floor or in the basement of the building. From
this point, feeders distribute power up a building shaft to
electrical closets, like the one provided on Drawing E105. However, architectural floor changes influenced
Fusion’s location of its main electrical room. See
Integration Report Sec. 7.1 for more information on the
floor reorganization.
The original location of the main mechanical room from
the given design was on Level 7 of the tower. Had the
main electrical room been placed on Lower Level 5, the
total vertical feeder length to the mechanical room
would have been approximately 150’. Placing the main
electrical and main mechanical rooms at their new
locations reduced the feeder runs to these large
mechanical loads.
A primary goal was to place the main 480V distribution
equipment on the same floor as the mechanical
equipment. This would create short feeder runs to large
mechanical equipment, resulting in lower voltage drop at
the equipment and cost savings for these feeders.
However, as the design developed, space became limited
on Level 2 where the mechanical room was located. The
east corner of Lower Level 3 in the podium was chosen
as the location for the main electrical room (Figure 1).
This location provides convenient placement relative to
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the medium voltage transformers, located in a protected
enclosure within the parking garage, and to the central
plant. For more information about the central plant, see
Integration Report Sec. 8.1. A full schematic riser
diagram is provided on Drawing E-101, showing the
interconnections between equipment.

entrance disconnect. Ground fault relays, connected to
each disconnect switch, are provided on the main
feeders. Selective coordination of the relay time current
curves has the main ground fault relay separated at least
six cycles (0.1 seconds) from downstream breakers,
avoiding unnecessary facility blackouts.
Each operating room is supplied with an isolation power
panel, containing an isolation transformer and line
isolation monitor. Remote monitor alarms are located in
each operating room, notifying personnel in the room if
a fault exists within the system. Use of these isolated
power systems protect patients and staff in the event of
a fault, allowing continuation of work and avoiding loss
of power from tripping of traditional GFCI breakers.

6. On-Site Generation

Figure 1: Main electrical room layout

Costs were also reduced by utilizing busway instead of
cable conductors (Figure 2). Due to the requirements of
the essential electrical system, four separate branches of
feeders (normal, critical, equipment, and life safety)
must be run up the hospital. The space required to run
all of these feeders was a point of concern, in addition to
the cost of labor required to install them. To avoid this
dilemma, eight runs of 3-phase bus duct were installed,
providing power to each of the four branches,
mentioned previously, at both 480V and 208V.

Figure 2: Busway utilized for vertical power distribution.

5.3 Equipment and Personnel Protection Systems
In accordance with Article 517.17 of the NEC, groundfault protection will be provided at each main service
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The ability to produce power on-site on a daily basis can
reduce reliability on utility services, thus reducing the
electric utility bill. Hospitals are large consumers of
energy on a per square-foot basis. According to an article
from Austin Energy, a hospital’s typical design demand
load is 14.5 VA/SF. Based on a total building area of
390,000 SF, the Children’s Hospital would require 5,655
kVA (4806.75 kW at 0.85 PF) of apparent power to be
delivered by the local utility.

6.1 Base Energy Cost Analysis
The local electric power utility in Omaha was assumed to
be the Omaha Public Power District. Rate Schedule 232,
General Service—Large Demand, was used to construct a
base cost estimate of electrical service to the hospital.
Rates can be found in Table 1.
This schedule contains three different charges: service,
demand, and energy. Assuming no on-site generation,
the average monthly electrical bill was calculated to be
$108,000.00. Calculations were based upon a 2007
CBECS report from the U.S. Energy Information
Administration, which found hospitals from 201,000500,000 SF use about 34.5 kWh/YR/SF. This estimate
translated to an average daily energy use of 36,863 kWh
for the Children’s Hospital. Schedule No. 462, Primary
Service Discount, allows a primary service discount of 35% to be applied to the monthly bill. Assuming a
standard district transmission of 13.2 kV is acceptable, a
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3% discount was applied to the monthly bill. A final
average monthly bill of $105,000.00 was obtained for
comparing future design options. For a breakdown of
electric utility and fuel costs, please see Drawing E-106.
Table 1: OPPD Schedule 232 Charges
Charge

Amount

Units

Days Applicable

Service
Charge

$115.31

n/a

January 1—December 31

$10,170

First 1,000 kW

January 1—December 31

$10.17

Remaining kW

January 1—December 31

$0.0550

First 300 kWh per
kW of demand

June 1—September 30

$0.0504

Remaining kWh

June 1—September 30

$0.0412

First 300 kWh per
kW of demand

October 1—May 31

$0.0360

Remaining kWh

October 1—May 31

Demand
Charge

Energy Charge

6.2 Combined Heat and Power
Fusion investigated how the combination of mechanical
and electrical systems could play a key role in an
integrated design, optimizing the Children’s Hospital’s
energy use and saving on utility energy costs. A
combined heat and power (CHP) system was selected to
promote integration and energy optimization. This
system produces electricity as a primary output, with
excess heat as a byproduct. This system was primarily
designed to meet the mechanical load needs, with the
resulting electric output feeding into the normal and
emergency electrical systems. A diagram explaining the
function of the selected CHP system can be seen in
Figure 3.
Based on CHP system selection, as described in the
Mechanical Report Sec. 8.1.1.2, the output of the CHP
system ranges from 800 to 1,800 kW. Power output
throughout the day will vary due to thermal load profile
following of the system. The power generated from the
CHP system is integrated into SWGR-N-1 after the
voltage, phase, and frequency are synced with the
incoming utility power. Utilizing both the electrical and
thermal output of a CHP system creates a much more
efficient, cost effective, and integrated solution as
opposed to utilizing both heat and power separately
through a boiler and the electric grid.
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Figure 3: CHP system diagram

The integrated CHP system saves the Children’s Hospital
50.8% in yearly electric utility costs, a $638,000.00
reduction from the separate heat and power system.
After factoring in fuel costs for the CHP system, the total
energy bill for the Children’s Hospital was $712,000.00,
which equates to a 45.5% in annual energy savings. A
cost savings analysis is provided on Drawing E-106.

6.3 Alternative Energy Sources
Photovoltaic (PV) power was also researched as an
alternative energy source for the Children’s Hospital.
Initial locations for PV panels included the tower roof,
tower façade, and parking garage. Preliminary shade
studies showed that the optimal location was the top
level of the parking garage, as the surrounding structures
had minimal shading impact. An assessment using
Helioscope, an online solar design program, concluded
that a reasonably sized PV array would have an
estimated payback of about 14 years. Additionally,
potential damage to the PV system by a tornado was of
concern. Ultimately, Fusion chose to avoid PV generation
due to the long payback and the added cost to reinforce
the panels to prevent potential wind/projectile damage.

7.0 Back-Up Power
Back-up power is an essential component of any facility
that requires some level of operation during the loss of
normal power. The Children’s Hospital is one of those
facilities requiring a high back-up capacity, combined
with optional redundancy in order to avoid failures
during emergency situations.
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7.1 Essential Electrical System
Article 517 of the National Electrical Code describes
electrical requirements for healthcare facilities. Part III of
this section details the core distribution of back-up
power for a healthcare facility: the essential electrical
system (EES).
When sizing the essential electrical system, the NEC
states that the system shall have the capacity and rating
to meet the maximum actual demand likely to be
produced by the connected load. Given the limited detail
available on actual hospital loads, it was not feasible to
accurately determine the demand on the essential
electrical system. Professional consultation indicated
that an 85% backup of the Children’s Hospital’s electrical
demand was an appropriate capacity for this design. The
total facility demand can be found by referencing Sec.
6.0. An 85% backup results in a maximum EES demand
load of 4806.75 kVA and 4085.74 kW, assuming an
overall facility power factor of 0.85.
Within the EES are three separate branches: critical, life
safety, and equipment. Each is to be transferred from
normal to emergency power by means of an automatic
transfer switch. Each branch of the EES is supplied by its
own transfer switch, since the total demand load is
greater than 150 kVA, per requirements from NFPA 70
Section 517.30(B)(2).

7.2 Redundancy
Potential failures anywhere in the electrical system need
to be addressed, no matter how small the statistical
likelihood. Such failures might occur at the point of
generation, where a generator could either fail or only
output a fraction of its total capacity. Repercussions of
generation failure involve either complete system failure
in the event of a facility's only generator failing, or the
need to implement load shedding. See Figure 4 for
sources of power specified for the Children’s Hospital.
Currently, code does not require any level of redundancy
in regards to electrical generation and distribution.
However, due to recent natural disasters such as
tornados, hurricanes, and floods, the healthcare industry
is leaning toward higher reliability in their back-up
systems. In addition to avoiding potential failure of the
essential electrical system, incorporating a redundant
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design allows the facility to avoid potential load shedding
in the event a portion of the back-up generation
equipment fails. In order to provide quality disaster
preparedness planning and engineering, a redundant
back-up generation system is critical to the success and
continued operation of the Children’s Hospital.

Figure 4: Sources of normal and emergency power

7.2.1 N+1 Redundancy
Different levels of redundancy exist, such as N+1, N+2,
2N, etc. Each is selected based on available budget and
the consequences of potential downtime. As for the
Children’s Hospital, extended periods of downtime due
to unforeseen equipment failure can result in the loss of
life for patients connected to electrically powered lifesupport equipment. As such, it is critical to provide the
proper level of redundancy based upon the likelihood of
power loss and equipment failure.
N+1 redundancy is the first step up from normal backup
capacity of N, where N refers to the number of power
sources required to meet the design load. Load shedding
may become necessary when multiple generators are
synchronized in parallel, and one either cannot perform
at peak load, or fails altogether.
In order to improve the reliability of the essential
electrical system in the event of normal power loss, an
N+1 redundant emergency generation has been
designed. As mentioned in Sec. 7.1, the assumed
required backup power is 4806.75 kVA and 4085.74 kW.
These values were used as the basis to calculate the
minimum amount of backup.
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To avoid previously mentioned faults of using one
generator as the only source of backup, Fusion designed
an N=4 back-up generation system in which two diesel
generators of the same make and model are used in
parallel with both microturbines, discussed more in Sec.
7.3, to provide 100% of the necessary backup power
required by the Children’s Hospital. Including a third
diesel generator of the same make, model, and size as
the first two completed the N+1 design of the backup
system. See Figure 5 explaining N+1 redundancy.
This design allows continued emergency operation of the
Children’s Hospital at 100% of the EES design load, with
one generator completely offline.

7.3 CHP as an Emergency Generation Source
Any level of redundancy within a system results in a
higher cost to the owner. In the end, it is the owner’s
decision whether or not to pay for redundant systems.
As mentioned in Sec. 6.2, a CHP system capable of
generating up to 1,800 kW of electrical power was
proposed in order to increase the energy efficiency of
the overall facility. Since the CHP system is already
producing on-site power, the system could continue
producing that power in the event of normal power loss.
If the CHP system can continue to operate during normal
power loss and transfer its output to the EES, then the
total system would require less power from backup
diesel generators, saving diesel fuel and reducing the
number of generators needed to meet the demand of
the EES.

Integrating the CHP into the emergency system required
only two diesel generators to be running in parallel with
the CHP in order to meet the EES demand load. The third
generator will remain on standby, creating the “+1” in
the N+1 redundant system. See Drawing E-101 for
backup power calculations.
With two of the three diesel generators operating in
parallel with the CHP system, each generator would be
loaded to 94% of its available output. This is a best case
scenario under emergency conditions, where the least
amount of diesel fuel is consumed.

7.4 On-Site Fuel Storage
Research for on-site fuel storage requirements was
inconsistent across various codes. NFPA 110-2016 does
not specify a fuel storage capacity, while the FGI requires
a minimum of 24 hours, but recommends 96. The choice
was made to adhere to the 96-hour recommendation. A
30,000 gallon diesel tank was selected based on
generator fuel calculations, found on Drawing E-101.
In the event that natural gas supply is lost, two
supplemental boilers can be fed from the diesel tank
located on the ground floor of the parking garage,
providing steam that otherwise would have been
produced by the microturbines. However, this decreases
the total fuel capacity to 76 hours, based on a boiler
consumption rate of 35 gal/h. See Drawing I-109 for
potential load shedding scenarios.

8.0 Circadian Rhythms
According to ANSI/IES RP-29-16, circadian rhythms are
behavioral and physiological patterns that are associated
with day/night cycles. This behavioral pattern has a large
impact on a person’s health as well as their ability to
heal. It is important to improve the healing process of
the patients in any way possible, and ensure that the
circadian rhythms of the medical staff working night
shifts are properly entrained to minimize potential
health issues. How circadian rhythm considerations were
incorporated into our design solutions can be found in
Sec. 10.0.

8.1 Nurses
Figure 5: Diagram of N+1 redundancy
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Nurses have shifts that can take place at anytime in a 24hour period. Night shift nurses can suffer side effects
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such as obesity, diabetes, cardiovascular diseases, and
cancer if their circadian rhythm is constantly disrupted. A
main cause of circadian rhythm disruption is the amount
of blue-rich light that the nurses receive from computers
and the luminaires. In order to minimize the disruption
of their circadian rhythms, blue rich light is used earlier
in the shift and reduced late in the shift to help prepare
them for sleep.

8.2 Patients
It is a priority that patients receive the best course of
treatment that will help them recover as soon as
possible. Studies have shown that the incorporation of
daylight reduces recovery time and the amount of pain
medication that is used. Circadian stimulus studies were
preformed for morning daylight and can be found on SDE.
Sleep disturbances may result in some adverse side
affects during the healing process. Sleeping disturbances
caused by electric lighting have been analyzed through
circadian stimulus values (CS), and solutions that
minimize the CS value at night have been implemented.

8.3 Family / Caregivers
Since most parents sleep patterns are disturbed by the
stress and anxiety of their child being in a hospital, it is
important for their circadian rhythms to be regulated. A
design solution that allows for the caregivers to receive
daylight ensures that their circadian rhythms are not
disturbed. While daylight may not be the best solution
for all patients, specifically some infants younger than 28
weeks’ gestation, the family members and caregivers
who are spending the majority of their time in the
patient rooms will benefit from access to natural light.

design for the patient to view, with a main focus on the
patient room, hallway, and team center designs. While
the lighting design is focused around the patient, the
design also accommodates the medical team, and the
patient’s family.
The overall theme of the current Children’s Hospital is
whimsical. In order to maintain uniformity amongst
themes, colored light was implemented in the spaces
and whimsical characters were incorporated into the
interactive elements. Since the age of a patient can
range from newborn to 17 years old, the overall lighting
needs to be adaptable to patients of every age.

While it is important to create an environment that does
not have a clinical feel, it is imperative to meet the
recommended illuminance levels for the multiple tasks
being performed in these spaces. A list of recommended
illuminance levels for each of the spaces that will be
discussed, which include:
1. Pediatric Intensive Care Unit (PICU) Patient Room
2. Neonatal Intensive Care Unit (NICU) Patient Room
3. Hallway
4. Team Center
5. Family Waiting Area
6. Façade
can be found on Drawing E-109.
The placement of the these spaces can be seen on a
typical patient floor plan below in Figure 6.
Patient Rooms
Corridors
Team Center
Family Waiting

9.0 Lighting Design
The focus of the lighting design was to create an
environment where the patients feel comfortable, as
well as to provide enough light for examinations.
Patients should not feel like they are in a hospital room.
In order to achieve this, the lighting design team took
into account the connection to the outside world,
dynamic lighting, color changing fixtures, and the
patient’s circadian rhythms. All areas of the Children’s
Hospital are designed to create a unique and interesting
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Figure 6: Typical patient room floor plan that shows the
spaces being discussed.

Calculation results for all spaces can be found on
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Drawing E-109, and a typical floor reflected ceiling plan
(RCP) can be found on Drawing E-108.

General illumination is provided by square tunable white
downlights and two linear 4’ linear fixtures over the bed.

9.1 PICU Patient Room Design

The linear fixtures above the patient bed include an
exam, ambient, and reading light in each fixture.
Dimming is available for the ambient and reading
components of the fixture, while the exam light is not
dimmable.

The patients in this hospital are going to be spending
most of their time in their rooms, so it is important to
incorporate lighting that is colorful and dynamic. We
want to ensure the patient does not loose their playful
nature during recovery through the use of dynamic and
interactive lighting.

Examination illuminance levels are met with the two
linear 4’ fixtures and the square downlights. During an
examination, all tunable fixtures in the room will have
their correlated color temperature (CCT) set to 4000K so
that the color temperatures match the color
temperature of the exam luminaire.
When light levels in the hallway are too bright for the
patient to sleep, a privacy curtain by the door can be
drawn shut to eliminate any light intrusion that may
enter from the hallway.
For calculation results refer to Drawing E-109.
Refer to Sec. 11.1 for patient room controls.

9.2 NICU Patient Room Design
Figure 7: Rendering of the patient room. View taken from
the family zone.

The TV located in the patient room is specified to be a
55” touch screen mounted on a moveable arm. This
allows the TV to be rotated and lowered to a height that
allows the patient to interact with the touch screen
capabilities. To give the patient control of their
environment, the TV is programmable with a tablet. The
tablet, which is controlled by the patients, allows them to
turn their TV into a customizable display, where patients
can display photos/artwork/digital posters or turn it back
to television mode. Patients who are not bedridden can
use the interactive game features under supervision.
These games are a way to make physical therapy more
fun and encourage the patients to perform the exercises
that the medical team has prescribed for them.
The TV is located in a new cabinet system across from
the patient bed. This system has a 5” lip above the top of
the cabinets which hides a linear RGBW fixture. This
fixture creates a colorful glow above the cabinet and
across the ceiling, or it can be switched to white for extra
illuminance by the sink during examinations.
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The design of a NICU patient room is driven by:
 Circadian rhythms
 Avoiding lighting solutions that may cause retinal

damage.
 Illuminance recommendations for examination and
the family area.
Research has proven that infants who are not exposed
to high light levels 24 hours a day have better recovery
results.
Lighting in the space will be reduced during night hours
(7 PM and 7 AM), so that the infant can sleep more
soundly through the night. The window shades in the
patient room will be linked to an automatic time clock to
ensure that the infant is receiving appropriate levels of
daylight starting at 7 AM in the morning to help regulate
the infant’s circadian rhythms. For infants who require a
darker environment, the automatic time clock setting will
be turned off so that blackout shades can remain down.
In order to ensure that the infants do not experience
retinal damage from direct light, indirect light fixtures
have been specified.
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In all NICU patient rooms, a privacy curtain between the
patient bed and the family area will block out all daylight
and give the families a private area without being far
from their child. This area allows family members to
manually open the shades and receive daylight
throughout the day.

9.3 Corridor Design
Patients are transported to x-rays, surgeries, etc. via the
corridor. While a patient is being transported, they will
be staring at the ceiling. Since this is a time of high
stress/anxiety for a patient, the goal of the design in this
area is to distract the patient from what is going on and
to keep their anxiety to a minimum. See Integration
Report Sec. 10.1 for the corridor design.

floor, the cove is sealed with an acrylic lens so that there
is no surface of the cove collecting dust.
Refer to Drawing E-108 to see how the cove is
constructed.
Recessed color changing LEDs around the patient rooms
doors allow the family and patient to select a color, so
that the family and visitors have a marker they can use
to locate a room more quickly. Patients will not be able
to select a color that is currently being used to avoid the
duplication of colors on a floor. This color may also help
nurses associate a patient to a room. In the case of a
patient emergency, these lights will flash so the medical
team receives visual notification. While these lights help
with wayfinding throughout the corridors, the RGBW
fixtures add a splash of color and an element of fun.
Refer to Drawing E-108 for more information.

9.4 Team Center Design
The team center is where the doctors and nurses input
patient information, and discuss treatment. See
Integration Report Sec. 10.2 for team center design. This
space is primarily used by the medical staff. The design
needs to blend in with the design of the hallway so that
the lighting design is cohesive across the entire floor.

Figure 8: Rendering of the corridor

Besides patient transport, the hallway is used by the
medical staff, family, and caregivers. The lighting is
designed to help move people through the space quickly
and efficiently.

Indirect coves around the perimeter of the corridor
provide general illumination for patients, visitors, and
staff to see where they are walking. Tunable white cove
fixtures are used so the CCT of the corridor can change
throughout the day. At night the cove fixture will be a
constant CCT of 2700K and dimmed to lower levels to
reduce the amount of light entering the patient room
from the corridor. While cove fixtures are permitted on
most patient floors, the FGI says that HEMO floors
should not have any surfaces that collect dust. For this
AEI TEAM 02-2018

Figure 9: Rendering of the team center.

Pendants above the community work table in the center
of the team center provide the general illumination for
the elevated work surface, and serve as a decorative
element.
Recessed linear tunable white downlights around the
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perimeter of the space provide illumination for the desks
on the perimeter of the team center.
Linear luminaires will be mounted to the counters
behind the computers to provide extra illumination on
the desk surface if needed. These fixtures will also
provide blue wavelength light to the night shift medical
team for a period of time early in their shift so that they
receive enough blue wavelength light to remain alert
while at work, but will not prevent them from falling
asleep when they go home. See Detail on Drawing E-108.
Table 2: Table showing Circadian Calculation for Desk Lamp

90°
Height

3’

4’

Illuminance Value
(lux)

285.5

400

Circadian Light
(Cla)

268.65

380.06

Circadian Stimulus
(CS)

0.296

0.363

An interactive wall entertains the patient’s siblings and
young family members. This is intended to help the
parents so that they do not have to worry about keeping
their other children occupied while waiting to receive an
update on a patient.
A color changing LED strip around the dropped ceiling
will provide a calm dynamic aspect to the space, by
fading through multiple colors at specified time intervals.

9.6 Façade Design
The façade is the main connection of the hospital with
the community that surrounds it. The goal is to create an
interesting lighting design that evokes visual interest and
makes the Children’s Hospital seem a bit less
intimidating. This will be done through small narrow
beam fixtures that are mounted onto the mullions. The
fixtures will be programmed to create a show across the
façade through the dimming of each fixture. See Figure 11
X
below for a rendering of the façade at night.

9.5 Family Waiting Area Design
There is a small family waiting area on every floor that
will mostly be utilized by family members who are
waiting for their child to come out of a procedure and be
assigned a room. Emotions in this space will be
heightened and stress/anxiety levels will be running fairly
high. The lighting in this space is designed to promote
feelings of comfort to help reduce stress.

Figure 11: Rendering of the team center.

A main source of concern was the amount of light
trespass entering the patient room created by these
fixtures. A calculation proved that these fixtures would
produce 1-2 lux in the family zone, and 0 lux in the
patient zone.

10.0 Daylighting
Daylight helps our biological time clock regulate our
circadian rhythm and other bodily functions.

Figure 10: Rendering of the family waiting area looking at
the interactive wall.
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Besides allowing daylight to enter a space, windows also
provide a connection to nature for the patients, their
families, and the medical team. It is important that these
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connections are available to everyone in the hospital.
This connection to nature and the supply of daylight
should aid a patient’s recovery time.

10.1 PICU Patient Room Daylighting
One of the main areas of focus and collaboration for this
design was the location of the windows in the PICU
patient room. The three considerations that went into
the design of the windows for the patient room are the
patient’s view, the amount of daylight entering the
space, and the placement of the bathroom. See Drawing
I-105 for design iterations.
While designing the patient room, we wanted the
bathroom to have a more accessible entrance for the
patient, and at the same time maximize the amount of
daylight entering the space. See Integration Report Sec.
9.1 for patient room design.
One way to maximize the amount of daylight entering
the space would be to move the patient bathroom to the
inboard wall. The issue with moving the patient
bathroom to the inboard wall is that we would not be
able to maintain the corridor window openings that
allow the nurses to look in on two patients at once. Since
this was a condition that we did not want to
compromise, we started to look at different
configurations of the bathroom along the exterior wall.
We looked at three different bathroom orientations, the
Given Design, Option 1, and Option 2. We looked into
the possibility of adding frosted glass on the bathroom
wall and door to increase the amount of daylight in the
space, but decided against the idea after a quick
calculation. Refer to SD– E for floor plans.

10.1.1 Illuminance Levels Reaching the Patient Bed
One of the factors that went into the selection of the
patient room layout was the amount of daylight that was
entering the space. The table on SD-E shows the
illuminance values from daylight that is reaching the
patient’s bed on the northeast facade. The Northeast
façade was analyzed because it was a concern that the
double skin façade would decrease illuminance levels in
these spaces. When analyzing the illuminance values, we
also had to consider the patient’s view to outside. The
Given Design received a fair amount of daylight at the
patient’s bed, and the view was adjacent to the patient.
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While the Option 1 had the highest amount of daylight
reaching the patient’s bed, the placement of the
bathroom was making the patient’s room feel smaller
than it actually was. Finally, Option 2 had the benefit of
locating the bathroom entrance on the patient’s
headboard wall. However, it received the lowest
illuminance levels, and it provided the smallest view to
the outside.
After analyzing the amount of daylight reaching the
patient’s bed and the view of the outside from the
patient’s bed, we decided to go with the original location
of the bathroom, with a modification that moved the
door from the angled wall to the headboard wall. See
Integration Report Sec. 9.1 for more information on the
architectural changes of the patient room.

10.1.2 Redesign of the Windows
The original design of the Children’s Hospital façade
consisted of a combination of windows and panel rain
screen. In order to help reduce the HVAC energy load of
the building, a double skin façade was implemented on
the North, Northeast, West, and Southeast façades
(Integration Report Sec.7.1). The double skin façade is
3’-0” deep and has 10-1/2” x 3” mullions that are spaced
8’-0” across and 7’-0” vertically. This cavity has is a
metal walkway at every floor, which allows for
maintenance of the patient bathrooms’ and the double
skin façade. The walkway doubles as an overhang. The
Given Design with the addition of the double skin façade
reduced the average illuminance from daylight by
approximately 5%.
After
the
best
bathroom placement
was decided, Fusion
worked to increase
the room daylight
levels. The lighting
and mechanical design
teams
worked
together to specify a
window system that
had a high visible light
transmittance
(VLT)
value, but would also
reduce the energy load

Figure 12: Ceiling Heights for
patient room
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for the building. A floor to ceiling window increased the
daylight that was entering the space. Fusion was able to
coordinate with the need for a lower ceiling in the
patient area to create a 11’-0” ceiling in the family zone.
With a 11’-0” ceiling the team created a design that
allowed the maximum amount of daylight to enter the
patient room. A reflected ceiling plan with the final
heights can be seen in Figure X. See Drawing I-105 for
ceiling design iterations.

10.1.3 Shades
Two sets of shades will be provided in the patient room.
These will include:




A shade that is transmissive, but blocks out direct
glare
A blackout shade that will allow the room to be dark
if the patient needs to rest during the middle of the
day. This shade will be linked to an automatic time
clock to ensure that the shades are up in the
morning so the patients circadian rhythm is synced.
Table 3: Shade Selection
Shade

Color

Ts

RS

AS

TV

SHGC

Nocturne Blackout Fabric

Midnight

0

68

32

0

0.2

Sierra Solar
Screen Fabric

White/
Grey

14

49

37

11

0.32

happening to them, from restricted diets to not being
able to leave their beds. In order to ensure that the
patient does not feel like they have lost control of their
lives, we will be providing the patient with a control
system that places the control of their environment in
their own hands.
It is important that the medical staff and caregivers have
easy access to a set of controls that can override the
patient’s settings if they need to. It is important to locate
the controls for the medical team near the sinks so they
can wash their hands before using the switches in order
to reduce the spread of germs.

11.1 Patient Room Controls
The patient will have a basic lighting control added into
their television remote, as well as a tablet application
that comes with pre-programmed scenes, but also allows
the patient to create additional scenes. See SD-D for a
sample lighting control application.
Some sample pre-programmed settings are:
 Exam lighting
 Night Observation
 General lighting
 Reading
 Television lighting
The tablet application will have a tab where the patient
can upload personal pictures, draw, or select images to
personalize the TV.
Controls for the family area will be located on the wall
across from the bathroom, so that the parents do not
need to walk across the room in order to change the
lighting setting to nighttime or to turn on the reading
lights in the family area.

11.2 Team Center Controls

Figure 13: Material of the selected shades.

11.0
Controls
`
One of the most important things for a patient in a
hospital is that they do not loose their sense of control.
Patients loose the capability to control everything that is
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The lighting in the team center will be linked to a time
clock, so that depending on the time of day, the lights
will change the correlated color temperature (CCT)
between 4000K and 6500K.
The decorative pendant will be kept on at low levels with
an override dimming switch built into the collaboration
desk in case higher light levels are needed on the
surface.
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Task lights will be controlled by a motion sensor that is
built into the lamp or by an option on the computer that
the lamp is considered connected to. These methods of
controlling the desk lamp fixtures prevent the medical
staff from having to touch an additional surface to
minimize the spread of germs.

12.0 Special Systems
12.1 Fire Alarm System
The IBC classifies hospitals as occupancy type I-2. Type I
occupancies are places where the occupants are
physically unable to move without assistance. According
to the IBC Section 907, a manual and automatic fire
alarm system shall be installed. In addition, an
electronically supervised, automatic smoke detection
system will be provided throughout the corridors, and in
each room.
For the wellness of young patients in the Children's
Hospital, it is crucial that they are not alarmed or
frightened. As such, NFPA 101 allows a private mode
signaling system to be installed throughout the hospital.
This allows for nurses and other personnel to be notified
when evacuation from a zone or floor is required.
Signaling devices will be located in corridors, back-ofhouse areas, and nurses stations. The audibility of these
devices is required to be at least 10 dB over ambient
sound levels as per NFPA 72 Chapter 18
The fire alarm control panel will be located in the Lower
Level 3 electrical room, with a remote annunciator panel
located on the same level, in the cafeteria entrance
vestibule. This provides quick access by the fire
department, who will be entering the building from US
Route 6. Due to the large floorplan of the hospital,
booster power supplies are installed on each floor,
providing low voltage power to notification output
devices.

12.2 Security System
Security within the Children's Hospital is crucial to the
security and wellbeing of the patients and their families.
Traditional lock-and-key methods for secure areas such
as med closets, electrical rooms, and other critical spaces
require a user to have the physical key in order to access
the space. Today’s widespread use of radio frequency
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identification (RFID) technology can allow authorized
employees to enter these spaces with the swipe of their
ID badge. Utilizing RFID access control in the Children’s
Hospital allows staff to quickly access a space without
the need to carry around multiple keys.
RFID access control also includes ease of use during a
lockdown situation. Motorized doors to the corridors will
receive a signal from the building management system
(BMS) to close, and activate electronic locks in the event
of a facility lockdown, quickly creating a safe and secure
environment for the patients within.
Remote monitoring of hallways, elevator lobbies,
medicine storage, and other areas helps to add
additional security to the Hospital. Security cameras
utilizing Power over Ethernet (PoE) are installed in these
areas to aid in the overall security of the Hospital.
Additionally, the PoE technology allows the camera to
receive power and transmit information over one
ethernet cable. This eliminates the need for dedicated
electrical power, reduces installation cost and time, and
allows flexibility and future expansion of the system.

12.3 Telecommunications System
The network service provider will provide service and
terminate at its demarcation point in the Main
Distribution Frame (MDF) room on Lower Level 5.
Common standards of structured cable include CAT5,
CAT5e, CAT6, and CAT6a. Currently, CAT6a can provide
speeds of 10Gbps
along a 100m cable at
500MHz, while CAT6
can only provide
10Gbps
at
a
maximum of 55m at
250MHz.
CAT6a
horizontal
cabling
was
chosen
to
provide the hospital
with
high
data
transfer
speeds
across its network.
The hospital can
utilize the 10Gbps for
Figure 14: Sample DAS architecture
quick
access
of
courtesy of L-com
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medical records without sacrificing distance limitations
from the patch panel to the final device. Future growth
of the hospital and its equipment is also taken into
account by using CAT6a, as the size of data and the
amount of people accessing the Hospital network
continue to grow.
A central server system will be located in the MDF room,
containing patient records that can be accessed by the
nurses and doctors at the Children's Hospital. In order to
avoid corruption or loss of patient data, a 1000 kVA UPS
system was installed in an adjacent room to provide
temporary power until the generators come online.

A Distributed Antenna System (DAS) was implemented to
aid occupants within the Children's Hospital during an
emergency. Due to the height and large footprint of the
structure, the lighting/electrical team was concerned
about poor cellular coverage for patients, families, and
employees. During a disaster situation, a DAS will allow
occupants within the building to communicate and get
help if they are trapped or need to contact family. This
system would consist of an antenna mounted to the roof
of the Hospital, with coaxial cable running to Lower Level
5 where it connects to the DAS equipment. From there,
fiber optic cable will run up the Hospital, splitting at a
remote node in each closet, with coaxial cable running
from the node to indoor antennas located throughout
each floor.

12.4 Lightning Protection
Based upon the Lightning Risk Assessment, found in
NFPA 780-2017, a lightning protection system was
installed based on UL 96A. The Children's Hospital is a
Class II structure (exceeding 75 feet in height) and will
include Class II air terminals, appropriately sized cables,
bolted splices, and ground rods. Air terminals will be
spaced 20ft along the perimeter of the roof.

13.0 Certification
The lighting and electrical systems design, integrated
with all other discipline designs, contributed to a overall
project achieving LEED Gold status with 63 points.
Contributions from the lighting and electrical design
include interior lighting, green vehicle charging,
advanced energy metering, and demand response.
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14.0 Lessons Learned
Throughout the entire design process, the lighting and
electrical design team learned a great deal by working in
Fusion’s integrated design team. In most designs, the
lighting and electrical design tends to come later, as
changes in interior architecture and equipment size/
location heavily influence this team. Such changes
included movement of the mechanical room, resizing of
the CHP system, and patient room layout. These changes
can have significant ripple effects on developing designs
within the lighting and electrical team. However, working
alongside the other disciplines allowed the team to
address these changes in an optimized and effective
fashion, resulting in a final design that addressed the
owners goals and complimented the other disciplines.

15.0 Conclusion
Integration of mechanical and electrical energy through
Fusion’s combined heat and power system provides a more
efficient energy delivery system that saves the Children’s
Hospital $594,000.00 per year in energy as compared to a
separate heat and power system.

Patient wellness is provided through a patient room design
influenced by daylight. Interior lighting design utilizes tunable
white technology to mimic natural daylight, regulating the
circadian rhythm of patients within the hospital.
The power distribution system provided by Fusion is able to
adapt to future changes and natural disasters. Busway running
up the hospital allow flexibility for modifications to the hospital
electrical system, eliminating the need to run new feeders from
the main electrical room. The N+1 redundant backup system
provides 96 hours of continuous power, even if one generator
fails.

The Children’s Hospital was designed as a beacon of hope
and refuge for the Omaha community. Patient room lighting
provides a sense of control and personalization to the
occupant. The community storm shelter and emergency
operations center can utilize the building DAS network to
communicate with individuals during a natural disaster when
safety of all community members is most critical.
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SUPPORTING DOCUMENT A

DECISION MATRIX AND INTEROPERABLE SOFTWARE USE

The graphic to the right
demonstrates how Fusion utilized essential programs to
create the proposed design
for the Children’s Hospital.
Each discipline collaborates
primarily
through
Revit,
where all models are synced
together to aid in clash detection and coordination. The
Lighting and electrical team
primarily used the programs
highlighted in the diagram.
Bluebeam was a primary
source of document storage
and organization. Sefaira, a
Google Sketchup plugin, allowed the Lighting and Electrical team to run daylight
simulations for the Hospital
patient rooms.
ElumTools
and AGi32 provided accurate
illuminance calculation, assuring the designed lighting system met code standards. To
investigate potential photovoltaic opportunities, a Helioscope model was created to
analyze the effectiveness and
payback period of the system.
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SUPPORTING DOCUMENT D
B

Indoor

LEED

12/16

Environmental
Quality

Energy
Advanced Energy
Metering—1

Interior Lighting—1
Lighting controls are
provided for all individual
occupant spaces in staff
areas. Wireless Lutron
Pico remotes allow staff
to adjust their task
lighting to their needs.
Patients can control their
room lighting through the
provided tablet.

Location

5/9

19/35

Meters are placed after
all service entrances, and
each feeder leaving the
normal switchboards .
Data can be accessed by
facility management staff
and will be displayed on
energy dashboards for
the public.

Atmosphere

Demand Response—1
Utilizing
Lutron’s
Quantum
lighting
management
system
allows
the Children’s
Hospital to respond to
utility requests to reduce
power demand.
Plus
load control will be
utilized in public areas to
aid in demand response
reduction.

Transportation

Green Vehicles—1
Considerations
were
taken to provide electric
vehicle charging in the
parking garage adjacent
to the Children’s Hospital.
These spaces will also be
given preferred parking.

Total Points:

63
LIGHTING / ELECTRICAL SUPPORTING DOCUMENTS

AEI TEAM 02-2018

PAGE 107

SUPPORTING DOCUMENT C

VOLTAGE DROP ANALYSIS

480V

Switchgear

Step-down
Transformer

Busway

A voltage drop analysis was performed on the feeder conductors and busway serving
the Children’s Hospital. ASHRAE 90.1—2016 combines feeder conductors and branch
circuits to have a total voltage drop of no more than 5%. However, previous versions
recommend a 2% feeder drop. As such, each feeder path was analyzed and sized to
meet a 2% drop.

Switchgear

Two different calculations were needed since the Hospital utilizes both cable and
busway feeders. A K-value for copper of 12.9 ohms-cmil/ft was used in the cable
voltage drop analysis. Busway was used for the final length of feed for each system.
Voltage drop data was pulled from Square D’s Catalog 5600CT9101R08/13. A distributed load multiplier of 0.5 was applied to values referenced from the voltage drop
tables, and then adjusted based on the total length of busway.
Cable VD = 1.732 x K x I x L / cmil

Busway

480V, 208/120V

208V

480V

480V

Busway VD = Table Value x 0.5 x Length/100

K = physical property (ohms-cmil/ft)
I = current (amps)
L = length of conductor
cmil = total circular mil area of the conductor
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SUPPORTING DOCUMENT D

LIGHTING CONTROL INTENT

LUTRON QUANTUM - SYSTEM OVERVIEW

Lutron’s Quantum lighting control system provides total building lighting
control, energy management, and future expandability. All lighting
controls, motorized shades, ballasts, drivers, and sensors are combined
under a single software. Each patient can utilize the Q-Control+ App
through their tablet to easily control the lighting and shades in their
room. The Quantum Vue allows facility management personnel to
continuously monitor and improve the overall efficiency of the system.

TYPICAL AREA CONTROLS

Quantum Control and Switching Panels

Diagram by Lutron
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SUPPORTING DOCUMENT E

DAYLIGHTING ANALYSIS

NORTHEAST FAÇADE ITERATIONS

BATHROOM PLACEMENT VS. WINDOW LOCATION
The placement of the bathrooms was the first
architectural design change that was looked into. The
lighting design team wanted to increase the surface area
of the windows on the Northeast façade to ensure the
maximum amount of possible daylight was entering the
room. Below are the 3 bathroom layouts and the

corresponding patient view angles to the outside. While
the ideal solution for maximum daylight would be to
move the bathroom to the inboard wall this option was
not feasible because the patient observation desks would
need to be removes. The Given Design was selected.
More details can be found in the Lighting/Electrical repot
Sec. 11.1.

The lighting design team analyzed 4 iterations of the
Northeast Façade. The given design, the double skin
façade, the double skin façade with a 9’-0” floor to
ceiling window, and our optimized design (double skin
façade with an 11’-0” floor to ceiling window. After

Northeast Façade Daylight Calculation Results

Given

Option 1

Average

Given

26.35

1

31.03

2

18.50

sDA

ASE

Average
DF

March 21

June 21

December 21

Given Design

23%

0%

0.66

691

971

331

Double Skin Façade

23%

0%

1.6

657

896

304

Double Skin Façade with
9’ Window

21%

0%

1.67

770

1017

349

Optimized Design

37%

0%

2.15

780

1024

354

GLASS SYSTEM SELECTION

Option 2

With the use of two systems of glass
on the double skin façade, the visible
transmittance (VT) values needed to
1—3/8” Glass
be carefully chosen for each one.
2—Lamination
Since the air through the façade goes
3—3/8” Glass
through a heat exchanger before
3
2
1
entering the cavity, the IGU with a low
U-value needed to be the interior
Window
window unit for
1—1/4” Glass
insulation would have
2—Lamination
the lower VT of the
3—SNX 62/67 Glazing two . The complete
4—Argon Air Gap
system has a VT of
5—3/8”
Glass
54.6%.
5 6
34
6—IS
20
Glazing
2
1

Curtain Wall

CIRCADIAN RHYTHMS CALCULATIONS
After reading circadian rhythm case studies, the design
team felt that it was important to preform circadian
stimulus (CS) calculations. The minimum CS value to
achieve for a patient in the morning hours is 0.3. The
calculations below show that the CS value for the morn-

ing hours on March 21st was greater than 0.3 for 85% of
the times calculated. Multiple sitting positions were analyzed to ensure that no matter what angle the patient
was sitting at they would be receiving the minimum CS
value for at least an hour in the morning.

Circadian Light (Cla) and Circadian Stimulus (CS) Calculations for March 21st
Time of Day

0°

8 AM

9 AM

10 AM 11 AM 12 PM

Illuminance
Value (lux)

214

508

314

554

Cla

326.10

791.98

482.30

CS

0.33

0.5

Illuminance

175

408

1 PM

2 PM

3 PM

4PM

5 PM

494

391

431

366

238

85

866.67

769.34

604.17

668.03

564.45

363.37

128.17

0.41

0.51

0.49

0.45

0.47

0.44

0.35

.17

259

460

412

324

362

307

201

71

Northeast Façade Glass Specifications
Transmittance
Window

45°

Cla
CS

265.83
0.29

631.27
0.46

396.09
0.37

714.55
0.48

637.65
.46

Average Illuminance (lux)

Iteration

Illuminance Check taken at
patient’s bed.
Option

running each iteration in Sefaira, we found that our
optimized design had a 60% sDA increase of the given
design’s sDA. More daylighting calculation results from
Sefaira and Licaso can be found in the table below., and
in the Images to the right.

DAYLIGHT AUTONOMY FOR THE
NORTHEAST FAÇADE

498.05
0.41

558.11
0.44

471.28
0.40

305.97
0.32

Solar Exterior Interior

U-Value
Solar (Winter)

Relative
Heat
SHGC
Gain

LSG

Visible

UV

Curtain Wall

91%

< 1%

79%

8%

8%

7%

0.95

203

0.83

1.1

Window

60%

6%

22%

12%

13%

40%

0.20

62

0.26

2.33

106.94
0.15

Reflectance
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BACKUP POWER


Capable of 1500kW, 1875kVA



Fueled by #2 diesel





Kohler 1500REOZDD Backup Generators (3)





Two generators and the microturbines
provide the “N” of the designed “N+1”
redundant emergency generation system, while the third acts as the “+1”





All three can provide 100% backup of the
Essential Electrical System



Subbase day tanks are provided for each
generator

Capable of 800kW and 1000kW respectively
Fueled by natural gas utility supply
Both microturbines complete the “N”
of the designed “N+1” redundant
emergency generation system
Continued operation during loss of
normal utility power allows one Kohler
generator to remain on standby, reducing generator diesel consumption

Capstone C800S/C1000S Microturbine

SCHEMATIC RISER DIAGRAM

*For the purpose of calculations, average CHP output was
assumed to be 70% of its available capacity

LIGHTNING PROTECTION

PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA

-6

ND = (NG x AD x CD x 10 ) potential events/year
NC = (1.5 x 10-3 / C) events/year
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Normal Power
A tri-service utility feed, along with a combined heat and power (CHP) system, supply the Children’s
Hospital with 480/277V power. The CHP system is suppled by natural gas, and outputs steam and electricity to the facility. Two normal power switchgear were required to break up the facility loads, due to
manufacturing limitations of main circuit breakers. The larger switchgear is configured as main-tie-main,
adding a layer of redundancy. Three medium voltage transformers owned by the hospital step down
utility voltage and feed the main switchgear through an underground duct bank.

CHP Failure
Loss of natural gas supply, or failure in the CHP system, will require the entire hospital to run off the
grid. Two electric chillers and two dual-fuel boilers will supplement the lost mechanical energy form the
CHP system. The dual-fuel boilers, when needed, will consumer natural gas if the utility fuel supply is interrupted. If not, the boilers can be supplemented with diesel fuel.

Loss of Normal Power
During an emergency situation where normal grid power is offline, the entire Children’s Hospital can be
powered by the CHP system paralleled with two Kohler generators. The diesel generators will be fueled
from a diesel storage tank located on the ground floor of the parking garage, while the CHP system continues operating on natural gas. One generator will remain on standby in the event natural gas supply is
interrupted, or a generator malfunctions. The Children’s Hospital can operate for 96 hours in this event,
with about 10,000 gallons of diesel remaining.

Loss of Normal Power and
Natural Gas
The worst case scenario for the Children’s Hospital is when both
grid power and natural gas are unavailable. In this event, the hospital is still able to operate due to the N+1 backup design. All
three diesel generators will be in operation, with enough diesel
fuel from the 30,000 gallon tank to run for 96 hours. With the
CHP system offline, the dual fuel boilers will require supply from
the diesel tank, reducing the available backup time to about 74
hours.
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1

2
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Symbols:
AUTOMATIC
TRANSFER
SWITCH

DRAWOUT
CIRCUIT
BREAKER

BUSWAY
3
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FUSEDDISCONNECT
SWITCH

CIRCUIT
BREAKER

STEP-DOWN
TRANSFORMER

ONE LINE DIAGRAM
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Note:
Not all lighting loads are shown on L5-LS1. Only areas described in the report and
shown on other drawings are included on
L5-LS-1. Back of house spaces will be
powered from a separate panel from the
277V normal branch.
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WIRING DIAGRAM

POWER SYMBOLS:

BRANCH CIRCUIT NOMENCLATURE:
XX-X-X
XX

LEVEL-BRANCH-PANEL NUMBER
MEDICAL BOOM JUNCTION BOX

CURCUIT NUMBER(S)

DUPLEX RECEPTACLE

FLOOR BOX

1
E-105

1

ELECTRICAL CLOSET LAYOUT
NOT TO SCALE
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MV TRANSFORMER: LIFE-CYCLE ANALYSIS

- 6000A emergency switchgear

- 6000A & 3000A switchgear

Emergency Electrical Space

- (3) 480V system automatic transfer
switches

Mechanical Space
- 800kW and 1000kW microturbines
Above: Life-Cycle analysis of owning the MV transformers
under the separate heat and power system.

- (2) 400 ton electric chillers
- (1) 400 ton electric chiller

Below: Life-Cycle analysis of owning the MV transformers
under the combined heat and power system.

Owning the MV transformers will result in a
16.3 year payback period
with a $166,078.06 profit
over an average lifetime
of 25 years.

Electrical Space

- (6) pumps

- (3) diesel generators

a
8.0 Years

16.3 Years

a

ENERGY COST ANALYSIS:
SEPARATE HEAT AND POWER VS COMBINED HEAT AND POWER

Central Plant Summary:
1.On-site generation is placed in one location for ease of maintenance
2.Adjacent main electrical room creates convenient routing of feeders to emergency distribution
system
3.Designed for future expandability if more equipment needs to be added
4.Generator room is located in an adjacent, 2-hour fire rated enclosure

*Min CHP contribution to facility demand assumed to be 800kW

PROJECT

Energy cost analysis of the combined heat and
power system resulted in an annual total

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

energy reduction of $594,497.54 from
the baseline separate heat and power system.
This 45.49% reduction in energy cost accounts for both electric and natural gas utilities. Savings come from the more efficient
CHP system, with its most efficient use coming from the summer the absorption chiller
can take advantage of the system.
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NORTHEAST FAÇADE LIGHTING ELEVATION
Detail of the Podium Lighting

The axonometric to the left shows how the
pixel mesh is integrated into the podium
façade. The pixel mesh is placed behind a piece
of frosted acrylic to create a uniform surface of
light and blend the individual points of light
together.

Night Rendering of the Northeast Façade

Detail of the Tower Lighting
The axonometric to the right shows how the
iGuzzini Trick fixture is mounted to the
mullions. The lighting effect of these fixtures
can be seen diagrammatically with the yellow
lines and realistically in the rendering below.
These fixtures are individually controlled and
turn each window bay into a pixel. With each
window bay being a pixel the option for a
dynamic façade is available.

Day Rendering of the Northeast Façade
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PATIENT ROOM ENTRANCE DETAIL

1’- 0”

0’- 2-3/4”

1’- 2”

0’- 4”

1’- 10”
1’- 10”

0’- 2”

Around the perimeter of the
building above all the patient
rooms is a 1’-10” wide cove
that is 1’ tall that houses fixture
type A. The bottom of the cove
is located 8’-0” above the floor,
and the rest of the ceiling is
located at 9’-0” above the floor.
The cove is made of gypsum,
while the ceiling is 2 x 2 ACT.
The location of fixture type A
can be seen in the detail to the
left.

recessed linear color changing
RGBW fixture. This fixture will
be recessed into the wall so
that the fixture is flush with the
wall and have a lower chance of
being broken. See the detail to
the left for dimensions and
placement.

Around the patient door is a

TEAM CENTER DESK DETAIL
Below is a section cut of the desk in the team
center. This section shows where the task light
has been integrated into the desk. This fixture
will increase the light levels at the task surface
if the medical team decides they would like
more light, but it can also produce enough blue
-rich light to stimulate the medical team early
in their shift and help with the regulation of
their circadian rhythms.

Type K

5/8” Acoustic Panels

PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA
SHEET TITLE

Typical Patient Floor RCP
AEI TEAM NO.

02-2018

NOT FOR CONSTRUCTION
DATE

SCALE

02/19/2018 NOT TO SCALE
DRAWING NO.

PAGE NO.

E-108 118

Fixture Schedule

EXAM

Project

AMBIENT

PICU PATIENT ROOM (C)

LIGHTING CALCULATION RESULTS

Luminaire

Type

Location

Quantity

Description

Manufacturer

Product

Product Number

Lamp

CCT

CRI

Input
Watts

Lumen
Output

A

Corridor

491’

Linear surface mounted tunable white cove fixture

Moda Light

Moda Mini Cove

MMCI-S-S1-S-DWH-4

LED

2200K6500K

97

19W

1674.4

277V

0-10V

B

Team Center
Family Waiting

248’

Linear recessed tunable white downlight with
mitered corners to create a square configuration

Finelite

HP-4

HP-4-R-FT-B-8TW-F-277V-SC-C1

LED

2700K6500K

80

4.6W/ft

479 lm/ft

277V

0-10V

C

Corridor
Lobby

29

Recessed round tunable white downlight with a 1”
regress, white flange

BeveLED 2.1

3024W-B1-S-10-LRTD4-9016-CSD16022KS-60-NC-277v-DIML6A-010VEML

LED

2200K6500K

80+

16W

825-1875
lm

277V

0-10V

USAI Lighting

BeveLED 2.1

3114W-B1-S-10-LSTD4-9032-CSD16022KS-80-NC-277V-DIML6A-010VEML

LED

2200K6500K

80+

32W

875-1975
lm

277V

0-10V

USAI Lighting

Voltage Dimming

D

Patient Room

148

Recessed square tunable white downlight with a 1”
regress, white flange

F

Patient Room
Family Waiting

384’

Surface mounted RGBW linear cove fixture

Lumenpulse

Lumencove 2.0

LCS2-277-FT-RGBW-CL-WH-DMX/
RDM

LED

RGBW

N/A

5W/ft

193 lm/ft

277V

0-10V

Focal Point

Apollo 8 LED

FMA8LR-84-RA-12000L940K-2100L935K-3C-277V-LH1-G-ECGT-WHA

LED

4000K
3500K

90

30-118W

210012000lm

277V

0-10V

G

Patient Room

54

Recessed linear fixture with integrated ambient,
exam, and reading components. Dimming
capabilities for ambient and reading components.
Fixture is sold in pairs and all information is for a
pair of the linear fixtures.

H

Corridor

25

Recessed grid 2x4 tunable white fixture

Kenall

Medmaster
MAC Series

MAC24-G-FA-45T-27/65K9-ATW-277
-IB-AC-LEL

LED

2700K6500K

92

45W

427610311lm

277V

0-10V

J

Team Center

16’

Linear tunable white indirect/direct pendant with
mitered corners to create a square configuration.

Finelite

HP-4

HP-4 ID-FT-B-8TW-F-277V-FA-DC-C1

LED

2700K6500K

80

10W/ft

1026 lm/ft

277V

0-10V

K

Team Center

128’

Linear surface mounted tunable white fixture
integrated into the desks I the team center.

Acolyte

AC3

RB-68-24-6.0-VW

LED

2400K6000K

92

6 W/FT

308LM/FT

24V

DMX

L

Family Waiting

10

3’ x 10’ surface mounted luminous panel that will
act as an interactive wall in the family waiting area.

Philips

Luminous
Textile

Contact Manufacturer

LED

N/A

N/A

5.1W/ft2

46lm/ft2

120V

N/A

M

Corridor

912’

Recessed linear color changing RGBW fixture with a
frosted lens.

Acolyte

W31

RB-68-24-4.4-RGB40

LED

4000K

N/A

4.4W/ft

287lm/ft

24V

N/A

EA

Façade

370

Surface mounted fixture that emits a narrow 360°
beam of light.

iGuzzini

LED

3000K

80

6W

105lm

277V

0-10V

EB

Façade

300

1’ x 2’ surface mounted RGB mesh with individually
addressable LED chips

Traxon

LED

RGB

N/A

98W

113lm

24V DC

N/A

Trick 360 Blade I.BU27-UNV-15-4549-0350-019-UNV
Effect
-ED10

Mesh RGB

AA558850055

Product
Image

TEAM CENTER (B)

DAY

Calculation Results
Space

Task

# of
Calculation
Points

Calculation
Point Spacing (ft)

Boundary
Offset (ft)

PICU Patient
Room

Examination

27

1

-

PICU Patient
Room

General

288

1

-

Family Waiting
Area

General
(Day)

63

2

0.25

Team Center

Work Station
(Day)

120

2

0.25

Team Center

Work Station
(Night)

120

2

0

Corridor

General (Day)

296

2

0.25

Illuminance Lighting Design Criteria
Space

NIGHT

PICU
Patient Room

Team
Center

Zone

Task

Recommended
Average (lux)

Family

Casual Chair

150

General

300 (150)

Examination

1000

Nightlight

2

Day

500

Night

300

Day

100

Night

50

Day

500

Night

300

Day

200

Night

100

Patient
(Intensive Care)

Work Station
General
Circulation

Corridor
Work Station
General
Circulation

Horizontal Illuminance

Fixture
Type

Fixture
Count

LLF

G

2

.85

D

5

.85

G

2

.85

D

5

.85

B

8

.85

J

4

0.85

B

12

0.85

J

4

0.1

B

12

0.72

A

127’

0.85

C

4

0.85

Calculations from Elumtools can be found above for some
of the calculated areas. These Calculations show how the
recommended lighting criteria was met for different tasks.
The first column is a top view of the calculation points. The

Requirement Check

Average
(lux)

Minimum
(lux)

Maximum
(lux)

Max/Min
Ratio

Coefficient of
Variation

LPD

Horizontal
Illuminance

LPD

1048

766

1287

1.68

0.15

0.905

PASS

FAIL

278

103

462

4.49

0.32

0.646

PASS

FAIL

339

176

461

2.6

0.2

0.66

PASS

PASS

576

198

912

4.6

0.33

0.8

PASS

PASS

301

78

420

5.4

0.29

0.8

PASS

PASS

52

12

101

8.8

0.33

0.40

PASS

PASS

The calculation results table above
shows the horizontal illuminance
values, LPD, and calculation
parameters for different spaces and
tasks. ANSI/IES RP-29-16 was used for
recommended lighting practices and
the recommended illuminance values
for a hospital. When looking at the
Lighting Power Density illuminance values,
(LPD) Design Criteria
the spaces were
Recommended
Space
designed for the
(W/ft )
<25, or the 25-65
Patient Room
0.62
Team Center
0.87
age categories
Corridor
0.89
depending on if the
Family Center
1.07
task was preformed
2

DAY

FAMILY WAITING (A)

Family
Waiting

Fixture
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not met in the patient room, but
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it was decided that our .01 W/sf was
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CONSTRUCTION EXECUTIVE SUMMARY
For the 2018 AEI Student Design Competition, Fusion worked as an multi-disciplinary team to create a center of wellness that adapts
to the changing needs of the Children’s Hospital and Medical Center community. Fusion worked in a collaborative manner between
all disciplines to deliver a final design which emphasizes the project goals of ADAPTABILITY, WELLNESS,, COMMUNITY,, and
INTEGRATION.. The construction design team addressed and resolved the project challenges through iterative design processes and
cross-discipline coordination.

PREFABRICATION FACTORY

SCHEDULE

COST

The construction design team
implemented the use of a
prefabrication factory. This factory
helped improve the constructability
of three major prefabricated units.
The prefabrication factory also
creates
a
worker-controlled
environment, with quality and safety
as a priority.

Fusion created a detailed schedule
to coordinate and plan the
construction of the Children’s
Hospital in relation to the existing
hospital. The schedule has a total
duration of 3 years and 10 months.

Fusion created a design that was not
only innovative, but also cost
effective. The systems selected by
Fusion met the needs of the owner
and allowed the construction design
team to stay within 0.2% of the
budget. Fusion’s Optimized Design is
estimated to be $290,429,000.

CENTRAL PLANT

FAÇADE

AUGER CAST-IN-PLACE PILES

Through integration between all
discipline teams, a central plant
was designed as an additional
structure on to the new Children’s
Hospital. The construction design
team found the value added by the
ease of facility management of the
MEP system.

Prefabricated units for the façade
were designed and estimated by the
construction design team. The
prefabricated façade units allows for
the
improved
constructability
through the tongue and groove
system and faster installation times
of the façade in the field.

The construction and structural
design teams collaborated in order
to determine the most cost effective
and constructible deep foundation
system. The Children’s Hospital’s soil
requirements led to the choice of
auger cast-in-place piles to improve
constructability in the field.
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This team of multi-disciplinary specialists believes that
innovation requires integration of individual ideas in
order to form a solution that meets the goals and needs
of the owner. The construction design team has aimed to
utilize prefabrication throughout the design of the
Children’s Hospital. These prefabrication methods
require intense cross disciplinary design in order to be
successful, which Fusion has achieved.

10.0 Schedule
11.0 End User Experience

Adaptability for a Better Future

12.0 Sustainable Construction

Fusion recognizes the demand on hospitals to continually
update and be an innovative place for research and care.
The construction design team has addressed the
Children’s Hospital’s need for flexibility through thorough
design of the systems, especially in the plenum spaces.
The goal of the construction design team is to allow for
future expansion within the space Fusion has designed
for this project.

13.0 Disaster Planning During Construction
14.0 Lessons Learned
15.0 Conclusion

1.0 Project Introduction
The Children’s Hospital and Medical Center is a proposed
pediatric and neonatal care center addition to the
medical campus in Omaha, Nebraska. It is a 390,000 SF
addition to the hospital, including a subgrade level, three
-story podium, six story tower, and roof helipad. The
hospital addition faces US Route 6, a major east-west
road in Omaha. The addition is situated in-between the
existing Children’s Hospital and the Specialty Pediatric
Hospital and, for the purposes of the competition
project, does not connect to these existing buildings.
Fusion has worked to design a solution that works hand
in hand with the goals of the medical staff, the patients,
and their families to provide world-class pediatric care to
the community of Omaha.

2.0 Team Mission
Through a collaborative team dynamic, Fusion delivered
a state of the art medical center in line with the
Children’s Hospital and Medical Center’s mission. The
building facilitates exceptional clinical care to improve
the life of every child. With a multi-disciplinary and
integrative approach, the Team created a center of
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Wellness with a Focus on Occupant Experience
To meet the goal of the hospital, which is to improve the
life of every child through exceptional clinical care,
Fusion designed a solution to enhance the experience of
the occupants. The construction design team has aimed
to minimize disturbances to the existing hospital while
under construction through use of Infection Control Risk
Assessment (ICRA) procedures. Through design choices
and various construction techniques, the construction
design team has reduced vibrations and noise impacting
the existing hospital.

Community for the Support of the Hospital Staff
Fusion recognizes the impact that construction can have
on the surrounding community. The construction design
team aimed to lower the disruptions to the community
by keeping them involved throughout the duration of
construction. By setting a goal of keeping construction
under a four year duration, the design had to meet
certain criteria to become more efficient for
construction. The construction design team utilized a
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safety plan not only on site, but in the existing hospital as
well. This ensured the safety and protection of the
surrounding community.

4.0 Integrated Design Management
Fusion operates under a Design-Build Joint Venture with
Design-Assist delivery method on the Children’s Hospital
with a Guaranteed Maximum Price (GMP) contract.
Through this contractual method the Owner has a single
contract with the Team and the construction design
team, Fusion, creating the Joint Venture. Engineers,
subcontractors, MEP partners, and other consultants
then hold a contract with Fusion. The GMP contract
allows for all parties to strive to complete a successful
project under budget. There is a savings clause included
in the contract, which would split the savings evenly
between all parties involved. This contractual method
can be seen in Figure 1. More information on Fusion’s
integrated design management can be found in
Construction SD-B.

provided by the trade partners. Allowing for consultants
to have a seat at the table earlier on also helps Fusion be
successful in their choices for prefabrication, which more
information can be found in Sec. 6.0. There is increased
communication,
which
allows
for
improved
constructability and coordination for the design. Fusion
utilizes Design-Build Joint Venture with Design-Assist,
which motivates integration between the main design
teams. Based on the geographical location of our project,
this contractual method is something familiar, yet it
pushes the limits to have design teams try something
more integrative and innovative. The Design-Build Joint
Venture with Design-Assist delivery method is evident
through the Team’s methods of collaborating, which
include the utilization of spaces, decision matrices, pull
planning, collaboration hours, and design choices.

4.1 Collaboration Spaces
Fusion works in two integrative areas: the design space
and the mock-up space. These rooms inspire teamwork
and communication throughout the design and
construction phases. These two spaces allows Fusion to
work within their individual disciplines, but also come
together as a team.

4.1.1 Design Space

Figure 1: Delivery method

This method optimizes communication throughout both
design and construction phases of the project. DesignBuild Joint Venture with Design-Assist depends on the
involvement in early design stages of the project and
critical feedback from the Joint Venture partners, the
engineers, and the MEP trade partners. This results in a
streamlined construction process and minimizes change
orders and requests for information (RFIs) during
construction. The Design-Assist allows for a greater
accuracy in providing an estimate since the costs are
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The most utilized room by Fusion is the BIM Room. The
design space is approximately 800 square feet that
consists of individual work stations as well as a
conference area laid out to Fusion’s preference. It has
been recently upgraded with new technology, making
team meetings and presentations easy to accommodate.
This space allows for an efficient line of communication.
This, along with the Joint Venture, minimizes the need
for change orders and lengthy RFIs. The impact of this
space causes internal integration throughout the design
and construction process. Working in the personalized
design space assists Fusion in reaching their goals, since
the Team is familiar with their surroundings and work
tools. For more information on the work tools used by
Fusion, see Construction SD-A.

4.1.2 Mock-Up Space
Prior to starting design on the Children’s Hospital, Fusion
came together and created a BIM Execution Plan. This
plan was utilized to help determine how to move
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Figure 2: Construction decision matrix

information from the model to virtual reality mock-ups.
More information on the BIM Execution Plan can be
found in Construction SD-D. The second integrative area
Fusion uses is the mock-up space. The Team was able to
convert their ideas into simple full scale design mock-ups
and virtual models, enabling them to make decisions
based on aesthetics and patient experience. The simple
full scale design mock-ups allow for Fusion to better
understand the physical layout of a specific space, for
example one patient room, while the virtual models
allow Fusion to focus on finishes and overall spatial
relationships between rooms.
Virtual reality mock-ups allow
for prototyping of spaces, which
creates an opportunity for quick
changes to be implemented and
reviewed by Fusion. For more
details on how Fusion utilized
this space, see the Integration
Report Sec. 6.2. The two spaces
can be seen in Figure 3.

4.3 Decision Matrix

Adaptability, Wellness, Community, and Integration. The
Team created sub-goals for the four main goals, showing
the factors that enhance and rule their design choices.
These sub-goals are weighted based on importance to all
disciplines. Whenever a new design iteration is
proposed, Fusion comes together and inputs the design
iteration through the matrix. This yields a final point
score, showing the Team which design option maximizes
return on their project scope goals and sub-goals. For
example, the construction design team brought forth
two options for the plenum space construction:
prefabricated
overhead
racks, or non-prefabricated
overhead
racks.
After
comparing both to the scope
goals
and
sub-goals,
prefabricated racks had the
advantage due to its
strengths for Adaptability
and Integration. See Figure 2
for more information on this
example. For a more in
depth explanation of the
decision matrix process,
reference Construction SD-A.
Figure 3: Integrative design spaces

In order to maximize the design
decisions by Fusion, a
decision-making
methodology via a matrix was put in place. The decision
matrix considers the four project scope goals:
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4.4 Pull Planning
From the beginning, Fusion utilized a pull planning
system throughout the design phases. Trello, an online
organizational system, allowed for the pull planning
schedule to be provided to all team members in a digital
format. The pull planning board is updated weekly during
a pull planning session with all discipline teams. This
schedule allows Fusion to integrate tasks between
designers, creating opportunities to collaborate, which is
very beneficial. The discipline teams were designated a
colored label to add their items onto the pull planning
board. Due dates could be easily added onto each task,
along with checklists and any necessary notes. Having
the board in the design space reminds designers of the
deadlines they hold and commitments that must be met.
This can pose challenges for the designers because they
have to estimate how long each of their tasks may take,
which can be updated as needed. An example of Fusion’s
pull plan is seen in Figure 4.

of Fusion come together to address challenges or
concerns that occurred during day-to-day operations.
Some of the sessions are then designated to further
develop points of integration within the design. For
example, the façade design requires many design
sessions throughout the evolution of the architecture
and engineering behind the design. The Design-Build
Joint Venture with Design-Assist delivery method
facilitates the collaboration hours and design sessions
due to the necessity of integration and communication.

5.0 Site Analysis
One of Fusion’s project scope goals is Community. A step
to achieving this goal was to understand the site and
surroundings to where the Children’s Hospital is going to
be built. The Children’s Hospital is located at 8200 Dodge
Street, Omaha, Nebraska. This project is being built on
the existing medical campus. The 390,000 SF hospital will
consist of one sub-grade level, a three-story podium, and
a six-story tower. The Children’s Hospital will consist of
160 beds for Fetal Care, NICU, PICU, cardiac, and
hematology patients.

5.1 Existing Conditions
It was vital for Fusion to analyze the existing conditions
before starting design on the Children’s Hospital. The
medical campus is bounded by three roads, the most
adjacent of which is US Route 6, also known as West
Dodge Road. This road consists of three lanes of traffic
each way, traveling at approximately 40 mph. Directly
north and east of the medical campus is a collection of
shops and restaurants. The Methodist Hospital campus is
located directly south of the Children’s Hospital, and to
the east is commercial and residential, seen in Figure 5.
Figure 4: Overview of Trello interface

4.5 Collaboration Hours
To facilitate more teamwork, Fusion designated each
discipline team and their members to hold collaboration
hours throughout the week. Collaboration hours are
when disciplines are mandated to be in the BIM Room
and are accessible to collaborate on designs and make
critical decisions objectively and efficiently. These hours
are held in addition to the design sessions attended by all
team members. Design sessions are when all members

AEI TEAM 02-2018

Figure 5: Existing conditions
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The construction design team must be aware and
considerate of those neighboring the site when creating
site logistics and phasing plans in order to minimize
disruptions to their places of business and residences.
Another main source of concern was the current
Children’s Hospital, which is currently operating and will
continue to operate during construction. See Drawing C110 for construction procedures.

prevent disruptions in the community. Figure 7 depicts
the site logistics for Phase 2. The detailed explanation
and plans can be found in Drawing C-101.

5.2 Zoning
The Children’s Hospital is located in Douglas County,
Nebraska. According to the City of Omaha Planning
Department’s Future Land Use graphic, the hospital is
zoned for office commercial use and is surrounded by
civic, low density residential, and high density
residential. The Future Land Use graphic can be seen in
Figure 6. According to an Omaha code official, hospitals
are allowed to be zoned under office commercial use,
and do not necessarily need to be placed under civic use.
The provided design of the Children’s Hospital meets the
2009 International Building Code and Douglas County’s
Code of Ordinances.

Figure 7: Site Logistics, Phase 2

5.3.1 Innovative Site Office/Storage
Through the local area research, land for lease was
found directly across US Route 6 from the construction
site. The land available is 0.78 acres and costs $70,000
per year to lease, which is accounted for in General
Conditions. This area is planned to be used for laydown
space and office trailers throughout the duration of the
project. There is minimal area for laydown on site,
forcing the construction design team to find an alternate
space for office trailers and storage. During the project, a
path and plan is in place to transport the materials safely
across US Route 6. Deliveries from the laydown area to
the site will be planned in a just-in-time method in order
to keep the construction site clean and organized.

Courtesy of City of Omaha Planning Department

Figure 6: Future Land Use Map of Site

5.3 Site Logistics
To execute the site that is designated for construction,
the construction design team developed logistic plans.
As the site progresses, logistics needed to evolve with
the changing of the space. Fusion has done research to
explore the best ways to get material and construction
vehicles on and off the site safely and efficiently while
the building is being constructed. Fusion determined
four main phases of construction that control the
logistical plans to effectively maintain the workflow and
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5.3.2 Traffic Pattern Changes
The Children’s Hospital is placed on a tight site, leaving
little room for laydown outside of the building’s
footprint. With minimal laydown area, it is difficult to
have enough materials to keep the schedule on track.
After researching traffic patterns and counts, the
construction design team chose to relocate traffic
patterns to be set back from the site. In order to further
limit any traffic buildup due to construction, the
concrete curb separating the east and west bound traffic
of US Route 6 will be demolished and be paved as a new
eastbound lane for traffic. This will allow for westbound
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traffic to continue within their original lanes, and
designate the new lane to be utilized for eastbound
traffic. The cost of demolishing and repaving the new
lane for traffic is approximately $55,600 included in
General Conditions. This decision is based on spatial
needs of the site and safety concerns for travelers
commuting via US Route 6. This allows for traffic to
consistently flow as it did prior to construction and
accommodates Fusion’s deliveries and crane path.

5.3.3 Mobile Crane

extra challenge to ensure safety procedures are above
the normal standard. This caused the construction
design team to carefully design and execute safe logistic
plans, so that everything is accounted for early on. Every
member of Fusion will be thoroughly reviewing the plans
in terms of safety and constructability, so that nothing is
missed once construction begins. Every worker is
required to be trained on Fusion’s safety policies that
exceed Occupational Safety and Health Administration
(OSHA) laws and regulations and ICRA policies. Fusion’s
zero tolerance policy is in place
to provide control over safety on
the site.

The best crane option for the
Children’s Hospital is a TEREX
AMERICAN HC 165, which is a
Safety procedures need to be
mobile hydraulic crawler crane.
executed within the functioning
A graphical representation of
hospital as well, so that the
this crane is seen in Figure 8.
occupants know of the latest
With very limited site access and
plans. Whether it is a change to
space, the mobile crane allows
the pedestrian traffic patterns or
for flexibility throughout the
ways to evacuate the building,
entire course of construction.
the construction design team is
The tight site led the
responsible for making sure
construction design team to the
everyone receives the knowledge
idea to phase construction in
to make safe decisions. Before
order to allow for a section of
new types of work begin, Fusion
the podium to be completed
Figure 8: Crane
mandates all parties involved
last. More information about the
participate in an educational session run by Fusion. This
phasing of the construction can be found in Drawing Cis a preventative method to keep workers up-to-date
101. The crane has access to move along US Route 6
and aware of the safety standards required by them.
while the steel for the podium and tower is being
The construction design team will monitor the site with
erected. The crane has a radius of 240’ and due to its
daily walks by every member of the team to reduce risks.
mobility, it can reach the entirety of the site and keep
For more information on safety procedures and hazards,
space open for other uses. Phasing is crucial to keep
see Drawing C-110.
everything running smoothly with this type of logistics
5.4.1 Safety Information and Signage
plan. More information about the crane, its path, and
the critical pick can be found in Drawing C-105.
A method to enhance safety in the existing hospital is
adding kiosks to inform people in the Children’s Hospital:
5.4 Site Safety
Fusion’s site safety goal is to maintain a zero tolerance
work environment throughout the entire construction
duration, which states once a site rule is broken, the
worker is banned from returning to the site. More
information about the site rules can be found in Drawing
C-110. As mentioned before, the Children’s Hospital is
surrounded by a fully operating hospital. This adds an
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They cannot use certain entrances and exits



Where to go as their closest alternative exit



When the entrances and exits will be open again

The kiosks also provide a general hospital map and
construction updates.
To address the patients in the existing hospital unable to

CONSTRUCTION SUBMITTAL 127

leave their hospital beds, Fusion will create an
informational video for each phase of the construction
process. This will keep patients informed and up-to-date
at all times in case of an emergency. The video will also
be used to play on the kiosks and on waiting room
televisions.
The construction design team will coordinate a staff
meeting at the Children’s Hospital approximately once a
month to inform the entire hospital staff of updates to
the building and evacuation plans for their patients. The
hospital staff plays a vital role in ensuring that safety
procedures
are
implemented in the
existing hospital, so
making sure they
are
the
first
informed is crucial.
Fusion will to put up
signage
in
the
operating hospital
to ensure people
are aware of where
Figure 9: Safety kiosks
they are headed.
Specifically, if they are headed towards an entrance/exit
that is temporarily closed due to construction, they can
be given advance notice prior to walking there. This is
depicted in Figure 9. The construction site doesn’t
interfere with many egress paths of the existing hospital,
but directions to alternative means of egress will be put
in place for the ones that needs to be closed.

in place to help give the crane ease of access to all parts
of the hospital, allowing for quicker steel erection. For
more on the structural steel design, please refer to
Structural Report Sec. 6.0.
The structural framing phasing of the project sets the
tone for the duration of construction. After the structural
framing is completed, there are only five phases for the
Children’s Hospital. These phases are similar to the
structural phases, but they are no longer split in halves
from west to east. For example, Phase 1A and 1B are
merged together to form Phase 1. The phasing causes
the subcontractors to move through the building floor by
floor, causing overlaps in different types of work
throughout the construction process. These overlaps
allow for the overall schedule duration to decrease.
Work flows from bottom to top and west to east on each
floor of the building, creating a clear pattern of work that
becomes easily repeatable for the trades. This
opportunity lends itself to Matrix Scheduling, which
more information can be found in Sec. 10.1.

5.5 Phasing
To phase the Children’s Hospital, the structure of the
building was first divided into nine phases for steel
erection. The structure division was based off of column
splices, bay size, and bay orientation. The divisions for
the phases split the podium into approximate thirds and
the tower into approximate halves from north to south.
Both the podium and the tower are also split into halves
from west to east. Vertically, the phase division occurs at
Level 3. These phases are labeled 1A, 1B, 2A, 2B,…, 5A.
For a graphical breakdown of the nine phases, see Figure
10. The final phase of the structural framing consists of
the eastern third of the podium. This arrangement is set
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Figure 10: Steel sequencing

6.0 Prefabrication Strategy
In order to allow for a safer and greater quality of
fabrication, the construction design team will implement
use of a prefabrication factory for 12 months during
construction. The prefabrication factory is located in
Omaha, 7.9 miles southwest of the construction site, as
seen in Figure 11. The factory will have a total cost of
$345,000. This added cost grants a higher productivity
rate, a worker controlled environment, and a faster and
simpler installation in the field. This helps achieves the
construction design team’s goal of a zero tolerance work
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environment and protects the community of workers
connected to the Children’s Hospital project. More
information about this cost break down and how the
prefabrication factory is laid out can be found in Drawing
C-104.

Figure 11: Map to prefabrication factory from site

6.1 Patient Bathroom Pods
A main focus for modularized
prefabrication at the Children’s
Hospital will be the patient
bathrooms. These bathroom
pods will be fully fabricated in
the prefabrication factory. Each
bathroom requires integration
of multiple CSI Master Format
Divisions, including but not
limited to: concrete, thermal
and
moisture
protection,
openings,
finishes,
fire
suppression,
plumbing,
Figure 12: Bathroom pod
heating,
ventilating,
air
conditioning, and electrical wiring. The prefabricated
bathroom pods will be bought into the patient room,
placed into the 2” slab depression, grouted into place,
then gypsum board is installed on the exterior. A graphic
of the prefabricated pod can be seen in Figure 12.
The prefabrication factory will have a specific layout for
the fabrication of the modularized bathroom pods. This
layout will optimize efficiency of coordination between
the trades, while also emphasizing the importance of
safety. Reference Drawing C-105 to see a more in depth
look at the prefabricated bathroom pod.
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6.2 Overhead Racks
Another modularized prefabrication method that will
occur in the prefabrication factory are plenum space
racks containing mechanical, electrical, cable trays, and
medical components. The racks were coordinated
between all discipline teams early in the design process
to provide maximum integration. After initial designs, the
construction design team inputted the model into
Navisworks Manage to determine any clashes between
systems. Because there were clashes found in the
original design, Fusion had to redesign the plenum space
to create the final Optimized Design. Clash detection
reports and a Navisworks model can be found in
Construction SD-C and Construction SD-D. Through the
integrated design, the racks minimize the amount of
plenum space utilized by all of the components. The
prefabrication factory will have a designated space to
construct the racks efficiently. By prefabricating the
racks, the construction design team decreases the
amount of labor in the field, due to simple installation
containing all components. Reference Drawing C-105 to
see a more in depth look at the
prefabricated overhead racks.

6.3 Façade
A double skin façade is executed on the
North, Northeast, Southeast, and part
of the West sides of the Children’s
Hospital tower. The façade will be
broken into two separate prefabricated
units. The first unit will be composed of
the structure connecting the exterior
layer to the interior layer of the façade.
Once this detail is fabricated, it
Figure 13: Façade unit
will be attached to the structural
steel. The structural details and more information about
the connection can be found in Structural Report Sec.
10.2. The second prefabricated unit will consist of the
curtain wall system that makes up the exterior layer of
the façade. The units will be 8’ wide by 14’ tall, and
approximately 265 units are needed to complete the
exterior layer. These units are connected in the field via a
tongue and groove system. See Figure 13 for a more
detailed look on the façade unit. The cost of the
prefabricated curtain wall for Fusion’s Optimized Design
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is $129.10 per SF. For more information on the façade
prefabricated unit, see Drawing C-105.

6.4 Benefits of Prefabrication
The prefabrication factory benefits the schedule duration
for the Children’s Hospital. Due to the large quantity of
material that will be prefabricated for this project, having
a prefabrication factory yields many benefits. A
prefabrication map of a general floor can be seen in
Drawing C-104. This map will be utilized to determine
which areas of each floor can be prefabricated. One of
the benefits will be an accelerated schedule due to
minimized shipping times. Materials will be assembled at
the factory and can be delivered on site when ready to
be installed. These prefabricated materials will also
require less time to be installed in the field, since the
bulk of the work will be completed in the factory.
Another benefit of the prefabrication factory is the
decrease in safety hazards on site. The factory provides a
controlled environment that allows workers to complete
work in an ergonomic fashion.

7.0 Construction Design Reviews
Local medical professionals informed Fusion of the ease
of patient care with a boom system. The booms allow for
more flexibility within each patient room and gives direct
access to all critical care features. With this information,
Fusion has replaced the headwall system with the boom
system. The boom system eases the labor requirements
since it is prefabricated and installed when the room is
near completion. The original headwall design would
require many inspections through Code administration,
Permitting, Inspections, and Occupational licensing of
Omaha Nebraska, which would delay completion of wall
construction in the patient rooms. The boom system will
also allow for prefabricated overhead racks as they are
consistent in location, shape, size, and what they entail.
Even though the boom system costs $17,000 more than
the original headwall design per room, the benefits are
ease of construction and savings of time and labor
through the use of prefabricated racks.
Fusion relocated the patient bathroom entrance, more
information about the bathroom design change can be
found in Integration Report Sec. 9.1. A more stringent
privacy wall is required to maintain Health Insurance

AEI TEAM 02-2018

Portability and Accountability Act (HIPAA) and acoustical
comfort because of this change. There are three typical
wall assemblies in each patient room. An explanation of
these wall assemblies can be found in the Mechanical
Report Sec. 11.0. Wall assembly #1 has the lowest Sound
Transmission Class (STC) value of 39 and costs $2.17/SF.
Wall assembly #2 has a STC value of 49 and costs $2.72/
SF. Wall assembly #3 has the highest STC value of 55 and
costs $4.36/SF. More information can be found in
Drawing C-103.

8.0 Constructability
During design, Fusion focused on constructability within
all of the disciplines, in order to aid in construction. The
construction design team has focused on the steel
structure, the patient rooms, and the mechanical room
to provide a more in depth analysis for this report. The
construction design team decided to implement
prefabrication whenever possible in order to maintain a
safe work environment.

8.1 Foundations
Fusion went through two foundation iterations before
implementing auger cast-in-place piles as their deep
foundation system. The first iteration of design consisted
of 3’, 4’, and 6’ drilled piers based on the
recommendation from the geotechnical report. This
system ended up being not feasible due to its high cost
of $7,387,000 and the constructability challenges this
system would have caused. The drilled piers would
require inspections to the bottom of the 85’ and 107’
piers. This, along with the high water table, caused
Fusion to investigate another iteration for the
foundations. Another deep foundation system Fusion
considered was Geopiers. After speaking with design
professionals, Fusion determined early on that the soil
on site was not suitable to meet all load requirements of
the Geopiers. Fusion decided to move forward with the
second and final design: auger cast-in-place piles. The
soil conditions on site allow for ease of construction for
the 24” piles. With little soil needing to be displaced,
compared to the drilled pier system, the high water table
causes minimal constructability impacts. The cost of this
system is $4,607,000, saving $2,780,000 compared to
drilled piers system. The schedule increase is another

CONSTRUCTION SUBMITTAL 130

benefit between the drilled pier system and auger castin-place piles system. There is a 67 day schedule savings
difference from switching to auger cast-in-place piles
system. This system benefits the structural design team
since the piles bear on the bedrock and limits differential
settlement. For a more in depth description of the auger
cast-in-place design, see Structural Report Sec. 9.1.

8.2 Steel
The choice of having a steel structure has a positive
impact on constructability. The construction design team
determined that the cost increase associated with a steel
structure rather than a concrete structure would be
outweighed by the benefits in the field. The total cost of
the structural steel design is $17,083,000, whereas the
cost of the structural concrete design is $10,200,000.
More information about the benefits of the steel design
can be found in the Structural Report Sec. 6.3. The steel
structure will allow for a 40 day faster schedule than a
concrete structure. This is beneficial for the schedule
due to the fact that the structural steel is along the
critical path. The General Conditions cost will be lower
because of the decrease in schedule due to the choice of
steel.

8.3 Patient Room
Throughout the patient room, the ceiling heights were
adjusted. The reason for this design change can be found
in the Integration Report Sec. 9.1. As shown in Figure 14,
there will be a drop ceiling above the patient bed. This
soffit is at a height of nine feet above the floor. The soffit
ends in a 90° angle and the ceiling raises up to 11’ in the
external portion of the room. This drop ceiling is
constructed of 2’ x 2’ acoustical ceiling tile (ACT). The
ACT allows for easier access to the mechanical,
electrical, and medical gases for maintenance purposes.
Compared with the original design, it will take one
additional hour to complete the labor per soffit. The
total cost considering labor and material for all patient
rooms is $24,900. This cost tradeoff is outweighed by
the benefits gained by limited use of access panels in
ACT tile. This soffit ceiling supports Fusion’s main project
goal of Adaptability, allowing the Children’s Hospital
room for future expansions due to the extra plenum
space provided in this design.
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Figure 14: Ceiling height location

Another point of constructability in the patient room is
the bathroom. Once the prefabricated bathroom pods
are completed, they will be relocated to the Children's
Hospital site as required. This relocation will occur by a
flatbed tractor trailer two units at a time. Once on the
Children’s Hospital site, the pods are placed and secured
on an aerial platform and lifted by crane to the
designated room. The bathroom pods are removed from
the platform using a pallet jack, placed in the center of
the room, then relocated to the slab depression, grouted
into place, and then gypsum board is installed.

8.4 Mechanical Room
The mechanical room has been relocated from Level 7 to
Level 2. This change allows for a more centralized
mechanical room. Reference Integration Report Sec. 7.1
for more information on the floor relocations. One
benefit of the relocated mechanical room is that the
duct runs will be shortened, and the ducts will also be
smaller. This alone decreased cost put into the
mechanical system by $30,400. A second benefit is that
the lower floor will allow for large equipment to be
placed and connected three to four weeks sooner than
then original design. With this, the floor will also be
closed in earlier on in the project schedule, allowing for
the space to be conditioned earlier for specific interior
work to be completed. Another benefit of this
centralized mechanical room is ease of maintenance
throughout the lifecycle of the building, which more
information on this can be found in the Mechanical
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Report Sec. 8.2. The lowered floor of the mechanical
room now allows for large equipment to be replaced
easier via a crane and removable wall panels. These
removable wall panels allow for the room to stay
protected during typical use, but creates an opportunity
for the facility managers to service and operate
equipment as necessary.

into multiple packages:

8.5 Façade
The interior layer of the double skin façade is comprised
of 22 gauge insulated metal panels and 1” laminated
insulated glass units (IGU). Integration Report Sec. 7.2.1
provides more information on the double skin façade.
The metal panels are bolted into place using an
articulating boom lift. The glazing is installed using
anchor points, which are attached to the mobile crane
and lifted in place.
The double skin façade will require more labor due to
the extra layer of glass that will need to be installed. In
order to offset this, the exterior layer of the façade will
be prefabricated and installed at night. Due to the fact
that the double skin façade sits on the North, Northeast,
Southeast, and part of the West sides of the new tower,
there is a physical barrier between the operating hospital
and construction. This barrier also allows for minimized
disturbances due to light and noise during night
construction.
Once the prefabricated units of the exterior layer of the
double skin façade are completed, they are then
transported to the Children’s Hospital site via a flatbed
tractor trailer. The flatbed tractor trailer will
transport eight units to site each night to
meet the productivity requirements. Each
individual unit will contain two anchor points
to which the crane will be able to attach and
lift into place. With one prefabricated unit
installed per hour, this would have an overall
duration of 34 nights. While this duration is
crucial for sequencing, it is not an item along
Fusion’s critical path schedule due to work
occurring at night.



Baseline Design —$290.0 million ($743.59/SF)



Fusion’s Optimized Design—$290.4 million ($744.69/
SF)



Disaster Enclosure add alternate—$298.1 million
($764.33/SF)



Smart Building
($767.64/SF)

add

alternate—$299.4

million

These packages help differentiate between what the
building requires and what is suggested. More
information on how the packages are broken up, along
with fees and items included, can be found in Drawing C102.

9.1 Budget Tracking
The owners of the Children’s Hospital provided a budget
of $290 million, requesting add alternates to be
completed for the challenges. Fusion originally created a
baseline cost from RSMeans Assemblies Cost Data 2017.
This breakdown is based off an average hospital of
similar size to the Children’s Hospital. The construction
design team then estimated the first design, which gave
a cost of $306,652,000. With this, Fusion redesigned
various systems in order to provide a design that meets
all needs of the hospital. The budget for the Optimized
Design is $290,429,000, which keeps the estimate within
0.2% over the baseline budget. A bar chart depicts the
budget tracking in Figure 15.

9.0 Cost Management
Fusion’s cost management is broken down
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Figure 15: Budget tracking
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9.2 Cost Breakdown Structure
Uniformat II is utilized as the cost organization method,
which allows for a breakdown in seven different cost
categories, as seen in Table 1. The construction design
team reached level two estimates for each subsection in
Uniformat II. The construction design team chose to
focus on Substructure, Superstructure, Exterior
Enclosure, HVAC, and Electrical for level three estimates.
A further breakdown of these detailed estimates can be
found on Drawing C-102.
Table 1: Fusion’s Optimized Design
Breakdown

Cost

Percentage

$5,988,000

2.1 %

B10 Superstructure

$19,180,000

6.6 %

B20 Exterior Enclosure

$10,036,000

3.5 %

B30 Roofing

$1,065,000

0.4 %

C. Interiors

$38,954,000

13.4 %

D10 Conveying

$4,494,000

1.5 %

D20 Plumbing

$21,968,000

7.6 %

D30 HVAC

$49,930,000

17.2 %

D40 Fire Protection

$3,830,000

1.3 %

D50 Electrical

$33,294,000

11.5 %

E. Equipment & Furnishings

$27,600,000

9.5 %

$0

-%

$286,000

0.1 %

GC & Fees

$73,804,000

25.5 %

Total

$290,429,000

A. Substructure
B. Shell

D. Services

F. Special Construction
G. Building Sitework

9.3 Add Alternates
The Children’s Hospital provided three challenges for
Fusion to complete. Each add alternate addresses a
solution to each proposed challenge.
The first add alternate is Disaster Enclosure, which is a
$15,750,000 enclosure. This add alternate has an
increased cost difference of $5,714,000 compared to
Fusion’s Optimized Design. This add alternate consists of
an enclosure designed to be impact resistant and
withstand forces up to 250 mph. See Structural Report
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Sec. 10.1 for more information on the enclosure
assemblies. This enclosure gives patients and visiting
family members the benefit of sheltering in place if they
are immobile during an emergency.
The second add alternate is Smart Building, which totals
$6,269,000. This add alternate will bring an additional
cost, along with value to the design. Overall, the added
value for the patients, the medical staff, and the facility
mangers greatly offsets the additional cost difference.

9.4 Life-Cycle Analysis
Through Fusion’s integrated mechanical and electrical
design with a combined heat and power system (CHP),
there are two life-cycle analyses to consider. Considering
the investment and yearly saving for the CHP system, the
owner will begin making a profit in 12.6 years. The
second life-cycle analysis is for purchasing medium
voltage transformers and receiving a discount for the
utility company of 3%. The payback period is 16.3 years,
see Drawing E-106 for calculations. More information on
the life-cycle analysis can be found on Drawing C-102.

10.0 Schedule
The overall construction schedule duration is 3 years and
10 months, with construction beginning in January 2018
and ending October 2021. A milestone schedule for the
Children’s Hospital project can be found in Drawing C106. The detailed schedule outlines the critical path and
key activities during construction, and can be found on
Drawing C-107 and Drawing C-108. Fusion has set a goal
to keep the mechanical and electrical start-up of
equipment off the critical path due to quality control
needed during installation. The construction design team
has achieved their goal of having float time allowanced
in their schedule to accommodate a very complex
mechanical and electrical system. This float time was
achieved through early construction of the central plant
housing these critical systems. The critical path
determines the most important items during
construction that must adhere to the schedule in order
to avoid delays and added cost.

10.1 Matrix Schedule
Due to the complexity of the project and the repetitive
units, Fusion utilized a matrix schedule for portions of
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Phase 1
Phase 2
Phase 3
Phase 4

Install & Connect Overhead Racks
Sprinkler & Plumbing Rough-In
Wall Framing & Rough-In
Wall Inspection & Install Gypsum Board Figure 16: Matrix schedule for one level

the interior work on each tower level. A matrix schedule
allows for a floor plan to be divided into areas and
specific types of work to be applied to these areas. The
work moves simultaneously throughout the floor,
creating a parade of trades through the areas. Fusion
focused on four specific activities for the matrix
schedule, as seen in Figure 16. Each activity is planned to
take 1.5 weeks, allowing one floor to have these four
activities completed in nine weeks. For the completion of
these four activities on all patient room tower levels, the
duration is approximately 27 weeks. This productivity
rate may vary at the beginning of the matrix schedule,
due to workers growing accustomed to the repetitive
pattern and fast-paced work. As the workers move
through the areas, they are able to complete the work at
the required schedule pace. In order to keep productivity
at a higher rate, Fusion will reward the workers with a
meal or other prizes. An example of a prize would be
providing all workers with a safety colored t-shirt that
has the project logo on its front. These rewards allow the
workers from multiple trades to come together and
celebrate the progress they are making. More
information for the Matrix Schedule implementation can
be found in Drawing C-109.

11.0 End User Experience
With Wellness being one of Fusion’s main project goals,
the Team approached the Children’s Hospital with the
end user experience in the forefront of their minds.
Fusion has focused on the patient, medical staff, and
facility management experiences when making design
choices. Facility management focuses on integrating the
hospital operations into a centralized control system. By
providing a well implemented facility management
program, the efficiency of running the hospital is vastly
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improved upon. The number of man-hours required to
operate the hospital will be decreased, therefore
decreasing operating costs. For further explanation of
Smart Building Technology implemented into the
Children’s Hospital, see the Integration Report Sec. 10.3.

11.1 Transition Planning
Fusion recognizes the importance of efficient turnover of
the Children’s Hospital to the owner. The construction
design team has decided to utilize the PlanGrid
Construction Software in order to successfully complete
punch list items. This application allows for ease of
communications between the owner, the architect, the
construction manager, and the subcontractors. As well
as a completed punch list, the construction design team
will provide the owner with operation and maintenance
manuals, warranties, equipment lists, maintenance test
records, attic stock, and contact lists. To see how this
software is utilized, see Construction SD-C.

12.0 Sustainable Construction
The Children’s Hospital design and construction will
meet the LEED for Healthcare certifiable requirements.
Through owner decisions and construction methods, the
building is able to meet a higher standard of LEED for
Healthcare Gold if desired. Some of the construction
methods utilized include storage and collection of
recyclables and construction and demolition waste
management planning. By choosing only to install LED
fixtures, Fusion will also reduce mercury-containing
products. Fusion’s LEED point breakdown can be found
in Construction SD-E.

13.0 Disaster Planning During Construction
In case of a disaster during construction at the Children’s
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Hospital, Fusion has created disaster response plans to
be prepared in multiple scenarios. These scenarios
include mass casualty events and natural disasters.
During a mass casualty event, the site would go into
lockdown. Each worker would find the most safe and
secure space on site to hide until notified that the entire
site poses no harm to anyone. Once the threat is gone,
the lead Construction Manager and Point of Contact will
walk the site to communicate that the lockdown is over
and the site is safe. There will be designated meeting
points for all workers, which will be spilt up by location,
so once everyone is released from a lockdown, all
workers can be accounted for. See Drawing C-110 for
detailed safety plans during this type of event. Although
a disaster event like this is rare to occur, it is not
impossible and the construction design team wants to be
sure everyone on site is prepared and safe at all times.
Due to the fact that the Children’s Hospital is in tornado
alley, the construction design team must have a plan in
place in case of a natural disaster. With an existing
hospital in use right next to the construction site, the
construction design team must plan their site so no
equipment harms the adjacent hospital in the event of
such a disaster. A mobile crane was utilized on site, more
information on the specific crane chosen can be found in
Drawing C-105. The crane results in minimizing the
potential harm to the surrounding area if a tornado was
to come through Omaha, Nebraska due to its mobility.
Along with the crane choice, the construction design
team will set up plans according to the current phase of
the project. The changing building during construction
requires workers to be updated as to where the safest
place is on site to keep the workers as secure as possible
during the disaster. Fusion has deemed it necessary to
communicate with the existing hospital to determine a
secure shelter location for the construction workers and
surrounding community, see Drawing C-110.

14.0 Lessons Learned
Through the design of the Children’s Hospital, the
construction design team has taken away multiple
lessons that will assist them in future design projects.
The main lesson learned is that design is not a linear
process and requires multiple iterations that may be
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switched throughout the design. Throughout these
design changes, it is crucial to have constructability
reviews. Constructability reviews allows for greater
communication between the construction design team
and all other discipline teams, and opens the floor for
teaching moments. The construction design team was
quickly made aware of the need for communications
with the professional world. With Fusion’s own design,
many system’s constructability needed to be assessed by
what others have done in the past and then improved
upon through innovative and integrated design
solutions. The construction design team also
acknowledges the great value that design-assist brings
onto a project. Along with collaboration and increase
constructability, design-assist allows for a more accurate
cost to be determined for the project.

15.0 Conclusion
The construction design team reached their integration
goal through use of prefabrication. The prefabricated
units integrated all disciplines and improved
constructability. Fusion’s innovative design allowed for
cost effective methods to be applied, referenced in
Drawing C-105.
Through phasing, shown in Sec. 5.5, the construction
design team met their adaptability goal. The schedule
included float times for unplanned events that could
occur throughout construction. Matrix scheduling helped
the construction design time reach their goal of creating
an efficient schedule.
Safety is a main priority to Fusion. The construction
design team implemented multiple safety measures
through both the new and existing hospital. Fusion
utilized low impact methods of construction to minimize
patient discomfort. An example of this is the use of drilled
piles, rather than driven, seen in Sec. 8.1.
Fusion designed a double skin façade that is an icon to
the community. The construction design team
coordinated prefabricated units for the façade. These
prefabricated units improve the ease of constructability.
It also allowed Fusion to be a part of the surrounding
community by renting a warehouse to fabricate all
prefabricated units, as seen in Sec. 6.0.
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SUPPORTING DOCUMENT A

DECISION MATRIX & SOFTWARE TREE

Interoperable Software Use

In order to come to a decision that incorporated the project goals, Fusion implemented a decision matrix.
An example, as shown above, is determining if prefabricated overhead racks were feasible for the project.
After input from all design teams and putting the option of prefabricated overhead racks vs nonprefabricated overhead racks through the decision matrix, it was determined via the point value that
prefabrication would meet the project goals.
CONSTRUCTION SUPPORTING DOCUMENTS

The construction design team utilized many programs and software in order
to complete their design and coordination of construction. These programs
and software can be found highlighted in the figure above.
AEI TEAM 02-2018
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SUPPORTING DOCUMENT B

COLLABORATIVE WORK ENVIRONMENT

Digital Pull Planning
As mentioned in Sec.
4.4, Fusion utilized a
digital pull planning
board on Trello, an
online organizational
system. This allowed
the
Team
to
coordinate
and
integrate their work
effectively.
An
example of this can
be seen in the image
above. More information about how the Team implemented this
system can be found in the Integration Report Sec. 6.4.1.

Collaboration Spaces
Fusion operates in two main spaces: the design space
and the mock-up space. The design space can be seen
in the figure to the right (highlighted in yellow, blue,
and red). The design space consisted of a collaborative
work space (yellow), a conference area (blue), and a
lounge area (red). The mock-up space was located
adjacent to the design space (highlighted in purple).
This space allowed for both the use of physical mockups and virtual reality mock-ups.

Prototyping

Delivery Method

Fusion utilized multiple methods in
order to create prototypes of the
patient rooms. The most efficient
method for reviewing design
iterations for aesthetic purposes
was virtual reality. A team member
of Fusion can be seen in the figure
to the right using virtual reality in
order to get a better understanding
for the patient room and find
where improvements could be
made.

For the Children’s Hospital project, Fusion operates under a
Design-Build Joint Venture with Design-Assist delivery
method. This contractual method allows for an innovative
work environment that still protects the owner from any
risks that comes with the Joint Venture agreement and a
Guaranteed Maximum Price. The Joint Venture agreement
allows Fusion to collaborate in a more integrative manner,
and removes the need for the lengthy request for
information and change order process. The Design-Assist
allows for other designers and subcontractors to bring their
expertise to the design earlier than typical design-build
projects, which creates greater success for the design,
especially the prefabrication choices.
CONSTRUCTION SUPPORTING DOCUMENTS

Owner
Joint Venture Agreement

CONSTRUCTION | LIGHTING/ELECTRICAL | MECHANICAL | STRUCTURAL

Engineers

MEP Partners

Design-Assist

Consultants

Subcontractors
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SUPPORTING DOCUMENT C

QUALITY ASSURANCE

Rolling Completion List

Navisworks

In order to foster a more efficient turnover, a rolling
completion list was created. This allows for work
that still needs to be completed to be addressed
and recorded through PlanGrid, which identifies the
space, the issue, and the team responsible for
completing the task. This system meets the needs
of the owner prior to turnover. As work is
completed, the list is updated to reflect any
changes. Fusion’s goal is to have the rolling
completion list reach zero tasks by Substantial
Completion.

Fusion utilized Navisworks Manage in order to determine clashes
between the different systems in the model. In order to do this, all
systems were first modeled in Revit, then converted and analyzed in
Navisworks Manage. This helped the team determine coordination
issues, specifically focusing on the patient room and hallway
plenum spaces. An example of two clash detections can be found in
the figures below. The first image in both Figure (a) and Figure (b)
depicts what the user sees in Navisworks when before a clash is first
detected. The second image with the black backdrop and green and
red members is part of the clash detection report, which calls out
individual clashes between systems. The third image is the
corrected design in the Navisworks model. A second clash detection
was ran after making the correction needed, giving Fusion a zero
clash model.

Figure (a)

Figure (b)
Figure (a) depicts a clash between a structural
beam and electrical conduit. In order to fix this,
the conduit was shifted to avoid the beam’s
clearances.

CONSTRUCTION SUPPORTING DOCUMENTS

Figure (b) depicts a clash between a structural
beam and a mechanical duct. This clash was
resolved by relocating the duct to the other side
of the beam where more room was available.
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SUPPORTING DOCUMENT D

BIM EXECUTION PLAN

BIM Execution Plan : Part D

Navisworks

Fusion created a BIM Execution Plan specific to the Children’s Hospital Project. The plan allowed for Fusion
to determine what BIM uses they executed throughout the planning and design phases and what they
intended on executing throughout the construction and operation phases of the project. The greatest
priorities to the team were staying on budget, staying on schedule, and creating a high quality design
model to have all subcontractors utilize during construction and turnover to the owner after completion.
Priority (High/Med/Low)

Goal Description

High

Stay on budget

High

Stay on schedule

Med

High quality design, drawings, and specifications

Med

Coordination between trades during design and construction

Med

LEED accreditation

High

Provide high quality design and construction to meet the owner's needs

Plan
Site Analysis
Phase Planning (4D Modeling)
Cost Estimation
Existing Conditions Modeling

Design
Design Authoring
Design Reviews
3D Coordination
Structural Analysis
Lighting Analysis
Energy Analysis
Other Engineering Analysis
Sustainability (LEED) Evaluation
Phase Planning (4D Modeling)
Cost Estimation
Existing Conditions Modeling

Construct
Site Utilization Planning
Digital Fabrication
3D Coordination
Construction System Design
3D Control and Planning
Record Modeling
Phase Planning (4D Modeling)
Cost Estimation
Existing Conditions Modeling

Potential BIM Uses
Cost Estimation
Digital Fabrication
Phase Planning
Site Utilization Planning
Existing Conditions Model
3D Coordination
Design Reviews
Design Authoring
Engineering Analysis
3D Coordination
Engineering Analysis
Digital Fabrication
Sustainability Evaluation
Energy Modeling
Virtual Reality
Digital Fabrication
Design Reviews

Operate
Building Maintenance Scheduling
Building System Analysis
Asset Management
Space Management/Tracking
Disaster Planning
Record Modeling
Phase Planning (4D Modeling)
Cost Estimation
Existing Conditions Modeling

An example of the high quality design model that Fusion aimed to create can be found in
the figure above. This is Fusion’s structural model, which includes the substructure and
superstructure of the Children’s Hospital. This model is used during clash detections during
design to help streamline the construction process. Another use of this structural model is
to determine the phasing of the steel erection during construction. Similar models to the
structural model were made and then compiled in order to determine clashes. More
information about clash detection can be found in Drawing SD-C.

CONSTRUCTION SUPPORTING DOCUMENTS
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SUPPORTING DOCUMENT E

Location &

LEED

5/18

Surrounding Density and
Diverse Uses—1
The owner provided a site for the
Children’s Hospital on their
medical campus with existing
infrastructure. This led to Fusion
being able to conserve land, and
be in a location that is walkable.

Sensitive Land Protection —1

The Children’s Hospital site is not
located
on
environmentally
sensitive lands. Based on the
geotechnical report provided by
the owner, there has already been
infrastructure developed on this
site, making it a prime choice for
the sensitive land protection point.

Transportation

Material &

Access to Quality Transit—1
The site is in a high density area
that allows for the use of public
transportation, such as buses,
which are run by Metro Transit.
There
is
also
surrounding
residential zoning, which allows
the site to be very walkable.

Bicycle Facilities—1
Fusion has decided to implement
bicycle storage facilities within
parking areas on the medical
campus.
With
the
public
transportation located within
walking distance to site, the new
construction meets the public
transportation requirements for
this point.

Total Points:

63
CONSTRUCTION SUPPORTING DOCUMENTS

10/19

Building Product
Disclosure and
Optimization —
Environmental
Product—2

Building Product
Disclosure and
Optimization —
Sourcing of Raw
Materials—2

Fusion’s would utilize
finishes
from
manufactures that meet
the
life-cycle
requirements set forth by
the
USGBC.
The
construction design team
would implement multiattribute products based
off of the USGBC
program.

Fusion will research and
use products that have
life-cycle
information
available and are not
damaging
to
the
environment and society.
The construction design
team will work with
manufactures to have a
responsibility plan in
place.

Resources

Building Product
Disclosure and
Optimization —
Material Ingredients—2
Fusion will fully research
all material ingredients to
avoid those with harmful
substances. By providing
a range of products that
follow the guidelines and
by using the Benchmark
system to focus on green
products, these points
are attainable.

PBT Source Reduction
—Mercury—1

PBT Source Reduction
—Lead, Cadmium, and
Copper—2

Furniture and Medical
Furnishings—1

Fusion’s design utilizes
only LED light fixtures.
This
allows
the
construction design team
to reduce the use of
mercury
during
construction by avoiding
the use of fluorescent
light fixtures.

The construction design
team will not utilize
piping,
fittings,
and
finishes that contain lead
product. Cadmium-based
paint will also be avoided
by
the
construction
design team. Copper pipe
will be used efficiently
and meet all standards
set by USGBC.

Although all furniture is
owner-provided, Fusion
will
recommend
furnishings that have
minimal
chemical
content. This will allow
the owner to attain this
LEED point in an easier
fashion.
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SITE LOGISTICS & PHASING

PHASE 1

PHASE 2

At the beginning of construction, the construction design team focuses on site
mobilization, excavation, and the foundation system. The laydown area directly
across the street is established, along with the site trailers. The auger drills for piles arrive on site. Lastly, the
outline of the foundation walls can be found in red as they are being prepped for placement.

The next phase of construction consists of the western two-thirds of the
podium being constructed. The mobile crane is brought on site and a shakeout
area is designated for steel deliveries.

PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

PHASE 3

PHASE 4

OMAHA, NEBRASKA
SHEET TITLE

The next phase is very similar to phase 2. The building tower is being erected on
top of the podium. The laydown area will now include rebar, metal decking, and
formwork. The concrete pours will start on the podium levels as the steel is in
progress on the tower.

In the last phase, the last part of the building’s steel will be erected. The
crane will begin to be phased off site after all deliveries are inside the
building. The interior construction will begin to be sequenced through
the building and storage containers will be in the laydown area to hold finishes like metal studs, insulation, and
gypsum board. This phase will last the remainder of the project.

SITE LOGISTICS & PHASING
AEI TEAM NO.

02-2018

NOT FOR CONSTRUCTION
DATE

SCALE

02/19/2018 NOT TO SCALE
DRAWING NO.

PAGE NO.

C-101 141

UNIFORMAT II COST BREAKDOWN
Uniformat II Breakdown

A. Substructure

Baseline

Fusion's Design

$ 3,405,504.59

Fusion's Optimized Design Fusion’s Optimized Design

$ 7,441,468.00

$ 5,988,245.91

Budget Tracking

Fusion’s Optimized Design Breakdown
$350,000,000.00

A. Substructure

2.1 %

Architect Fees

B. Shell
B10 Superstructure

$ 14,899,082.57

$ 19,179,732.04

$ 19,179,732.04

6.6 %

B20 Exterior Enclosure

$ 7,875,229.36

$ 10,036,151.80

$ 10,036,151.80

3.5 %

$290 million

$300,000,000.00

B. Shell
$250,000,000.00

General
Requirements

B30 Roofing

$ 1,064,220.18

$ 1,064,700.00

$ 1,064,700.00

.4 %

C. Interiors

$ 44,271,559.64

$ 45,386,564.00

$ 38,954,122.94

13.4 %

$200,000,000.00

C. Interiors
$150,000,000.00

D. Services
E. Equipment & Furnishings

D10 Conveying

$ 7,236,697.25

$ 4,494,405.00

$ 4,494,405.00

1.5 %

D20 Plumbing

$ 21,284,403.67

$ 21,968,249.12

$ 21,968,249.12

7.6 %

D30 HVAC

$ 49,592,660.55

$ 52,144,055.00

$ 49,929,805.00

17.2 %

$100,000,000.00

$50,000,000.00

D. Services
$-

D40 Fire Protection

$ 3,831,192.66

$ 3,829,800.00

$ 3,829,800.00

1.3 %

Baseline
Structure

D50 Electrical

$ 32,139,449.54

$ 35,293,961.69

$ 33,293,961.69

11.5 %

E. Equipment & Furnishings

$ 27,244,036.70

$ 27,600,000.00

$ 27,600,000.00

9.5 %

F. Special Construction

$-

$-

$-

G. Building Sitework

$-

$ 286,000.00

$ 286,000.00

Sub-Total

$ 212,844,036.71

$ 228,725,086.65

$ 216,625,173.50

General Requirements

$ 53,211,009.16

$ 52,606,769.93

$ 49,823,789.91

Architect Fees

$ 23,944,954.13

$ 25,319,867.09

$ 23,980,406.71

Total

$ 290,000,000.00

$ 306,651,723.67

$ 290,429,370.11

COST PER SQUARE FOOT BREAKDOWN

Fusion's Design
Enclosure

Interior

MEP

Sitework

Fusion's Optimized Design
GC and Fees

Add-Alternates

As explained in Sec. 9.0, Fusion’s cost management is broken down into three packages. First, the design was strictly based off of percentages provided for the
-%
average hospital built in the United States (Assemblies Costs with RSMeans Data 2017). These percentages were applied to the competition budget of $290,000,000.
0.1 %
Then, Fusion moved forward and began completing Level 2 and Level 3 estimates for the different systems based on their design. This estimate came in at
$306,652,000, which was $16,652,000 over budget. In order to reach a more reasonable design, Fusion began redesigning and focusing on systems that will not only
meet the owner’s needs, but also allow Fusion to remain within 0.2% of the competition budget. This design and budget is Fusion’s Optimized Design. To do this,
Fusion redesigned the substructure to an auger cast-in-place piles system. This not only decreases the cost associated with the substructure, but it also increases the
17.2 %
flexibility. The cost difference between the two iterations of the substructure design can be seen in the figure below and to the left. Fusion’s original design included
a more efficient heat recovery system and an extra engine for redundancy, which came with an added cost. Discussions between the construction design team and
8.3 %
the mechanical design team led to the decision that the extra cost outweighed the added value of these systems. The systems still meet all hospital and owner
requirements, and now come at a
decreased cost. The final cost of
Fusion’s Optimized Design is
$290,429,000. A pie chart depicting
MV Transformers Payback Period
the Uniformat II cost breakdown of
$200,000.00
Fusion’s Optimized Design can be
In order to determine the how long it
seen above. A bar graph of the
$100,000.00
takes for the owner to make a profit off
budget tracking of the baseline
of
the
medium
voltage
(MV)
$design, Fusion’s design, and Fusion’s
transformers and combined heat and
Optimized Design can be seen
$(100,000.00)
16.3 YEARS
power (CHP) systems, Fusion completed
above.
a life-cycle analysis of the two systems.
$(200,000.00)

PAYBACK PERIODS

BASELINE DESIGN:

FUSION’S DESIGN:

OPTIMIZED DESIGN:

$743.59/SF

$786.29/SF

$744.69/SF

ESTIMATE COMPARISONS
Substructure
Auger Cast-in-Place Piles
Size
Count Cost
24" diameter 534
$ 4,607,000.00
Pile Caps
10'-0"x10'-0" 60
13'-6"x15'-0" 29
$ 726,872.50
13'-6"x20'-0" 22
Total
$ 5,333,872.50
Drilled Piers
Size
Count Cost
36" diameter
38
48" diameter
29
$ 7,386,805.99
72" diameter
22

Through the initial costs, utility bills, and
energy usage savings, the MV
transformers will bring profit in
approximately 16.3 years. Based on a 25
year life-cycle for the equipment, the MV
transformers will yield a profit after 8.7
years.

Superstructure
Cast-in-Place Flat Slab
with Drop Panels
Steel with Composite
Deck

$ 10,148,983.04
$ 17,082,544.64

Enclosure
Glazing:
Option 1 - 1" IGU (3/8" Glass)
Option 2 - 1" IGU (3/4" Glass)
Option 3 - Glass Clad Polycarbonate
Option 4 - Glass Clad Polycarbonate*
Metal Panels:
Option 1/2 - 22 ga.
Option 3/4 - 14 ga.

$
$
$
$

6,904,102.60
7,368,423.00
12,600,064.80
20,395,224.80

$ 2,617,888.80
$ 3,100,063.80

*Option 4 consists of glass clad polycarbonate on both the interior and exterior layers of the double skin façade.

The CHP system will also provide the
owner with savings. The payback period
for this system is approximately 12.6
years before the owner begins to see a
profit. Under the same 25 year life-cycle
assumption as before, the owner will
have 12.4 years of profit making.

$(300,000.00)
$(400,000.00)
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Combined Heat and Power Payback Period
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ADD ALTERNATES

WALL ASSEMBLIES

Disaster Enclosure

Disaster
Percentage

Smart Building

Smart Building
Percentage

Combined Add
Alternates

Combined Add
Alternates Percentage

Structure

$ 25,167,977.95

8.4 %

$ 25,167,977.95

8.4 %

$ 25,167,977.95

8.1 %

Enclosure

$ 16,814,668.60

5.6 %

$ 11,100,851.80

3.7 %

$ 16,814,668.60

5.4 %

Interior

$ 38,954,122.94

13.1 %

$ 38,954,122.94

13.0 %

$ 38,954,122.94

12.6 %

MEP

$ 141,116,220.81

47.3 %

$ 143,116,220.81

47.8 %

$ 143,116,220.81

46.3 %

Sitework

$ 286,000.00

0.1 %

$ 286,000.00

0.1 %

$ 286,000.00

0.1%

GC & Fees

$ 75,750,894.00

25.4 %

$ 74,485,596.61

24.9 %

$ 78,568,133.44

25.4 %

$-

-%

$ 6,268,974.02

2.1 %

$ 6,268,974.02

2.0 %

$ 298,089,884.30

100%

$ 299,379,744.13

100%

$ 309,176,097.76

100%

Add Alts
Total

Figure (a)
GWB

Fusion has provided two add alternates for the
owner, and a third add alternate that is a
combination of the original two.
The first add alternate is to provide the
Children’s Hospital with a disaster enclosure
based on the enclosure and disaster
challenges. The disaster enclosure is Option 3
of the façade, as seen in Integration Report
Sec. 7.2.1. This enclosure consists of glass clad
polycarbonate throughout the podium façade
and on the interior layer of the double skin
façade around the tower. The insulated metal
panels in Option 3 are at 14 gauge rather than
22 gauge, which creates more protection via
the façade. By providing the glass clad
polycarbonate and 14 gauge insulated metal
panels, Fusion creates a missile impact
resistant enclosure. This enclosure, in the
disaster scenario of a tornadic event, would
protect the patient rooms’ glazing from
shattering. This not only protects the patients,
but it also allows the owner to continue use of
the patient room immediately after a tornadic
event. Once a tornado causes damage to a
building, it takes a longer duration for
insurance companies to respond and have
repairs to the damage begin because the rest
of the area is affected as well. According to
professionals in the healthcare industry, an
intensive care patient room out of commission
creates a loss of $1,000,000 per day. With the
Disaster Enclosure add alternative, this loss is
avoided by significantly lowering the chance of
the glass shattering. The Disaster Enclosure
add alternative has an added cost of
$5,714,000. Based off of the profit loss
incurred during a disaster, this add alternative
can be paid off with one patient room being
out of commission for six days. Due to this
short payback period in the event of a disaster,
this add alternate provides added value that
out weights the additional cost, if the owner
chooses to implement this design initially.

Figure (b)

Figure (c)
GWB

6” METAL STUD

GWB

3” FIBERGLASS INSULATION

1-1/2” FIBERGLASS INSULATION

3-5/8” METAL STUD

5/8” GYPSUM WALL BOARD (TYP.)

3-5/8” METAL STUD

5/8” GYPSUM WALL BOARD (TYP.)

1/2” GYPSUM WALL BOARD (TYP.)

The patient room consists of three different interior wall assemblies. The first wall assembly is shown in Figure (a) consists of 5/8” gypsum wall
board (GWB) on 6” metal studs. This wall assembly has an STC value of 39 and is located on the wall between the patient room and the hallway.
The second wall assembly is shown in Figure (b). This assembly has the same GWB thickness, but the metal studs are 35/8” instead of 6”. There is also 3” of fiberglass insulation within the wall cavity. This wall assembly has an STC value of
49 and divides the different intensive care rooms. The third wall assembly is shown in Figure (c). This wall assembly
consists of two layers of 1/2” GWB on each side of the 3-5/8” metal stud. There is 1-1/2” of fiberglass insulation in the
wall cavity, has an STC value of 55, and is located between a patient bathroom and a patient room. The layout of these
three wall assemblies within an intensive care room can be seen in the floorplan below.

The patient bathroom to the exterior
consists of insulation, steel panels, and
metal studs. This is referred to as the
insulated metal panel (IMP) unit. For
option 1 and 2 of the façade, the IMP is 22
gauge, while for option 3 and 4, the IMP is
specified as 14 gauge. For more
information on the IMP units, reference
the Integration Drawing I-103.

The second add alternate is a smart building design. The Smart Building add alternate
is compiled based on the owner’s challenge for use of smart technology throughout
the building. The smart building add alternate focuses on three target groups for the
use of technology: the patients, the medical staff, and the facility managers. See the
table below for a detailed breakdown of the items included. This challenge brings an
additional cost of $8,269,000 for the technology packages and additional
requirements for the MEP systems. This added cost brings an added value to all users
of the hospital through entertainment, education, and building monitoring.

Target
Patient
Patient
Patient
Medical Staff
Medical Staff
Medical Staff
Medical Staff
Medical Staff
Medical Staff
Medical Staff
Medical Staff
Patient

Smart Building Package
Item
Counts
Tablets
160
Screens/TV
160
Screen Wall Mount
160
Scheduling Software
12
Asset/Personnel
Tracking - Equipment &
800
Staff Software
Asset/Personnel
1
Tracking - Software Tags
Medical Care Software
160
Electric Room Tags
160
RFID
18
RFID Tag Scanner
18
Dashboard
10
Webcam
160

EQUIPMENT LIST
$
$
$

Total
73,440.00
511,998.40
15,998.40
$1,800

$

32,000.00

$

36,000.00

$ 5,237,520.00
$ 255,840.00
$
11,339.82
$
899.10
$
74,999.90
$
15,038.40

Facility Manager

Temperature and

11

$1,100

Facility Manager

Asset Tracking for
Refrigeration System

10

$1,000

Total

$ 6,268,974.02

Based on the request of the owner, the
construction design team has provided a list of
large equipment, such as MRIs and X-Ray
machines, that the hospital would be required to
provide. The construction design team analyzed
the floor plans provided by the owner and
determined which spaces would require
additional equipment to be purchased by the
owner. This list includes costs based on average
values of these pieces of machinery. Refer to the
table to the right for a more detailed breakdown
of the equipment list.

METAL STUD

INSULATION

22 GA. STEEL

PROJECT

Equipment List
Item

Count

Total

X RAY Machine

1

$ 125,000.00

2

$ 70,000.00

1

$ 1,500,000.00

X RAY Machine w/
Fluoroscopy
DaVinci Robotic
Machine
Operating Room
Sterile Table

11

$ 115,445.00

MRI Machine

2

$ 400,000.00

ECMO Machine

1

$ 73,200.00

Total

$ 2,283,645.00
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PREFABRICATION MAPPING

PREFABRICATION FACTORY

PREFABRICATION FACTORY

Fusion will rent an industrial warehouse and convert it into a prefabrication factory for use during
construction of the Children’s Hospital project. This prefabrication factory is located 7.9 miles away
from the Children’s Hospital site and is located in Omaha, NE. The factory will be in use for 10
months of the project, but will be rented for 12 months in order to allow for adequate start-up and
clean-up duration. The breakdown of costs associated with the prefabrication factory can be found
in the table to the right. The prefabrication factory will be updated with electrical, equipment,
safety, and signage, creating an upfront cost. The factory is divided into three sections dedicated to
the three prefabricated units: bathroom pods, façade, and overhead racks. The layout can be found
in the figure below. Each
section has two dedicated
storage areas: one to supply
materials utilized during
prefabrication and one to
store the finished unit. Once
the prefabricated units are
completed, they will be
transported to site via a
flatbed truck that Fusion will
rent for a duration of 10
months in order to keep up
with the required delivery
Courtesy of Google Maps
schedule.

Factory (25,600 SF/year)
Rent

$ 121,600.00

Utilities

$ 55,040.00

Upfront Costs

$ 133,000.00

Subtotal

$ 309,640.00

Truck (10 months)
Rental

$ 35,000.00

Mileage

$ 704.00

Subtotal

$ 35,704.00

Total

$ 345,344.00

In order to best understand what areas of the building could be prefabricated, the construction design team mapped a
typical tower floor. This map determined which construction assemblies could become prefabricated or modularized. The
overhead racks, the bathroom pods, and the exterior layer of the double skin façade were determined to be the best
candidates for prefabrication for the Children’s Hospital project. All three assemblies are highly repetitive throughout the
tower, can be assembled off site and relocated once they are fabricated, and are easily connectable after installation to
the building. The figure below shows the prefabricated overhead racks in the patient room’s plenum space.

PATIENT ROOM ISOMETRIC

PROJECT
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PREFABRICATED UNITS
As mentioned previously in Drawing C-104, Fusion implemented prefabrication into the Optimized Design of
the Children’s Hospital. The three units the construction design team focused on for prefabrication are the
overhead racks, the exterior layer of the double skin façade, and the patient room bathroom pods. All of
these units are highly repetitive in nature and make for easy installation in the field.

The exterior layer of the double skin façade is prefabricated in 8’ by 14’ sections,
as shown in the figure (b) below. The façade is made of 3” thick and 10-1/2” deep
vertical and horizontal mullions. In order to create easily installable prefabricated
units, a tongue and groove system is utilized. This system allows for ease of
construction in the field since the connection system is prefabricated with the
unit. The mullions on each unit are halved in thickness to 1-1/2” thick. This allows
for the glazing to be secured by mullions along all four sides during transportation
and installation. To read more about the prefabricated façade unit, see Sec. 6.3.

The patient bathroom pods are
prefabricated to include all items within
up to and including the finishes. For more
information on what is included in the
prefabricated units see Sec. 6.1. The
composite deck slab will have a 2”
depression at the footprint of the
bathroom. The prefabricated bathroom
pods are placed into this depression and
grouted into place. The slab depression
allows for the finished bathroom floor to
be level with the finished patient room
floor, maximizing patient comfort and
accessibility.

Figure (c)

Figure (a)
The prefabricated overhead rack has two separate units: a hallway rack and a patient room rack, as seen in
figure (a) below. The hallway rack contains mechanical supply, return, exhaust, electrical conduit, junction
boxes, cable trays, medical gas piping, and plumbing piping. The patient room rack has mechanical supply,
return, exhaust, and medical piping. The prefabricated overhead racks come in approximately 6’ long
sections. This allows them to be easily relocated from the truck into the building via a temporary hoist.
More information about the overhead racks can be found in Sec. 6.2.

Figure (b)

CRANE

CRANE USES

The construction design team utilized a mobile crane for all construction purposes. A TEREX AMERICAN HC 165 crawler crane was selected to meet the requirements of all
steel picks. The critical pick of the structure is a W 44x372, weighing 15,996 lbs, which is in the podium on Level 1 as shown in the structural model on the bottom right.
The crane will be able to relocate as the structure progresses, up and down along US Route 6. The load chart to the bottom left explains the reachable radius for a specific
pick size. The maximum radius of 110’ be used for the critical pick. The tower critical pick is a W30x90, weighing 3,600 lbs, and can have a maximum radius of 180’. Refer
to Sec. 5.3.3 for more information on the crane.

Two other major items the mobile crane will be used for is placing the prefabricated
bathroom pods into the building and installing the prefabricated exterior layer of
the double skin façade. The crane allows for ease of access throughout multiple
parts of the building, and creates faster installation for these materials.
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MILESTONE SCHEDULE

Notice To Proceed
Final Concrete Pour
Steel Erection Begins

Design Begins

Façade Complete

Power On

Commissioning Begins

Topping Out

Substructure
Complete

2017

Final
Completion

2020

2019

2018

Start Façade

The construction design team was able to create a schedule to complete the Children’s Hospital project in three years and 10 months.
Provided above is a milestone schedule of important dates throughout construction. The design period begins in the second quarter of
2017, and lasts until the end of the fourth quarter of 2017. Construction begins in the first quarter of 2018 and continues until the
fourth quarter of the 2021. This allows for final completion to occur before the new year of 2022. The milestone schedule allows the
owner a greater overview at the schedule that Fusion will adhere to during construction. The main components start and end dates are
outlined in the milestone schedule. The major components that Fusion focuses on include concrete, steel, enclosure, and the central
plant. The duration and detailed dates for each of the 17 milestones can be found on Drawing C-107 and Drawing C-108 in Fusion’s
detailed schedule. Fusion needs to reassure the existing hospital on the site with the Children’s Hospital that this schedule remains in
motion throughout construction and that these milestones do not change. The existing hospital is depending on the use of the new
spaces and each day without them will affect the plans that have been made, thus costing the hospital and teams money. These
milestones are utilized to highlight the points of achievement during construction. Each one is an item patients in the existing hospital
can track and easily identify to see what phase of the construction the building is in. One milestone specifically important to the
building is topping out. In the graphic to the right, the steel structure is represented when the point of topping out will be achieved.
The colors represent the phases of which the steel will be erection the sequence construction through the building properly.

Prefabrication Factory Closes
Weather Tight Building

Central Plant Complete
First Concrete Pour

2021

Substantial
Prefabrication Factory Opens

Completion
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DETAILED SCHEDULE: Q2 2017 — Q1 2020

PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER

CENTRAL PLANT SCHEDULE
The central plant schedule, although not in the project scope, had to be accommodated for completion of the Children’s Hospital.
The mechanical and electrical systems require the use of combined heat and power (CHP), which is better fit in a new central plant.
The central plant will begin when the Children’s Hospital’s foundations begin, causing the necessary equipment to complete all work
to already be on site. The structure for the central plant is made of 10’ wide precast concrete wall panels with a slab on grade. The
total duration of the central plant will take 190 days, finishing during the steel erection of the Children’s Hospital. Because the
central plant construction is not on the critical path, there is float time for equipment hookups and commissioning for all the
systems in the central plant. The connections to the new hospital are a vital part of achieving the effectiveness of this system
throughout the whole building. The location and layout of the central plant can be seen in the figures to the right.
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DETAILED SCHEDULE: Q1 2020 — Q4 2021

Courtesy of Google Maps

SCHEDULE DETAILS
AS mentioned in Drawing C-104, a prefabrication factory will be
implemented during construction of the Children’s Hospital. The
zoomed in version of the prefabrication factory schedule can be found
above, along with a photo of the warehouse the construction design
team is renting. The schedule shows the duration required to fabricate
each of the three units. The overlap of the units fabrication was
considered when space planning and coordinating within the factory.
The total duration of the factory is 200 days. This is the duration when
the factory will be in full operation.
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In the schedule to the right there is a schedule of interior finishes for
one level of the tower. This is a typical schedule for Level 3 through
Level 7. Because of the coordination required for matrix scheduling, the
install and connections of overhead racks is on the critical path for each
level. Each level of the tower will take a duration of 162 days to
complete.
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MATRIX SCHEDULE
In order to allow for efficient and fast
construction, the construction design
team plans to implement a matrix
schedule for the tower levels of the
Children’s Hospital project. For a
general overview of the matrix
schedule, see Sec. 10.1 The matrix
schedule consists of four phases
throughout Level 3 to Level 7, which
can be seen in the schedule to the left.
These phases allow for a parade of
trades to move through six areas on
each level, as seen in the figure in the
bottom left. Each floor will take nine
weeks to complete. Each phase takes
seven days , which makes for 42 days of
work and allows three days per floor as
float. The construction design team is
aware of the time it will take to get
accommodated to this fast-paced
schedule and has added to float time
to keep the schedule on time. Once the
learning curve is reached, Fusion will
provide awards to the trades for
meeting or beating the schedule goals.

Phase 1 Install & Connect Overhead Racks
Phase 2 Sprinkler & Plumbing Rough-In
Phase 3 Wall Framing & Rough-In
Phase 4 Wall Inspection & Install Gypsum Board

MATRIX MAPPING

MATRIX MAPPING IN PATIENT ROOM

The four different phases of work are
depicted in the figure in the bottom
right. The figure highlights the different
phases in one patient room. Phase 1
highlights
the
installation
ad
connection of overhead racks in the
plenum space. Phase 2 is the sprinkler
and plumbing rough-in also within the
plenum space. Phase 3 is the wall
framing and rough-in for wall
assemblies. Phase 4 is the inspection of
the wall and the installation of gypsum
board.

PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA
SHEET TITLE

MATRIX SCHEDULE
AEI TEAM NO.

02-2018

NOT FOR CONSTRUCTION
DATE

SCALE

02/19/2018 NOT TO SCALE
DRAWING NO.

PAGE NO.

C-109 149

SAFETY KIOSKS
Fusion has implemented multiple means of safety information sharing
with the existing hospital. One of these methods involves placing
kiosks within the existing hospital to keep patients, medical
staff, and visitors informed throughout the
construction process. An example of a map
shown in the kiosk is seen below and
an example of two visitors
using the kiosk is seen
in the graphic to
the right.

SAFETY HAZARDS
Fall Hazards

Electrical Hazards

Fusion adheres to OSHA’s 6’ tie-off
standard, and requires guardrails
and toe-boards around any floor
intrusions. All trip hazards
must be clearly marked.

Lock-out and tag-out procedures
are required at the Children’s
Hospital project. No deficient
wiring or equipment will be
allowed on site at any time.

ZERO TOLERANCE POLICY

Caught-In or –Between Hazards

Struck-By Hazards

Due to the small site, Fusion will
ensure
all
flagging
and
communication is thoroughly
effective to prevent caught-in
or –between hazards from
occurring.

Due to the extensive steel structure,
the prefabricated façade units, and
other crane lifted items, Fusion
will stop any work being
completed under the crane
lift.

DISASTER EVACUATION PLAN

INFECTION CONTROL RISK ASSESSMENT

In the event that a disaster was to come through during construction, Fusion has implemented a safe zone. In early stages of
construction while the substructure is incomplete, workers will be asked to shelter in the existing hospital. Once the basement
structure is completed and enclosed, the workers will report to the basement structure to shelter in place during a disaster. This
basement area, seen in the image to the right, was designed with disasters in mind and as a place for the hospital and
community to take shelter in once the Children’s Hospital is completed. Once the disaster is over, Fusion has required the
workers to report to a designated meeting space, as shown in the figure below. Each meeting space will have a member
from Fusion to complete a roll call of all the workers on site to confirm that everyone is accounted for and safe.

Infection Control Risk Assessment (ICRA)
procedures are key to completing a successful
healthcare project. Every member of Fusion is
required to complete the eight hour ICRA
Awareness Training Program. This program gives
all members a better understanding of the goals
the construction design team is going to
accomplish during construction of the Children’s Courtesy of ICRA For Builders
Hospital. The knowledge provided from training will set the Team up for
success when designing and constructing the hospital.
All workers on site are required to watch an ICRA webinar to ensure the
understanding of ICRA standards and Fusion’s standards on site. A few
construction practices Fusion will implement to achieve these standards
include: barriers between the new and existing hospital and housekeeping at
all times on site. There will be clear barriers set between the jobsite and the
existing hospital. These barriers will create a physical and special marking for
all workers. Workers will not be permitted to pass the barrier, unless it is a
disaster situation as mentioned in the Disaster Evacuation Plan to the left. This
will ensure that the hospital is not being infiltrated by dust, germs, and other
contaminates. Although laborers will continually be keeping the jobsite clean,
each week 30 minutes will be allocated to all trades to perform a cleanup of all
materials and equipment on site.

In order to ensure that all those on site and
in the surrounding area are able to go
home safely each day, Fusion has
implemented a zero tolerance policy at the
Children’s Hospital site. The zero tolerance
policy is applicable to personal protective
equipment (PPE), drug and alcohol use, and
the four main hazards: fall, electrical,
caught-in or –between, and struck-by
hazards. Any person who violates a zero
tolerance policy rule will be removed from
site and not allowed to return.

PROJECT

CHILDREN’S HOSPITAL
AND
MEDICAL CENTER
OMAHA, NEBRASKA
SHEET TITLE

SITE SAFETY & DISASTER
PREPAREDNESS
AEI TEAM NO.

02-2018

NOT FOR CONSTRUCTION
DATE

SCALE

02/19/2018 NOT TO SCALE
DRAWING NO.

Courtesy of LIUNA Midwest Region

PAGE NO.

C-110 150

