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General Information

Building Type: Hospital
Building Size: 600,000 SF
Height: 135 ft
Construction: July 2009-July2012
Cost: $400 million
Delivery: Design-Bid-Build
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Architecture

o 8b5-bed tower and outpatient center

e (Glass curtain walls dominate the
majority of the facade.

e Other materials include metal and
terracotta panels.

e Main features of the building:
curved curtain wall, deep canopies,
and green roofs

Structure

o Concrete spread footings placed on
improved soils

e Framing system consists of
concrete columns and beams

o 12-14” elevated two-way flat slab
with drop panels

o Lateral system comprises of shear
walls located in elevator core and
stairways

MEP

Nemours Children’s Hospital as a part of The Nemours
Foundation gains power from the Central Energy Plant
(CEP) attached to the hospital. The CEP contains the main
electrical and mechanical distribution systems, except for
the AHUs.

CEP

e Three 1300 ton dual cell cooling towers

e Three 1300 ton centrifugal chillers

o Three water tube boilers

e Main and 15KV chiller source transfer switching
e Four 2250 kW generators

Hospital

e Thirty-two AHUs located on the 1st floor mezzanine or
7th floor mechanical room.

e Mix use of VAV and CV boxes

Project Team

Owner: The Nemours Foundation
CM/GC: Skanska USA Building
Architects: Stanley Beaman & Sears
Perkins + Will
Engineers: (Civil) Harris Civil Engineers
(Structural) Simpson, Gumpertz & Heger
(Landscape Architect) AECOM
(MEP&T) TLC Engineering for Architecture

CPEP Website: http://www.engr.psu.edu/ae/thesis/portfolios/2012/CYB5027/index.html
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Executive Summary:

Nemours Children’s Hospital as a part of The Nemours Foundation (NCHTNF) is a 7-story
building located in Orlando, Florida. The entire complex consists of a hospital, clinic, loading
dock data center, central energy plant (CEP), and parking facility. The 600,000 square foot
hospital consists of two components: a bed tower and outpatient center. The combined
components will provide 85 beds, emergency department, diagnostics and ambulatory
programs, educational and research centers, and an outpatient clinic. Stanley Beaman & Sears
and Perkins + Will are the architects of the project. Harris Civil Engineers, Simpson Gumpertz &
Heger, AECOM, and TLC Engineering for Architecture are responsible for the engineering design
of NCHTNF. Skanska USA Building is acting as the construction manager and general contractor
of the design-bid-build project, which is scheduled to be completed July 2012 after ground was
broken July 2009.

This thesis focuses on redesigning the lateral system using concrete moment frames instead of
the current concrete shear walls. The existing structure uses 157 mph design wind speed, far
surpassing the minimum code level. This lateral analysis studies if concrete moment frames are
feasible for 110 mph, the minimum design wind speed for Orlando, in addition to the 157mph
case. Pending a practical design, concrete moment frames create an open floor plan by
eliminating shear walls. These changes alter the weight of the building, so the foundation
needs to be reevaluated.

Additionally, a flat plate system is considered rather than the current flat slab. Flat plate
designs eliminate drop panels and column capitals, thus producing a more cost effective slab
system with a reduction of formwork. The slab-column connections require detailed analyses
to determine if the connection can withstand the moment transfer and applied shear. If the
slab-column connections cannot carry the load, solutions are presented and studied to mitigate
the moment transfer.

In addition to the lateral and floor system redesign, two breadth topics are explored. One topic
is a daylighting study of the sun management of a south facing facade. This determines if the
current louvers can adequately control the sun. Additionally, an alternative interior sun control
system is presented. The second breath topic examines the structural system of the facade, for
both constructability and maintainability. An aluminum mullion design is presented as an
alternate to the current silicone structural sealant; comparisons of advantages and
disadvantages of each drive the final decision.

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation
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Building Introduction:

NCHTNF is a 7-story building located in
Orlando, Florida, shown in Figure 1. The entire | «— )
complex consists of a hospital, clinic, loading sRaVT
dock data center, central energy plant (CEP), P
and parking facility. The 600,000 square foot =
hospital consists of two components: a bed
tower and outpatient center. The combined oo
components will provide 85 beds, emergency o
department, diagnostics and ambulatory %, e
programs, educational and research centers, %, \
and an outpatient clinic. Stanly Beaman & Sears &, o
and Perkins + Will are the architects of the o
project. Harris Civil Engineers, Simpson et e
Gumpertz & Heger, AECOM, and TLC
Engineering for Architecture are responsible for  Figure 1-Location of NCHTNF. Courtesy The Nemours
the engineering design of NCHTNF. Skanska USA Foundation.

Building is acting as the construction manager and general contractor of the design-bid-build
project, which is scheduled to be completed July 2012 after ground was broken July 2009.

% o
o, Fatare Home of
4’5‘ % VA Medical Center

NARCOOSEE BLVD

The design of this $400 million building uses
2007 Florida Building Code with 2009 updates. The
Florida Building Code is based on the International
Building Code and subsidiary related codes. The
building is classified as 1-2 while the clinic can be
considered business class, the hospital is industrial
because of overnight patients, thus making the
entire project industrial. The site is an undeveloped
parcel of land that underwent clearing and mass
grading to reach its current topography. The site
location does not have any restrictions presiding
over the NCHTNF’s design.

Figure 2 — Nemours Children’s Hospital as a part of The . . .
Nemours Foundation. Courtesy The Nemours Foundation. The primary structure is concrete with

curtain walls dominating the majority of the facade.
The glass curtain walls vary between metal sunscreen systems, fritt patterns, and insulated
spandrels. Other building materials include ribbed metal panel system, terracotta tile wall
system, terrazzo wall panels, and composite metal panels to complement the glass systems in
the curtain walls. A curved curtain wall, deep canopies, and two green roof gardens provide
additional architectural features to the building design.

April 4,2012 The Nemours Children’s Hospital as a part of The Nemours Foundation
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NCHTNF is designed to withstand the effects of a category 3 hurricane using 157 mph
design wind speed. The National Oceanic and Atmospheric Administration, NOAA, describes a
category 3 hurricane as an event where devastating damage will occur, resulting in injury and
death. The Nemours Foundation wants NCHTNF to be listed as a place of refuge, more
technically known as an Enhanced Hurricane Protection Area, during a category 3 hurricane.
This requires the building’s design to at least meet NOAA’s classification of a category 3
hurricane, having sustained winds of 110-130 mph. To qualify as an Enhanced Hurricane
Protection Area, the hospital is designed to these standards with a factor of safety.

The building envelope’s design
is more complex than most to meet
the Enhanced Hurricane Protection
Area standards. The modular curtain
wall, constructed by Trainor, is % ; rat 8= 3
designed with 30,000 feet of dual [ - — NP p—
sealant joints to allow weeping
between the two joints. A probe test
is specified to be conducted after the
sealant has cured to ensure the joint is
working properly. The north side of
the building features a curved curtain
wall supported by slanted structural
columns. The deep canopies and fritt N L »J——!f——l———L4—-—-_'
pattern glass, acting as sun shading T 7 m —
devices to provide adequate shading Figure 3 - Installation of Sun shading Device. Courtesy SGH.
from the Florida sun, are prevalent
throughout the building. An example of the one of the sun shading devices is shown in Figure
3. NCHTNF incorporates several different roofing systems to accommodate different functions
of the roof. A fluid-applied membrane acts as the roofing system for the patient accessible roof
gardens. Thermoplastic membrane roofing and SBS-modified bituminous membrane roofing
comprise the other roofs on the building. A lab in Florida tested a mock-up of NCHTNF against
conditions generated by a category 3 hurricane. A 2-story 10-bay mock-up is required to pass
various tests to ensure the building envelope will be able to sustain the effects of a category 3
hurricane. Laminated glass and extensive use of roof fasteners help the building envelope meet
the standards of the hurricane test.

The design of NCHTNF follows the USGBC’s LEED prerequisites and credits needed for
certification based on LEED for New Construction 2.2. The building has two green roof gardens
on the second and fourth floor roofs as mentioned in the paragraph above. The green roofs
double as outdoor gardens for patients as well as sustainability features for the building.
NCHTNF has numerous sunshades to block the sun from the vast glass facades. Deep canopies
provide shade for large spaces on the south fagade of the building. The building’s design
implements Fritt pattern and insulated spandrel glass systems. These devices block some of the
intense Florida sun to lessen the load on the HVAC system of the building.

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation
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Structural Overview:

NCHTNF bears on spread footings on either improved or natural soils, shown in Figure 4. The
hospital and clinic portion of the building predominately consist of reinforced concrete, with
the exception of steel framed mechanical penthouses. The loading dock data center and
central energy plant are primarily steel framed structures. The lateral system is comprised of
shear walls, most of which continue through the entire building height. NCHTNF uses unusual
framing techniques for the wave and sloped curtain wall backup.
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Foundation:

PSI, the geotechnical firm, performed nineteen borings across the site in January 2009. The
soils generally consist of varying types of fine sands graded relatively clean to slightly silty in
composition. The boring blow counts record the upper layers of sand to be of medium dense
condition, while the lower layers of sand are generally loose to medium dense condition.

PSI recommends utilizing shallow foundations only if the foundation design implements soil
improvement to increase the allowable bearing capacity used in the design. PSI proposes
another foundation solution, if soil improvement is not desirable implement a pile foundation
system. These reinforced augercast piles withstand considerably higher foundation loads than
the shallow foundation system. The downside of augercast piles are they can bulge or neck
where very loose soils are encountered, requiring stringent monitoring and quality control.
Due to the specialized nature of the augercast piles for this project, spread footings with soil
improvement is chosen as the foundation system for the NCHTNF.

Additionally, the water table is measured only 4 feet below the surface raises concerns about
excavations. The sump system dewaters shallow excavations while deeper excavations require
well-pointing or horizontal sock drains for proper dewatering.

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation
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Floor System:

NCHTNF has numerous types of floor construction due to different design requirements in
different sections of the building. The building contains 5”-6” normal weight concrete as the
slab on grade. A few sections of the foundation system utilize mat foundations, varying from 2’
to 4’-3” normal weight concrete. The hospital and clinic are built with normal weight elevated
two-way flat slabs, with and without drop panels, varying in depth from 9”-14”. A typical
structural floor plan detailing a typical 30'x30’ bay is shown in Figures 5 and 6. The loading
dock data center and central energy plant are constructed with a 4-1/2” 1-way slab on 3”-20
GA. composite metal deck, which is supported by a steel frame system. Some specialty areas,
such as the green roof and the slab over the lecture hall, vary slightly from the typical slab in
the remainder of the building.

There are 29 different concrete beam sizes in the NCHTNF. The beams range from 16” x20” to
89” x 48”. The hospital and clinic predominately consist of 15’ x 30’ bays with a few 15’ x 15’
and 30’ x 30’ bays to accommodate for the elevator and stair core. The bays in the loading dock
data center are irregular. They vary from the smallest being 21’ x 30’-3” to the largest being 30’
x 45" —2”. The central energy plant also has a variety of bay sizes, ranging from 22’ x 11’-2” to
22' x 26’-7".

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 10
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Figure 5 - Level 1 Typical Structural Bay (37 x30') Key Plan. Coirtesy SGH.
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Figure 6 Level 1 Typical Structural Bay (30'x30'). Courtesy SGH.
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Framing System:

The columns supporting the NCHTNF are mostly reinforced concrete columns. Steel columns
support the mechanical penthouse on the 7™ floor. The concrete columns supporting the
hospital and clinic typically start at a dimension of 30” x 30” and taper to 22” x 22" by Level 6.
The mechanical penthouse is constructed with W12x53 columns on both the hospital and clinic.
W14x109, W10x49, W10x60, and W14x68 mainly support the loading dock data center. HSS8x8
and HSS12x8 dominate the central energy plant’s supporting structure along with a few
W12x65 and W12x79 columns.

Lateral System:

Shear walls resist lateral loads in the hospital and clinic of the NCHTNF. These walls are 12-14”
thick and tie into mat foundations with dowels matching the typical wall reinforcement, mostly
#8 bars. The shear walls are located in the elevator/stair core in the hospital and in the
elevator bays and lecture hall in the clinic, which are highlighted below in green in Figure 7.
Also, the central energy plant has one shear wall, the rest of the lateral system of the CEP being
braced framing which, discussed in the next paragraph. A few shear walls include knockout
panels to plan for future openings.
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Figure 7 - Level 1 Structural Floor Plan Highlighting the Lateral System. Courtesy SGH.
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Steel concentrically braced frames resist lateral loads in the loading dock data center and
central energy plant, highlighted above in orange in Figure 7. Diagonal members, HSS6x6 and
HSS5x5, brace into W14, W16, and W21 beams in the loading dock data center. Diagonal
members, HSS8x8 and HSS8x8, brace into W18 and W21 beams respectively in the central
energy plant. As mentioned above, the central energy plant has one shear wall along with the
steel concentrically braced frame system. The loading dock data center and CEP will not be
analyzed in this report.

The load path in NCHTNF starts with the wind load against the facade of the building. Once the
load is applied to the facade it is transferred to the diaphragms on each floor. The diaphragms
then transfer the load to the lateral elements, being reinforced concrete shear walls in the
hospital and clinic and steel concentrically braced frames in the loading dock data center and
CEP. These lateral elements transfer the load to the foundation system, the final step of the
load path of NCHTNF.

Roof System:

NCHTNF has several different roofing systems to accommodate different functions of the roof.
A fluid-applied membrane acts as the roofing system for the roof garden that is accessible to
patients and also doubles as a green roof. The fluid-applied membrane utilizes type IV
extruded polystyrene board insulation. The other roofs on the building are constructed with
thermoplastic membrane roofing and SBS-modified bituminous membrane roofing. Each of
these roofs use polyisocyanurate board insulation, which is type Il glass fiber mat facer. The
other roofing system is 1-1/2” — 18 GA. metal roof deck, located on the loading deck data
center, central energy plant, and mechanical penthouses on the 7™ floor.

E

T LI

= ol T IMI I

Figure 8 - Green Roof Rendering. Courtesy SGH. Figure 9 - Green Roof Rendering. Courtesy SGH.

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation
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Thesis Objective:
Structural Analysis and Design:

Problem Statement:

A primary design principle of NCHTNF is remembering the structure is first and foremost a
children’s hospital. The importance of an open floor plan is paramount, seeing as the goal is to
not make the patients feel confined in the hospital. NCHTNF current design uses 39 shear walls
for the lateral force resisting system. The central core in the hospital, where the majority of
shear walls are located, has limited floor space due to the placement of shear walls, highlighted
in figures 11 & 13. Similarly, floor space is limited in a portion of the clinic due to shear walls
shown in figures 10 & 12. Additionally, the shear walls require coordination with MEP systems
to provide penetrations for ducts and conduit passing through the walls without losing
structural integrity of the wall.

Figure 10 - 3D Hospital ETABS Model Figure 11 - First Floor Hospital ETABS Model
Figure 12 - 3D Clinic ETABS Model Figure 13 - First Floor Clinic ETABS Model

April 4,2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 14
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The design of typical hospitals strives to have large floor to ceiling heights. The more vertical
space provided allows for a less complicated coordination in the ceiling plenum. NCHTNF
currently uses a flat slab floor system. This allows the slab to be supported without beams or
girders, which results in higher floor to ceiling heights. These higher clearances provide more
space for MEP equipment, which eases the coordination process. On the contrary, drop panels
require additional time to construct because the construction process requires more formwork
than with a two-way flat plate system.

Problem Solution:

The lateral system of NCHTNF will be redesigned using concrete moment frames. This reduces
the number of shear walls in the building, which creates a more open floor plan. A study to
determine whether the moment frames can be integrated within the slab depth, which might
require changing the slab thickness, will be performed. The floor system is analyzed as a flat
plate system in efforts to keep the high floor to ceiling heights and remove the need for drop
panels. Removing the drop panels from the floor design may reduce construction time and cost
because the formwork for the drop panels will not be required.

In addition to analyzing the proposed lateral system redesign using the existing 157 mph design
wind speed, the minimum required code wind speed of 110 mph is studied too. These analyses
focus on the feasibility of implementing concrete moment frames as the lateral system. Also,
using the 110 mph can be justified as an adequate design wind speed for an Enhanced
Hurricane Protected Area based on historical max wind speed data.

The lateral and floor systems changes result in a reduction in the overall weight of the building.
The foundation of the building needs to be analyzed to determine if either the bearing force or
overturning moment have been exceeded with the change in weight. Gravity members require
evaluation to determine if they need a redesign with the combination of lateral and gravity
loads. Additionally, a model of the building needs to be constructed to check drift limitations
and torsion with the adjusted lateral system.

Design Goals:

The overall design goal of this project is to design a lateral system producing a more flexible
architectural layout. An additional underlying theme is reducing the current design wind load
on the building, while still meeting the Enhanced Hurricane Protection Area standards
mentioned in the introduction of this report. Other goals to be met throughout this project
include:

Do not decrease the amount of useable space per floor

Eliminate the need for drop panels, which require supplementary formwork

Analyze the feasibility of concrete moments by hand, Structure Point, SAP, and ETABS
Evaluate non-structural systems affected by designing the building to withstand a
hurricane, such as the fagade louvers and structural sealant.

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation
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Breadth Studies:

The facade of the building is predominately glass, as per the owner’s request. An analysis of
the sun shading system, consisting of specifically calculated size louvers, studies the existing
control of the sun’s exposure into the building. The analysis centers on studying the year-round
daylighting of the building in an effort to maximize the performance of the glass wall system.
An alternative sun controlling device is presented regardless of the outcome of the analysis of
the current system.

. The other study examines the efficiency of

E”E ‘\ the sealant of the current facade, a section

Ty view of the facade is shown in Figure 14.

, f An alternate facade structural system is

: i investigated to compare efficiency of each

) —.* system. The focus on waterproofing the

| > building, seeing as one of the design

ﬁ |‘ : focuses is making the building hurricane

- proof, determines the final choice of

| design. The new system considers the

effects of thermal, air, and moisture

— infiltration along with the life cycle cost of
the wall system.

MAE Requirements:

- o o a2 II|

The MAE requirement for this report is
— met by modeling NCHTNF in ETABS.
Generating computer models in various
." 0 structural analysis programs is the
- curriculum of AE 597A — Computer

B Modeling of Buildings. This class explains
how to manipulate building models, within

structural analysis computer programs,

m and study the given results. Additionally,
- the MAE requirement is met with
: incorporating course material from AE 542
T — Building Enclosure Science and Design.
I This course studies design and analysis of

NE
(e

. building facades, which applies to
— — ! NCHTNF.

Figure 14 — NCHTNF East Fagade. Courtesy SGH.
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Structural Analysis and Design:

Introduction:

Concrete Moment Frames:

Concrete moment frames with a flat plate slab are analyzed as an alternative to the current
shear wall system in NCHTNF. Moment frames are feasible when the building is below 8-10
stories, which NCHTNF’s 8 story height falls within the requirement®. The moment frames give
the floor plan flexibility for layout and ease MEP coordination by eliminating cumbersome shear
walls. Designing and modeling moment frames with the proposed slab-column connections is a
subject that has not been completely developed. Much of this design process combines of a
variety of ideas from different research papers and textbooks.

Gravity and lateral loads need to be simultaneously analyzed when designing a slab-column
moment frame. Since, flat plate system designs primarily focus on solely resisting gravity loads,
many researchers study if a flat plate can withstand combined lateral and gravity loads. The
main issue is overestimating the lateral stiffness of the slab-column frame during the design
process, which underestimates the lateral deflections®. B, the cracked stiffness modifier, is a
point of disagreement between researchers because this modifier has been assigned a range of
values. The modifier helps negate the overestimation of lateral stiffness, giving reason to why
it has not received an exact value. Figure 15 shows the given range of B values. In regards to
slab-column connections, many researchers have decided on their own specific value of B. For
example, Wight and MacGregor suggest using f=0.33 for both interior and exterior connections
as well as positive and negative sections. Other designers might disagree and suggest applying
B=0.5 for positive bending regions and B=0.33 for negative bending regions. For this analysis,
B=0.33 is used throughout, which is described in more detail in the modeling section?.

TABLE 13-7 Recommended a and g values for the flexural stiffness
of slab-beam elements

Region of the slab a-value p-value

(for effective width a €;) (forl, = B1,)
Positive bending regions | 0.5 0.5
Negative bending regions | 0.5, for gravity analysis only
(interior columns) 05 0.33, for lateral-load analysis
Negative bending regions 021005
(exterior columns) (function of edge beam stiffness) 033

Figure 15 - Alpha and Beta Values for Slab-Column Connections. Courtesy Wight & MacGregor

! Wight, James and James MacGregor, Reinforced Concrete Mechanics & Design, (Upper Saddle, NJ: Pearson Prentice Hall,
2008), 641-731.

2 Kim, Hyun-Su, and Dong-Guen Lee. "Efficient Seismic Analysis of Flat Plate System Structures." 13th World Conference on
Earthquake Engineering. (2004). http://www.iitk.ac.in/nicee/wcee/article/13_680.pdf (accessed February 15, 2012).
* Wight et al. 2008.
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A slab-column connection experiences combined shear and moment transfer, so the capacity of
the slab needs to be evaluated accordingly. The moment transfer is partially transferred by
flexure with the remainder by shear; this is explained during the lateral system design section.
The shear capacity must exceed that of the amount being transferred and if not, there are
feasible solutions®. Examples being, the slab can be made deeper or expanding the cross
section of a column increases the shear capacity of the slab-beam and decrease the shear and
moment transfer. Also, stud rails, interior beams, and edge beams can be employed to mitigate
the shear and moment transfer problem.

Equivalent Frame Method is commonly used for analysis of a flat plate structure subject to
lateral loads. Of course finite element analysis is preferred, but this method gives a good base
reference to compare a design to>. One drawback to equivalent frame method is the difficulty
of applying it to buildings with openings in the slab. Slab openings are ignored in this analysis
to simplify calculations. Additionally, some researchers believe the Effective Beam Width
Method is more accurate than the Equivalent Frame Method when analyzing lateral loads on a
flat plate system. According to research, Equivalent Frame Method may not produce accurate
slab moments and lateral deflections while Equivalent Beam Width Method produces
satisfactory results®.

* Wight et al. 2008.

> Choi, Jung-Wook, Chul-Soo Kim, Jin-Gyu Song, and Soo-Gon Lee. "Effective Beam Width Coefficients for Lateral Stiffness in
Flat-Plate Structures." KCI Concrete Journal, July 2001.
http://www.ceric.net/wonmun2/kci/KCI_3_2001_13_2_49(C).pdf (accessed January 20, 2012).

6 Han, S. Whan, Y.-M. Park, and J. Oak Cho. "Effective beam width for flat plate frames having edge beams." Magazine of
Concrete Research, November 2010. http://earthquake.hanyang.ac.kr/submenu/pdf/journal/[2010]_Han_Effective
beam width for flat plate frames having edge beams.pdf (accessed March 17, 2012).
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Hurricane Design:

As mentioned earlier in this report, NCHTNF is designed using 157mph wind speed. This wind
speed represents a category 3 hurricane, which has the possibility of creating catastrophic
building failure, with a factor of safety. ASCE 7-05 requires NCHTNF to be built using a
minimum of 110 mph design wind speed, so the chosen design wind speed far exceeds the
code’. Appendix A shows the wind load calculations used for the 110 mph design speed. The
orange star represents Orlando, which is within the green line, representing 110 mph design
wind speed, shown in Figure 16. The reasoning of designing NCHTNF for 157 mph is The
Nemours Foundation wants the building to be an area of refuge for the event of a hurricane
crossing over Orlando. Besides the increased wind speed, no other considerations are taken
into account to make NCHTNF an area of refuge.

F 130(58)
140(63) 140(63)

140(83)  {50(67)
150(67)

24l special Wind Region

90(40) %ﬁi&’ i i
100(45) J1130(58)

Location Vmph (m/s)
Puerto Rico 145  (65)

Figure 16 - Design Wind Speeds. Courtesy ASCE 7-05.

7 ASCE 7-05. Reston, VA: American Society of Civil Engineers, 2006.
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Research has shown in a 56 year data gathering time period, 79 mph is the highest recorded
wind speed in Orlando, reference Figure 17%. Even though hurricanes make landfall in Florida,
their winds dissipate once they reach inland Orlando. Seeing as the probability of experiencing
157 mph is extremely low, this thesis focuses using the 110 mph design wind speed instead of
157 mph. Additionally, calculations determine whether concrete moment frames can be
designed using 157 mph design wind speed.

YRS JAN FEB MAR APR MAY JUN Jur AUG SEP oCcT NOV DEC ANN
Florida DR 5P DR SP DR 5P DR SP DR SP DR 3P DR 5F DR SP DR 5F DR 5P DR 5P DR 5F DR SP
APALACHICOLA, FL 45 E 43 E 42 E 54 SE 51 SE 47 E 55 M 83 MNE 59 E 67 NW 58 SE 47 SE 42 E &7
DAYTOMABEACH, FL 57 26 43 20 44 24 55 1% 46 22 458 33 40 M4 43 15 89 M 38 5 33 50 30 34 40 15 (2]
FORT MYERS, FL 54 25 40 5 39 35 46 20 39 32 44 31 43 18 45 14 50 5 92 35 62 30 32 033 3B 5 92

JACKSOMNVILLE, FL 25 30 3& 30 39 22 44 32 46 29 34 28 39 6 71 38 &0 46 21 31 33 35 31 40 26 57

KEY WEST, FL 29 2T M4 12 57 22 54 1 53 13 46 18 40 12 61 18 61 12 62 15 71 12 47 26 39 15 71
MEAMI, FL 48 24 46 19 55 4 46 24 35 32 52 13 37 25 43 12 36 6 69 15 63 7 32 3% 12 86
ORLAMNDO, FL 56 25 42 25 46 24 48 2 50 35 51 32 64 14 45 12 60 61 5 45 26 20 35 12 9

PENSACOLA. FL i3oon 40 13 40 16 39 33 43 12 39 29 46 27 768 14 56 12 7722 3@ N 20 36 12 7

TALLAHASSEE. FL 458 23 46 8§ 40 27 48 1% 35 29 40 3 44 22 3| 2 58 & 46 20 32 16 28 37 2 58

TAMPA, FL 93 32 4 32 50 29 43 2% 44 36 46 31 67 32 B 1 3E 34 96 21 40 25 ¥ 4 0N a7

2 & 5 5 & #

WEST PALM BEACH,

FL 36 3E 13 a6

56 28 45 1 43 27 91 32 55 27 45 9 71 34 46 13 86 26 64 13 &3 10

Figure 17 - Florida Max Wind Speeds. Courtesy SERCC.

® The Southeast Regional Climate Center, “Maximum Wind Speed (mph) for Selected Cities in the Southeast.” Accessed March
20, 2012. http://www.sercc.com/climateinfo/historial/maxwind.html .
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Design Codes:
The standards and codes of this structural analysis and design are the same used with the
original design of NCHTNF:

\ Design Codes \
\ Code Description \
Florida Building Code 2007* | With 2009 Updates
Main Hospital/Clinic, CEP, & Loading Dock
Florida Statutes 471 & 553 | Data Center are all considered “Threshold
Buildings”**
Minimum Design Loads for Buildings and
Other Structures
AISC 360-05 | Specifications for Structural Steel Buildings
AISC | Code of Standard Practice
AWS D1.1 | Structural Welding Code — Steel
ACI | 301 — Specification for Structural Concrete
ACI | 302 — Concrete Floor and Slab Construction

318 — General Design of Reinforced Concrete
Not Otherwise Specified

ASCE/SEI 7-05

Figure 18 - Standards and Codes used in Design

*Note: The 2007 Florida Building Code is based off of the International Building Code and
subsidiary related codes.

**Note: “Threshold Buildings” is defined as any building which is greater than 3 stories or 50
feet in height, or which has an assembly classification that exceeds 5,000 square feet in area
and an occupant content of 500 people or greater.

Materials Used:
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The chart below lists the structural materials used in the design for NCHTNF:

\ Material Properties \

\ Material \ Strength \
Steel Grade fy = ksi
Wide Flange Shapes A992 50
Hollow Structural Shapes A500, GR. B 45
Plates A36 36
Angles A36 36
Reinforcing Steel A615 60
Welded Wire Reinforcement A497 N/A
Welding Electrodes E70XX 70
Concrete Weight (pcf) f'c = psi
Footings/Mat Foundation 145 4,000
Foundation Piers 145 4,000
Foundation Walls <5’ Tall 145 4,000
Foundation Walls > 5’ Tall 145 5,000
Slab-On-Grade 145 4,000
Elevated Slabs 145 5,000
Columns 145 6,000
Shear Walls 145 5,000
Beams 145 5,000
Concrete On Metal Deck 145 4,000
Masonry Grade Strength = ksi
Concrete Masonry Units C90 f,=2.8
Mortar C270, Type S fm=18

Figure 19 - Material Properties Used in Design
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Lateral Design:

Portal Method:
The portal method estimates forces in members of laterally loaded multistory frames. The
design process is based on a few assumptions®:

- Shears in the interior columns are twice as large as the shears in the exterior columns

- A point of inflection occurs at mid-height of each column

- A point of inflection occurs at mid-span of each girder

=
|

—_ :—iJ——-FiWI‘l%-_HJI-L- —I{r?]i

] s Ok F ! ! th —IU

Expansion Joint T1=

ST

Dha il chi

Figure 20 - Level 1 Structural Floor Plan Highlighting the Expansion Joint and Frames Analyzed. Courtesy SGH.

As mentioned before, NCHTNF is split into two different buildings for analysis purposes at the
expansion joint, reference Figure 20. A “worst case scenario” frame is analyzed in each
direction for both the hospital and clinic, shown in Figure 20 highlighted in dark grey. These
frames are not standardized in height, so further assumptions are taken when performing the
portal method. These assumptions modify the given assumptions to fit NCHTNF’s irregular
frames. The distribution factors applied to each column reflect an estimate of the stiffness of
the individual assembly. These rough estimates are solely based on the geometry of the
frames. Lateral forces resulting from 157 mph determined in Technical Report Il are used for
this lateral analysis. Lateral forces due to 110 mph design wind speed are determined using the
same techniques used in Technical Report Ill, sample calculations found in Appendix A. The
columns experience small axial loads due to the irregularity in height, but this is assumed as 0
kips because the axial load values are negligible. The portal frame analysis encompasses
studying the frames with the loading for both 157 mph and 110 mph, sample calculations
located in Appendix B. Even though this analysis is purely a lateral study, it provides an
approximation to give a base point to start designing the columns and slab.

9 Leet, Kenneth, Chia-Ming Uang, and Anne Gilbert. Fundamentals of Structural Analysis, (New York: McGraw Hill, 2008), 638-
643.
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Moment Transfer:

The transfer of moment from the column to the slab governs the design of slab-column
connection. This ultimately determines if a slab has the capacity to withstand the transfer or if
other solutions, such as stud rails or edge beams, are necessary.

ACI 318-08 section 13.5.3 states when a gravity load and lateral

' I forces cause transfer of moment between slab and column, a

i (2)\/— fraction of the unbalanced moment shall be transferred by

1 + bllbz 10 . . .

flexure™. A fraction of the unbalanced moment, which this

moment is calculated using the portal method, is considered to

Figure 21 - Flexure Transfer Fraction  transfer by flexure within the effective beam width. The fraction

Eq“at'°"|\'/|::6“r:§2‘r'w'ght& transferred by flexure is calculated using the equation in Figure

' 21. Then, multiplying the fraction by the unbalanced moment

determines the moment transferred by flexure, the rest being transferred by shear. Sample
calculations can be found in Appendix C.

From this point, all the shear acting on the slab is calculated to determine if it exceeds the shear
capacity of the effective slab beam. Appendix D shows the complete steps determining the
total shear. Cells highlighted in red have exceeded 4Vf'c, meaning the slab-column connection
cannot carry the moment transfer. This calculation determines the concrete moment frames
with flat plate system is only applicable in certain areas of the building. The failed connections
will need additional resistance for the applied shear.

Additionally, the 157 mph wind load case analysis stops at this point. Three out of four of the
frames have the first three floors completely failing when the total shear is compared to the
shear capacity. In conclusion, concrete moment frames are not a feasible choice for 157 mph
wind load with NCHTNF.

10 ACI 318-08. Farmington Hills, MIl: American Concrete Institute, 2009.

April 4, 2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 24




i ‘ i ; Caitlin Beh
Nemours Children’s Hospital as a part of The Nemours Foundation SR
Structural Option

Shear Solutions:

There are many solutions to increase the shear capacity of the connection or decrease the
transfer of moments. One simple solution is increase the size of columns, but the NCHTNF
columns are already sufficiently large. Increasing the slab depth increases the shear capacity,
but the slab is already 12” and a deeper slab is not feasible. Drop panels and column capitals
help the moment transfer without requiring interior beams. This solution is not practical
because the existing slab system already employs drop panels, which one of the goals of this
thesis is removing these. Another solution is using stud rails at the slab-column connection.
This adds shear capacity without adding additional concrete to the system. One last system is
designing edge beams. The edge beams directly address the issue of inefficient shear capacity
at the exterior slab-column connections without completely disrupting the open floor to ceiling
heights. This thesis studies both stud rails and edge beams, which are both feasible solutions.

Specifically for slab-column connections, stud rails consist of rows of vertical studs attached to a
plate on the top end, as shown in Figure 22. The shear studs rails are placed at the corner of
columns and protrude out perpendicularly into the slab from this point**. ACI Chapter 11 states
shear studs are capable of resisting shear and some moment*2. Stud rails are only effective if
their shear capacity is less than the shear being mitigated, which is the case for NCHTNF. The
shear studs will require less formwork than the edge beams while still providing enough shear
capacity for the slab-column connections. Sample calculations can be found in Appendix G.

™\, Stud rail

S5 Head, diameter at least
3.2 times the diameter
*\ of the shear stud
Column

O 0 O 0,0

~ I 7
N ’
N ed
< 7’
N s
\\// "/\ cal
S -

- N\ i Outer critical
Inner critical ", 74 shear perimeter
shear perimeter e m o

Figure 22 - Example of Stud Rail Layout. Courtesy Wight & MacGregor.

" \Wight et al. 2008
12 «pC1 318-08” 2009
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Edge beams help diminish the shear transfer between the slab-column connection, see
Appendix H for an edge beam design. These concrete beams increase the stiffness at the
perimeter of the building, which in turn alleviates a lot of the shear stress from the interior
connections. Stiffening of the structure helps the deflection, which is needed because the
calculated deflections surpass the code limits; discussed in detail in the ETABS Models section.
This method also solves the shear capacity issue, but potentially creates another issue at the
same time. Making the outer columns stiffer also makes the inner columns more obsolete. The
shear is mitigated, but the outer frames need to be reanalyzed with the new stiffness to
determine if they can carry the load. This would make an interesting study to determine if
NCHTNF could be designed with edge beams and perimeter concrete moment frames, but time
did not permit this study.

Structure Point Models:
Structure Point is a program analyzing column and slab |<~= e e e
designs for individual stories of a building under the
assumption that the columns are fixed-fixed, as shown in
Figure 23. The fixed condition forces the program to only
analyze gravity loads, not a combination of lateral and
gravity loads. Similar to the portal frame analysis, the
Structure Point models provide a benchmark design for the |
concrete moment frames. Additionally, Structure Point |-~ 777 777, 777
takes into account changes in moment of inertia Figure 23 - Example of end conditions in Structure
throughout the length of the slab. This is an advantage  PointModels. Courtesy Wight & MacGregor.
because programs like SAP and ETABS do not automatically

compute calculations with the changed moment of inertia values. In conclusion, column
dimensions, slab depth, and rebar sizing are determined using Structure Point. These results

are used in SAP and ETABS models, which are discussed in the upcoming sections.

;12
2|
=
o

3.55 ft.

fasst
3.55 ft
4.0ft
4.0 ft
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SAP Models:

Unlike Structure Point, SAP allows models to be studied under combined lateral and gravity
loads. Also, SAP is beneficial for studying two dimensional frames instead of studying the entire
building. It is advantageous to create a frame of reference to check the complete building
model with. Additionally, SAP provides the means to manually inserting changes in the
moment of inertia in the slab. Three elements are drawn and connected by two link elements
to model the change in moment of inertia, shown in Figures 24 and 25.

[

Figure 24 - SAP Model of Frame Figure 25 - SAP Model Detail of Link Elements

The two outer pieces represent the effective moment of inertia, which is determined from
Figure 15. The inner piece represents the typical modified moment of inertia of the slab™. The
link elements show the computer program the three line elements need to act as one while
exhibiting different properties. The slab is modeled as the effective beam width to represent
the portion of the slab that exhibits beam-like tendencies. A further explanation of the
effective beam width theory can be found in the structural analysis and design introduction.
Also, the lateral loads applied to the frame are determined based on an assumption. Due to
symmetry, it is assumed the lateral loads distribute evenly to each frame. So a fraction of the
total lateral load is applied to this frame. This assumption can be verified in ETABS with a
complete building analysis, which is discussed in the next section.

Bacg) Analysis Reference Manual For SAP2000, ETABS, and SAFE.” Computers & Structures Inc., June 2008. http://www.comp-
engineering.com/downloads/manuals/SAFE/SafeManuals/CSI Analysis Reference.pdf (accessed March 17, 2012).
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Int. Column Ext. Column

Moment (ft-k) Shear (k) Moment (ft-k) Shear (k)
1013 135 506 68
1643 110 290 20

Figure 26 - Comparison of Calculated Versus Computer Generated Values

The SAP moment and shear outputs, as shown in Figure 26, are comparable to those from the
Excel calculations. These numbers further verify the need for additional shear capacity, as was
discussed earlier in this report. The moment outputs for the columns are within the
interactions diagrams, diagrams located in Appendix E. Additionally, a slab capacity check can
be found in Appendix F. Also, the SAP story displacements are within the code limits, see Figure
27. The ETABS deflections are not within the code limits; this will be discussed in the EATBS
section. This analysis verifies the Excel calculations and also provides a check for the ETABS
model.

Deflections

| ETABS (in)

2.92

2.50 3.21

1.99 2.93

1.46 2.52

0.93 1.98

0.41 0.87
Code Limit 2.93

Figure 27 - Frame and Building Deflections
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ETABS Models:

The clinic portion of NCHTNF is modeled as a three dimensional structure in ETABS. This model
includes all lateral resisting structural elements in the building as designed. Analysis
assumptions included in the ETABS model include, but are not limited to:

- Rigid diaphragms modeled at each floor

- Structural members modeled with specific material property

- Wind loads are applied at the center of pressure

- Columns and the slab effective beam width are modeled as line elements
- Slabis also modeled as a shell element

- All restraints at the ground level are pinned

As an initial study, two ETABS models are created to compare the outputs of modeling the slab
as a shell element with line elements representing the effective beam width of the slab (non-
shell) and modeling the slab only as a shell element (shell), Figures 28 and 29 respectively.
Additionally, each floor system is assigned a rigid diaphragm to provide adequate story
displacement data. After applying gravity and lateral loads, the analyses significantly differed.
The displacements significantly contrasted along with the moment and shear outputs. In
conclusion, the non-shell model provides a more accurate representation of how NCHNF reacts
to lateral and gravity loads.

Figure 28 - ETABS "Non-Shell" Model Figure 29 - ETABS "Shell" Model

The non-shell element’s deflections exceed the code limitations, as shown in Figure 27, so the
building needs additional stiffness. One solution is using edge beams, as was mentioned earlier
in this report. The edge beams mitigate the shear capacity issues as well as make the building
stiffer, resisting the lateral forces. The only issue with edge beams is the beams take the
majority of the load to the perimeter of the building with the increase in stiffness, so the
building needs to be reanalyzed to study placing the lateral system on the perimeter of the
building.

April 4,2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 29




. ) . . Caitlin Beh
Nemours Children’s Hospital as a part of The Nemours Foundation R
Structural Option

As mentioned in the SAP section, the lateral loads are equally divided between each frame,
assuming equal stiffness. To verify this assumption, take a section cut at each story and divide
the story shear by the total base shear. Continue this method for each floor to determine the
stiffness of the concrete moment frame. This analysis is not performed in this report due to
time constraints. In conclusion, the ETABS model provides shear and moment outputs due to
the gravity and lateral loads. Also, this model determines edge beams need to be installed to
control the excessive deflections.

Torsion:

Lateral loads applied to a building induce torsion when the center of pressure and the center of
mass are not located at the same point. If the center of pressure is not equal with the center of
mass then a moment equal to the force multiplied by the eccentricity is produced. A formal
torsion calculation is not necessary due to the building and lateral system’s complete
symmetry.

Foundation Check:

The critical overturning moment results in the direction with least depth, which is 90" for
NCHTNF. Wind loads control the design of the building, so the overturning moment is
calculated using the wind forces per floor and individual heights. The resisting moment must
exceed the overturning moment and is calculated by multiplying the weight of the building by
the moment arm of half the width of the building. In summary, the resisting moment is much
larger than the overturning moment. Figure 30 shows the calculation of both the overturning
and resting moments.

The weight of the building decreases only slightly with the change from concrete moment
frames to shear walls. This weight difference marginally changes the axial load on the column,
which is still below the soil capacity given by the geotechnical engineer. Sample calculations
can be found in Appendix |. So, the foundation does not require any redesigning due to the
changes with the lateral system.

Overturning Moments

Wind Force (k) Elevation (ft) Moment (k-ft)

9,945
100 82.5 8,250
97 67.5 6,548
93 52.5 4,883
112 37.5 4,200
100 15 1,500
5 35,326
M,=15,700 k x 45’= 706,500

Figure 30 - Overturning and Resisting Moment Calculation
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Conclusion:

This structural analysis and design has determined concrete moment frames are not beneficial
for a design wind speed of 157 mph, but can be implemented for 110 mph. A two-way flat
plate system can work if the extra shear capacity is addressed by using edge beams or stud
rails. The models verify the hand calculations as well as providing data on story deflections.
Edge beams will have to be used to stiffen the building to prevent the current excessive
deflections. An additional analysis will have to be performed to study if perimeter concrete
moment frames will be able to support NCHTNF with the addition of edge beams. In
conclusion, the concrete moment frames are a feasible lateral system to implement in NCHTNF.
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Daylighting Analysis:

A majority of the facades on NCHTNF are predominately glass systems. These exterior glass
walls promote unfavorable heating conditions, which escalates the strain on the mechanical
equipment. To solve this problem, the facade design incorporates louvers to control the sun’s
exposure to the building. This breadth focuses on analyzing the efficiency of the louvers for
different times of day and specific days of the year on the south facade of the clinic.
Additionally, a discussion about the use of sun shades instead of louvers is presented.

Daylighting a building has been a topic of discussion in the recent years with the emergence of
green building. Natural light is the most sustainable source of light for interiors, promoting
green building and high performance design. Another advantage is daylighting is a free source
of light for a building. On the contrary, daylighting is not a reliable light source. The source of
light is dependent on the time of day, season, and weather conditions. Even though this form
of lighting is cheap, it is hard to control the quantity and direction. This is why many buildings
use daylighting to supplement the electric lighting in an effort to balance the benefits and
drawbacks of each system. An additional advantage to daylighting a building, unrelated to
costs and energy savings, is positive psychological effects on the building occupants. Studies
have shown providing an exterior view from a patient’s recovery room increase their recovery
time'®. The Nemours Foundation wants a predominately glass facade building, so controlling
the daylight of the building is implemented, hence the louvers.

Initially, the sun’s path across NCHTNF
is analytically studied using an Excel
spreadsheet, found in Appendix J. The

summer and winter solstices are
Ty e | studied because they represent the

H SThAs most extreme conditions of the sun’s
y&y , angles the building experiences. The
' Excel spreadsheet calculates angles
showing where the sun’s light passes
over the building®. These sun angles
s are applied to the louver, louver
design shown in Figure 31, to
Figure 31 - Louver Detail. Courtesy SGH. determine if it blocks the sun’s light
from entering the building’s window.
Additionally, the Excel calculations are verified with a Google SketchUp model. The model,
reference Figure 32, shows the louvers adequately block the sun from the windows for only the
summer solstice. Even though heat gain might not be problematic in the winter due to solar
energy, the issue of glare requires attentions.

—

Mg

b DilLaura, David L., Kevin W. Houser, Richard G. Mistrick, and Gary R. Steffy. The Lighting Handbook Tenth Edition: Reference
and Application. New York: Illuminating Engineering Society of North America, 2011.
> Houser, Kevin. “AE 497D Daylighting Analysis.” Rome. June 15, 2011.
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Summer Solstice Winter Solstice

5PM 5PM

Figure 32 — Analysis of louvers during summer and winter solstices
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Figure 33 - Sun Shade Example. Courtesy lutron.com

Keeping with the theme of hurricane resistant design, the exterior louvers have the potential to
become windborne debris in the event of a hurricane. Instead of using this form of passive
solar shading, sun shades can be installed on the interior of the glass wall systems to block the
sun’s direct light. This eliminates any chance of the shading device becoming a windborne
element because it is completely inside the building. An added benefit to this solution is it is
more versatile with the integration of
technology. Lutron promotes an
automated shading system that adjusts its
position in regards to the position of the
sun and the intensity of the sun light, an
example is shown in Figure 33. 43% of a
building’s electricity is spent on lighting
fixtures in a health care facility, see Figure
34, which is a figure that should be strived
to be reduced. The automated shades can
be linked to the lighting system in the
building, so the light fixtures react to the
actions of the shades. If the shades rise to
allow indirect sun light into the building,
the lights automatically turn off*®. This
technologically intensive system is much
more expensive than the louvers, but the
versatility of the sun shading system has

* Source: Energy Information Administraticn, 2003 Commercial Buildngs its advantages over louvers. Addltlona”y’
Energy Consumption Survey, released September 2008, the automated sun shades are the most

Annual electricity use in office buildings®

Space heating
5%

expensive sun shade system, so cheaper

Figure 34 - Electricity Use in Office Buildings. Courtes . .
& v € v solutions are available.

lutron.com.

16 Lutron Electronics, Inc., "Lutron." Last modified 2012. Accessed March 14, 2012. http://www.lutron.com/Pages/Default.aspx.
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Building Envelope Performance Analysis:

NCHTNF predominately uses silicone structural sealant with minimal aluminum mullions as the
structural system for the glass facade. Ultimately this sealant is chosen because the architect
does not want the distinct lines aluminum mullions create in the design of the exterior of the
building. This analysis studies the multiple advantages and disadvantages of using a silicone
structural sealant versus a urethane sealant or aluminum mullions. Additionally an underlying
theme of constructing a facade is quality control, involving various forms of testing procedures.
The testing procedures of silicone structural sealant used in the field and warehouse are
outlined and compared to those of aluminum mullions. Finally, an aluminum mullion design is
presented as a substitution to the existing silicone structural sealant.

Comparison of Sealants and Mullions:

Structural sealant typically lasts longer than
urethane sealants in high UV exposure settings,
which are the conditions NCHTNF experiences.
Also, this sealant tends to make better bonds with
metal and glass than urethane sealants. NCHTNF’s
facades are predominately metal and glass, making
the silicone sealant much more beneficial.
Furthermore, the silicone sealants are typically
more watertight on day one, but of course
deteriorate with time. Ultimately, SGH decided to
use the silicone structural sealant for the fagade
design.

A disadvantage of any type of structural sealant is
the detailed testing procedure. Structural sealant
requires a probe test, specifically ASTM C1521
Standard Practice for Evaluating Adhesion of
Installed Weatherproofing Sealant Joints. The
sealant needs to be fully cured before it is tested,
details concerning the testing process will be
Figure 35 - Performing Probing Sealant Test. Courtesy SGH  further discussed. Also, the substrate has to be
completely clean and free of any debris and
construction dust to ensure a proper bond between the sealant and facade material. In
addition, this sealant naturally collects more dirt than aluminum mullions and looks dirtier over
time. Also, sealants typically have a lifespan of 10-20 years. Tremco, the sealant manufacturer,
does not provide any warranties for the sealant installed on NCHTNF. Aluminum mullions last
longer than 10-20 years and do not require nearly as much maintenance. Finally, structural
sealant systems tend to be more expensive than aluminum mullions designs.
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Figure 36 - Sealant Curing on Paper. Courtesy SGH. Figure 37 - Example of a Cup Test. Courtesy SGH.

Structural sealant requires a sealant probe test, ASTM C1521 Standard Practice for Evaluating
Adhesion of Installed Weatherproofing Sealant Joints. This test requires testing every inch of
the sealant. Before the test is performed, the sealant needs to be completely cured, which
effects the installation schedule. Figure 35 shows a worker probing the sealant joint between
the precast panels. It is extremely important for the substrate to be clean and free of any
debris and construction dust because otherwise the sealant will fail.

As another method of quality control, Trainor, the facade manufacturer, implements simple
sealant tests in the warehouse. The first test is placing a swatch of sealant on a piece of paper
and allowing it to cure, see Figure 36. If the oils bleed out or the sealant never cures, the
sealant has failed and a new batch needs to be made. An additional test to ensure quality
control is the cup test, example shown in Figure 37. A popsicle stick is pushed into a cup full of
sealant. After the sealant has cured, the popsicle stick is pulled out of the sealant. If the
popsicle stick pulls out of the sealant, the sealant fails. The point of these two tests is simplicity
in performance and the results are easily understood, so the factory workers can readily
determine if the sealant is to a standard of installation.
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NCHTNF Current Fagade:

The current facade of NCHTNF uses a dual sealant waterproofing system with silicone structural
sealant. Simpson Gumpertz & Heger perform the sealant probe test of the building, which is
comprised of testing both interior and exterior sealant joints throughout every inch of the
building facade. This system is chosen largely due to aesthetic reasons, but this structural
sealant is just as capable of waterproofing a building as aluminum mullions.

Seeing as how waterproofing is not an issue between using structural sealant versus aluminum
mullions, the aluminum mullions are being designed to be compared for cost differences in this
analysis. As mentioned before, the silicone structural sealant is more expensive and requires
detailed testing to assure quality control. Aluminum mullions do not require a complicated
installation and are cheaper, thus aluminum mullions should be implemented instead of
structural sealant. The wind loading on the building results in an 8mm thick aluminum mullion,
calculations can be found in Appendix K.

Graduate Course Integration:

The thesis topic chosen directly uses knowledge gained in two graduate level courses. NCHTNF
is modeled and analyzed in ETABS, which reflects the course theme from AE 597A, Computer
Modeling of Buildings. This model is used to evaluate the building under lateral and gravity
loads. The Building Enclosure Study includes material learned from AE 542, Building Enclosure
Science and Design. Specifically, designing aluminum mullions and learning about facade
products is covered in this class, which is applied to the fagade study.
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Final Summary:

The overall design goal of this thesis is met by designing a lateral system that creates a more
flexible floor plan layout. A complicated design process filled with smaller studies leads to this
overall conclusion. Summaries of each smaller study are presented below:

First, this report studies the feasibility of concrete moment frames for the current 157 mph
design wind speed and the code minimum 110 mph design speed. The transfer of moment
between the column and slab fails for the first three floors of NCHTNF using the 157 mph.
Thus, it is determined the existing lateral system consisting of shear walls is much more
sufficient than concrete moment frames. The 110 mph design yields a few places that fail with
the moment transfer at the slab-column connection. It is determined that edge beams need to
be employed to mitigate the shear failures at the slab-column connections and stiffen the
building to control the excessive deflections. The deflections are determined to be an issue
using the ETABS model.

Additionally, wind data is studied to determine if the 157 mph wind speed is necessary to
design to for the building to be an area of refuge in the event of a large scale hurricane in
Orlando. The maximum wind speeds in Orland for the past 56 years have only peaked at 79
mph, so it is fair to say the code minimum value of 110 mph is a valid design value. NCHTNF
should never see 157 mph because the hurricane’s wind speeds have usually diminished
significantly once they are that far inland.

Also, the fagade’s sun controlling system and structural system are studied. The existing
louvers adequately shade the building in the summer, but not in the winter. This creates issues
for glare and unwanted extreme heating conditions. Automatic sun shades are presented as a
solution to the louvers. This new design will also remove the need for the louvers, which can
become windborne debris in a hurricane event. In addition to this lighting study, the structural
design of the fagade is studied. The main focus is determining which system will perform better
during a hurricane. It is determined that although both the sealant and mullion systems are
both equivalent in waterproofing, the aluminum mullions are a cheaper design option.

In summary, the concrete moment frames are a feasible lateral design for NCHTNF if edge
beams are implemented to mitigate the excessive shear transfer and building deflection. The
thesis design can be classified as successful because the initial design goals were met:

- The amount of useable space per floor is not decreased

- Drop panels are eliminated from the slab design

- Concrete moment frames are found feasible by hand, Structure Point, SAP, and ETABS

- Facade is analyzed and suggestions are presented to give it the ability to withstand a
hurricane better.
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Appendix A: 110 mph Wind Load Calculation
A.1 Wind Pressures

Table A.1-1 Hospital North-South Wind Calculations
North - South Hospital (MWFRS)

Floor Elevation  z  k, q, qpn |Windward(psf) Leeward (psf) Trib. Area (ftz) Force (k)

Ground 89.1 0 | 085 |25.74|40.88 12.35 -9.50 2137.5 47
1 104.1 15 | 0.85 [25.74|40.88 12.35 -9,50 5343.75 117
2 126.6 37.5 | 1.025)|31.04| 40.88 14.90 -9.50 5343.75 130
3 141.6 52,5 | 1.1 |33.31|40.88 15.99 -9,50 4275 109
4 156.6 67.5 | 1.16 |35.12| 40.88 16.86 -9.50 4275 113
5 171.6 82.5 | 1.22 |36.94| 40.88 17.73 -9,50 4275 116
6 186.6 97.5 | 1.26 | 38.15| 40.88 1831 -9.50 4275 119
Penthouse 2016  [112.5] 1.29 [39.06 | 40.88 18.75 -9,50 5343.75 151
Roof 224.1 135 | 1.35 [40.88 40.88 19.62 -9,50 3206.25 93

OF 995

Overturning Moment (k*ft) 134000

Table A.1-2 Hospital East-West Wind Calculations
East - West Hospital (MWFRS)

Floor Elevation  z  k, q, qpn |Windward(psf) Leeward (psf) Trib. Area (ftz) Force (k)

Ground 89.1 0 | 085 |25.74|40.88 12.64 -9.79 1125 25
1 104.1 15 | 0.85 [25.74|40.88 12.64 -9.79 2812.5 63
2 126.6 37.5 | 1.025)|31.04| 40.88 15.24 -9.79 2812.5 70
3 141.6 52,5 | 1.1 |33.31|40.88 16.36 -9.79 2250 59
4 156.6 67.5 | 1.16 |35.12| 40.88 17.25 -9.79 2250 61
5 171.6 82,5 | 1.22 |36.94| 40.88 18.15 -9.79 2250 63
6 186.6 97.5 | 1.26 |38.1540.88 18.74 -9.79 2250 64
Penthouse 2016  [112.5] 1.29 [39.06 | 40.88 19.19 -9.79 2812.5 82
Roof 224.1 135 | 1.35 [40.88|40.88 20.08 -9.79 1687.5 50

JF 537

Overturning Moment (k*ft) 72500
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Table A.1-3 Clinic North-South Wind Calculations
North - South Clinic (MWFRS)

Floor Elevation | z |k, | q, qp | Windward(psf) Leeward (psf) Trib. Area (ft?)
Ground 89.1 0 |o085|2574|40.88 12.35 -9.50 1830 40
1 104.1 15 | 0.85 [25.74]40.88 12.35 -9.50 4575 100
2 126.6 37.5 | 1.025|31.04 | 40.88 14.90 -9.50 4575 112
3 141.6 52,5 | 1.1 |33.31]40.88 15.99 -9.50 3660 93
4 156.6 67.5 | 1.16 |35.12|40.88 16.86 -9.50 3660 97
5 171.6 82.5 | 1.22 |36.94|40.88 17.73 -9.50 3660 100
6 186.6 97.5 | 1.26 |38.15|40.88 18.31 -9.50 3660 102
Penthouse 201.6 112.5( 1.29 [39.06(40.88 18.75 -9.50 4575 129
Roof 224.1 135 | 1.35 [40.88|40.88 19.62 -9.50 2745 80
SF 852
Overturning Moment (k*ft) 115000

Table A.1-4 Clinic East-West Wind Calculations
East - West Clinic (MWEFRS)

Floor Elevation | z |k, | g, qp | Windward(psf) Leeward (psf) Trib. Area (ftz) Force (k)
Ground 89.1 0 | 0.85|25.74|40.88 12.64 -9.79 675 15
1 104.1 15 | 0.85 | 25.74|40.88 12.64 -9.79 1687.5 38
2 126.6 37.5 | 1.025|31.04|40.88 15.24 -9.79 1687.5 42
3 141.6 52.5 | 1.1 [33.31|40.88 16.36 -9.79 1350 35
4 156.6 67.5 | 1.16 |35.12|40.88 17.25 -9.79 1350 37
5 171.6 82.5 | 1.22 |36.94|40.88 18.15 -9.79 1350 38
6 186.6 97.5 | 1.26 |38.15|40.88 18.74 -9.79 1350 39
Penthouse 201.6 | 112.5| 1.29 |39.06|40.88 19.19 -9.79 1687.5 49
Roof 224.1 135 | 1.35 |40.88|40.88 20.08 -9.79 1012.5 30
SF 322
Overturning Moment (k*ft) 43500
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Appendix B: Portal Method Analysis
B.1 Hand Calculation
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B.2 Hospital (N-S) 157mph

story force (k) height (ft)
24| 225
62 15
3 15
1 15
151] 15
179 15
212 25
) | &
30 30 30 30 30 30 30 30 30 30 width(ft)
sum
dist. of forces 1 2 2 2 2 2 2 18 1 0.1 159

24| | | | | | | | moment (A) | 168 |ft-k|moment(B) | 336 ft-klmoment(c) 336 |ft-k|moment (D) | 33.6 |ft-kjmoment(E) | 336 ft-klmoment(F) 33.6 ft-klmoment(G) 336 |ft-k|moment(H) | 302 |ft-k
A 8 C D £ F 6 H axial (A) 11 [k Jaxial(8) 00 [k fadal( 00 [k [axial(0) 00 [k [adal(g) 00 [k [avial(p) 00 [k [axial(g) 00 [k Jaxial () 20 [
shear (A) 15 |k [shear(B) 30 |k |shear(C) 30 |k [shear(D) 30 |k [shear(E) 30 |k |shear(F) 30 |k |shear(G) 30 |k [shear(H) 27 |k
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BC BD BE BF BG BH Bl B BK BL shear (BC) 39.6 |k [shear(BD) 793 |k |shear(BE) 793 |k |[shear(BF) 793 |k [shear(BG) 793 |k [shear(BH) 793 |k |shear(BI) 793 |k |[shear(B)) 713 |k |shear(BK) 396 |k [shear(BL) 40 |k

BC BD BE BF BG BH Bl Bl BK BL

| e | oex | e | e | e | oex | e | o | oex | moment (BN) [ 5958 [ft-k[moment (80) [ 1191.5 [rt-k [moment (8P)] 12915 [ft-k[moment (] 11915 [ft-k|moment (BR) [ 11915 [ft-k[moment (8S) [ 11915 [rt-k moment (BT) | 11915 [ft-k|moment (BU)[ 10724 [ft-k[moment (8v) [ 5958 [ft-k[moment (W] 596 [ft-k[moment (eX)[ 6522 [tk
it | | | | | | | | | aial BN) | 1030 [k laxialBo) | 00 |k Jaial(ep) | 00 [k [wialB) | 00 [k [asial(eR) [ 00 [k [axial (8s) 00 [k loxale) | 00 [k a8 [ 00 |k [adal(ev) | 00 [k faxalew) [ 404 [k
BN BO BP BQ BR BS BT BU BV BW shear (BN) 530 |k [shear(BO) 1059 |k |shear(BP) 1059 |k [shear(BQ) | 1059 [k [shear(BR) 1059 |k |shear(BS) 1059 |k |shear(BT) 1059 [k [shear(BU) %53 |k |shear(BV) 530 |k |shear[BW) 53 |k

BN BO 8  BQ B B BT BU B  BW
w o |lololaololao]laol ol ol moment (BY) | 5111 [ft-k[moment (82) | 10223 [ft-k[moment (cA] 10223 [ftk[moment (cB)] 1022.3 [ft-x]moment(cC)[ 10223 [ft-k[moment (cD) | 10223 [ft-k [moment (cE) | 1022.3 [ft-k[moment (cF) [ 920 [ft-k[moment(ce) [ 5112 [ftk[moment (cH)] 514 [ftk[moment(c) | 514 [ftk]moment ()] 11069 [k
2 | | | | | | | | | | axial (8Y) [ 772 |k axial 87) 00 |k [axalca) | 00 [k [avial(ce) [ 00 [« [axialic) | 00 [k faxalico) | 00 [k [asialicl [ 00 Jk [axial(cH | 00 [k [axalic) [ 00 [k [aialict | 00 ]k [axial(c) 34|k

BY BZ CA (8 cC ()] CE CF (G CH cl shear (BY) 68.2 |k [shear(BZ) 1363 |k |shear(CA) 1363 |k [shear(CB) 1363 [k |[shear(CC) 1363 |k |[shear(CD) 1363 |k [shear (CE) 1363 [k [shear(CF) 1227 |k |shear(CG) 68.2 |k [shear(CH) 68 |k |shear(CI) 6.8

=
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Nemours Children’s Hospital as a part of The Nemours Foundation

Caitlin Behm

Structural Option

B.3 Hospital (E-W) 157mph

story force (k) height (ft)
17 22.5
45 15
67 15
89 15
110 15
130 15
154 22.5
176 15
30 30 30 30 30 30 width (ft)
sum
dist. of forces 0.2 0.4 0.4 0.8 1 2 4.8
Grid 19 (E-W Hospital)
17 | moment (A) 32.4 |ft-k[moment (B) 40.5 |ft-k [moment (C) 81.0 |ft-k |moment (D) 81.0 |ft-k
A B C D axial (A) 2.2 |k |axial (B) 0.0 [k |axial (C) 0.0 |k [|axial(D) 54 |k
shear (A) 29 |k |[shear(B) 3.6 |k [shear(C) 7.2 |k |[shear(D) 7.2 |k
A B C D
17 J J J | moment (E) 78.2 |ft-k|moment (F) 97.7 [ft-k|[moment (G) 195.5 |ft-k [moment (H) 195.5 |ft-k [moment (J) 110.6 |ft-k
45 | axial (E) 14.7 |k |axial (F) 0.0 |k [axial (G) 0.0 |k [|axial (H) 258 |k
E F G H shear (E) 104 |k |shear(F) 13.0 |k [shear(G) 26.1 |k [shear(H) 26.1 |k
E F G H
45 P P [ | moment (K) 162.3 |ft-k|moment (L) 202.8 |ft-k [moment (M) | 405.7 [ft-k|moment (N) 405.7 |ft-k |moment (P) 240.5 |ft-k
67 | axial (K) 321 |k |axial (L) 0.0 |k [|axial (M) 0.0 |k Jaxial (N) 56.1 |k
K L M N shear (K) 21.6 |k [shear(L) 27.0 |k |shear (M) 54.1 |k |[shear(N) 54.1 |k
K L M N
67 U U U | moment (Q) 273.3 |ft-k [moment (R) 341.6 |ft-k [moment (S) 683.2 |ft-k [moment (T) 683.2 |ft-k [moment (U) 435.6 |ft-k
89 | axial (Q) 58.1 |k [axial (R) 0.0 [k |axial (S) 0.0 |k [axial(T) 101.6 |k
Q R S T shear (Q) 36.4 |k |shear(R) 45.5 [k |shear(S) 911 [k |[shear(T) 91.1 |k
Q R S T
89 YA YA Z | moment (V) | 410.5 |ft-k|moment(W) | 513.1 |ft-k|moment(X) | 1026.1 |ft-k|moment (Y) 1026.1 [ft-k [moment (Z) 683.8 |[ft-k
110 | axial (V) 91.2 |k [axial (W) 0.0 [k |axial (X) 0.0 |k Jaxial(Y) 159.5 |k
\Y w X Y shear (V) 54.7 |k |shear (W) 68.4 [k [shear(X) 136.8 |k |[shear(Y) 136.8 |k
Vv W X Y
110 AH AH AH | moment (AA)| 2.5 |ft-k[moment (AB) 5.1 |ft-k|moment (AC)| 5.1 |[ft-k|moment(AD)| 572.8 |ft-k[moment(AE)| 716.1 |ft-k[moment(AF)| 1432.1 |ft-k [moment (AG) | 1432.1 |ft-kmoment (AH) | 983.3 |ft-k
130| | axial (AA) 0.2 |k |axial (AB) 0.0 |k |axial (AC) 0.0 |k |axial (AD) 0.0 |k [|axial (AE) 0.0 |k |axial (AF) 0.0 |k |axial (AG) 229.4 |k
AA AB AC AD AE AF AG shear (AA) 19.1 |k |shear(AB) 38.2 |k [shear(AC) 38.2 |k [shear(AD) 76.4 |k [shear (AE) 95.5 |k [shear(AF) 190.9 |k |[shear (AG) 1909 |k
AA AB AC AD AE AF AG
130| AP AP AP AP AP AP | moment (Al) 2.3 [ft-k|[moment (A)) 4.5 |ft-k|moment (AK)[ 4.5 [ft-k[moment (AL)| 1148.2 |ft-k [moment (AM)| 1435.2 [ft-k[moment (AN)| 2870.5 [ft-k [moment (AQ) [ 2870.5 [ft-k[moment (AP) | 1721.0 |ft-k
154| | axial (Al) 1151 |k [axial (A) 00 |k |axial (AK) 0.0 [k [axial (AL) 00 |k [axial (AM) 00 [k [axial (AN) 00 |k [axial (AO) 4016 |k
Al A) AK AL AM AN AO shear (Al) 25.5 |k [shear(A)) 51.0 |k [shear(AK) 51.0 |k [shear(AL) 102.1 |k [shear (AM) 127.6 |k |[shear (AN) 255.2 |k [shear (AO) 255.2 |k
Al Al AK AL AM AN AO
154| AX AX AX AX AX AX | moment (AQ)| 4.4 |[ft-k|moment (AR) 8.8 [ft-k|moment (AS) 8.8 [ft-k|moment (AT)[ 985.1 [ft-k|moment (AU)| 1231.4 |ft-k[moment (AV)| 2462.8 [ft-k|moment (AW)| 2462.8 |ft-k|moment (AX) [ 2133.3 |ft-k
176| | axial (AQ) 142.7 |k [axial (AR) 0.0 |k [axial (AS) 0.0 |k [axial (AT) 0.0 |k [axial (AU) 0.0 |k |axial (AV) 0.0 |k J|axial (AW) 497.8 |k
AQ AR AS AT AU AV AW shear (AQ) 32.8 |k |[shear(AR) 65.7 |k |shear (AS) 65.7 |k |shear(AT) 131.3 |k |shear(AU) 164.2 |k |shear(AV) 328.4 |k |shear (AW) 328.4 |k
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Caitlin Behm
Structural Option

Nemours Children’s Hospital as a part of The Nemours Foundation

B.4 Clinic (N-S) 157mph

story force (k) height (ft)
18 225
47 15
70 15
93 15
115 15
136 15
161 225
184 15
30 30 30 width (ft)
sum
dist. of forces 1 2 2 1 6
Grid N (N-S Clinic)

18, | | | moment (A) 34.0 [ft-k|moment (B) 67.9 [ft-k [moment (C) 67.9 [ft-k [moment (D) 34.0 [ft-k

A B C D axial (A) 2.3 |k [|axial (B) 0.0 [k [axial (C) 0.0 [k [axial (D) 23 |k

shear (A) 3.0 |k |[shear(B) 6.0 |k |shear(C) 6.0 |k |shear(D) 3.0 [k

A B C D
i 0 | ] moment (E) | 818 [ft-k|moment(F) | 163.6 |ft-k |moment(G) | 163.6 |ft-k|moment(H) | 818 |ft-k|moment()) | 115.8|ft-k
47| | | | axial (E) 7.7 |k |axial (F) 0.0 [k [axial(G) 0.0 [k [axial (H) 77 |k

E F G H shear (E) 10.9 |k |shear(F) 21.8 |k [shear(G) 21.8 |k [shear(H) 10.9 |k

E F G H
gl p | p | P | moment (K) | 169.7 [ft-k|moment (L) | 339.4 [ft-k [moment(M) | 339.4 |ft-k|moment (N) | 169.7 |ft-k|moment(P) | 25L5[ft-k
70| | | | axial (K) 16.8 |k [axial (1) 0.0[k [axial (M) olk [axial (N) 16.8 |k

K L M N shear (K) 22.6 |k |shear(L) 45.3 |k |shear (M) 45.3 |k [shear(N) 22.6 |k

K L M N
70| 8] | U | U | moment (Q) | 285.8 |ft-k |moment (R) 571.7 |ft-k |moment (S) 571.7 |[ft-k [moment (T) 285.8 [ft-k |[moment (U) | 455.56|ft-k
93| | | | axial (Q) 304 |k [axial (R) 0.0[k _[axial (5) ok [axial (1) 304 |k

Q R N T shear (Q) 38.1 |k |shear(R) 76.2 |k |shear (S) 76.2 |k [shear(T) 38.1 |k

Q R s T
sl z | z | z | moment (V) | 429.3 [ft-k|moment (W) | 858.6 |ft-k [moment (X) | 858.6 |ft-k|moment(Y) | 429.3 |ft-k|moment(z) | 715.14]ft-k
115| | | | axial (V) 477 |k [axial (W) 0.0k [axial (x) olk [axial (V) 477 |k

\Y w X Y shear (V) 57.2 |k [shear (W) 114.5 |k |shear (X) 114.5 |k |shear(Y) 57.2 |k

v w X Y
us| Ae | A | ae | moment (AA) | 599.2 [ft-k [moment (AB) | 1198.3 [ft-k [moment (AC) | 1198.3 [ft-k |moment (AD) | 599.2 |ft-k [moment (AE) | 1028.5[ft-k
136| | | | axial (AA) 68.6 |k |axial (AB) 0.0[k [axial (AC) ok [axial (AD) 68.6 |k

AA AB AC AD shear (AA) 79.9 |k |shear(AB) 159.8 |k [shear (AC) 159.8 |k [shear (AD) 79.9 |k

AA AB AC AD
Bl A& | oA | A moment (AF) | 1200.8 [ft-k [moment (AG) | 24017 [ft-k [moment (AH) | 2401.7 [ft-k [moment (A1) | 1200.8 [ft-k [moment (AJ)) | 1800[ft-k
161 | | | axial (AF) 120.0 [k [axial (AG) 0.0[k [axial (AH) olk [axial (Al) 120.0 [k

AF AG AH Al shear (AF) 106.7 |k |shear (AG) 213.5 |k |shear (AH) 213.5 |k |shear (Al) 106.7 |k

AF AG AH Al
161 A0 | a0 | Ao | moment (AK) | 1030.3 [ft-k [moment (AL) | 2060.6 [ft-k [moment (AM) | 2060.6 [ft-k [moment (AN) | 1030.3 [ft-k [moment (A0) | 2231.1]ft-k
184 | | | axial (AK) 148.7 [k [axial (AL) 0.0k [axial (AMm) ok [axial (AN) 148.7 |k

AK AL AM AN shear (AK) 137.4 |k |shear (AL) 274.7 |k |shear (AM) 274.7 |k |shear (AN) 137.4 |k
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Caitlin Behm
Structural Option

Nemours Children’s Hospital as a part of The Nemours Foundation

B.5 Clinic (E-W) 157mph

story force (k) height (ft)
i} 05
107 15
159 15
29 15
29 15
306 15
33 25
414 | | =
03 0 N0 30 30 0 widh(fy)
sum
dist. of forces 0.8 2 2 2 2 1 02 0.1 10.1
Grid 10 (E-W Clinic)
4 | | | | | | moment (A) | 90.8 |ft-k|moment(B) | 90.8 |ft-k|moment(C) | 90.8 ft-k|moment(D) 90.8 |ft-k|moment(E) | 454 [ft-k|moment(F) | 454 [ftk
A B C D E F axial (A) 6.1 |k [axial (B) 00 |k [axial (C) 00 |k |axiaI(D) 00 |k [axial (E) 00 |k [axial(F) 30 |k
shear (A) 8.1 |k [shear(B) 81 |k |[shear(C) 81 |k |shear(D) 8.1 |k [shear(E) 40 |k [shear(F) 40 |k
A B C D £ f
a [ v [ v [ w [ v | v [moment(6) | 2187 [ft-k[moment () [ 2187 [rt-k[moment(s) | 2187 [ft-k[moment (k) | 2187 [ft-x|moment 1) | 1093 [ft-k]moment () [ 1093 [rt-k[moment(n) | 3095]ft-k
107 | | | | | | laxial(6) | 413 [k Jaxial () 00 [k [aial 1) 00 [k [axial (k) 00 |k [axal (1) 00 |k faxial) | 309 [k
6 H ] K L M shear(6) | 292 [k [shear(H) 192 [k shear() 292 [k [shear(k) | 202 [k [shear(t) [ 146 [k [shear(y) | 146 [k
p 6 H ] K L M
w x| x| ox x| x| [moment () | 1815 Jrtk[moment () | 1815 Jrt-k [moment (R) | 453.7 Jrt-k[moment (s) | 453.7 [re-k[moment () [ 4537 [ftk[moment () | 453.7 [ft-k[moment (v) | 226 Jre-k[moment (w) | 2269 [rt-k[moment x) | 363.0]ftk
158 | | | | | | oxalp) | 121 [k [odali) [ 484 [k [aal(R) [ 00 [k [axial(s) 00 [k [axial (7) 00 [k [axial(u) 00 [k faxal(v) [ 00 [k faxalw) | 466 [k
Q R S T U v W |shear(P) 242 |k |shear(Q) 2.2 |k |[shear(R) 60.5 |k |shear(S) 60.5 |k [shear(T) 60.5 [k [shear(U) 605 [k [shear(V) 302 [k [shear (W) 30.2 |k
Q R 3 T U v w
se o | oA | oA | oA | oA | o | [moment (¥) | 3056 [ftk[moment (2) | 764.1 [tk [moment (AA) | 764.1 [ft-k[moment (a8) | 764.1 [ft-k moment (AC) | 764 [ft-k [moment (AD)] 382.1 [t-k [moment (AE)] 382.1 [ft-k moment (aF) [ 487.1 [ft-k
| | | | | | | [axial (v 5.0 [k [axial (2) 00 |k [axial (A8) 00 |k [axial (AB) 00 [k [axial(ag | 00 [k Jaxalan) [ 00 [k [adal(ag) | 71 [k
Y Z AA AB AC AD AE |shear(Y) 408 |k |shear(2) 1019 [k [shear (AA) 1019 |k |[shear(AB) 1019 [k |shear(AC) 1019 [k [shear (AD) 509 [k |shear(AE) 509 |k
Y z M A AC AD AE
wo an | o o o | o [moment (AG)] 459.1 [ft-k]moment (AH)] 1147.6 [ft-k moment (A1) [ 12476 [ft-k moment (&) | 1247.6 ft-k [moment (AK) [ 1247.6 [tk [moment (1) [ 573.8 [f-k[moment (AM] 573.8 [rt-k[moment (an) [ 7647 itk
| | | | | | | [axial (46) | 1000 [k Jaxial(an) | 00 [k ol (A1) 00 [k [axial (A) 00 [k [axial(ak) | 00 [k Jaxiala) [ 00 [k [acal(am | 147k
AG AH Al A AK AL AM |shear(AG) 612 |k |shear(AH) 153.0 |k  [shear (Al) 153.0 |k |[shear(AJ) 153.0 [k |shear(AK) 153.0 [k [shear(AL) 765 |k [shear(AM) | 765 |k
A M A A A AL AM
sy av | oav | o | o o [moment (A0)] 6407 [ft-k[moment (AP)] 16017 [f-k [moment (AQ)[ 26017 [ft-k[moment (AR) | 16027 [ft-k [moment (AS) | 16017 [ft-k [moment (AT)| 800.9 [ft-k [moment (AUI] 8003 [ft-k|moment (av) [ 1099.8 [ft-k
05| | | | | | | [axial (A0) | 1466 [k [oxial(aP) | 00 [k [awialiaq) [ 00 [k [axialaR) | 00 [k [axial(as) | 00 [k [awial(am | 00 [k Jasial(au) | 1650 [k
A0 AP AQ AR AS AT AU |shear(A0) 854 |k |shear(AP) | 2136 |k |shear(AQ) | 2136 |k |[shear(AR) 2136 |k |shear(AS) 2136 [k |[shear(AT) | 1068 |k |[shear(AU) | 106.8 |k
A AP AQ MR A AT AU
36 8 | 8 | s | 80 | 80 | 80 | moment (AW] 1284 itk [moment (4)[ 3210.1 [ft-k[moment (aY) | 3210.1 [ft-k[moment (Az) [ 32101 ft-k [moment (84) | 32102 [t-k[moment 88}  1605.1 [ft-k[moment (B¢) | 1605.1 [ft-k [moment (BD) | 1924.8 [ft-&
363 | | | | | | avial (AW) | 25656 [k Javial () | 00 [k [aial(a) | 00 [k [aial(a) | 00 [k [acalea) | 00 |k [ovial(se) | 00 [k [asial(gc) [ 2887 [k
AW AX AY AZ BA BB BC shear (AW) | 114.1 |k [shear(AX) | 2853 [k [shear(AY) 2853 |k [shear(AZ) 2853 |k |shear(BA) 2853 |k [shear(BB) | 142.7 |k |shear(BC) | 142.7 |k
AW AX A Az BA BB BC
3 e | e | e | e | o | B | [moment (86) ] 11017 [ft-k [moment (8#) 27542 [ft-k [moment (B1) | 2754.2 [ft-k[moment (81) | 2754.2 [ft- moment (BK) | 2752 [ft-k [moment (8L | 1377.1 [t-k [moment (BMJ 1377.1 [ft-k[moment (8N) | 137.7 itk |moment(80)] 137.7 [ft-k|moment (BP)] 23857 [ftk
414 | | | | | | | | [axial (86) | 3181 [k Jaxial(sn) [ 00 [k [adal(8) 00 [k [axial (8)) 00 [k [axial (8K) 00 [k faxial(3) | 00 [k [axalem) [ 00 [k Jaxial(an) 00 |k [axial (80) | 1682 [k
BG BH Bl B BK BL BM BN BO |shear(BG) 146.9 |k [shear (BH) | 367.2 |k |shear(BI) 367.2 |k |shear(B)) 367.2 |k |shear(BK) 367.2 |k [shear (BL) 1836 |k |shear(BM) 183.6 [k [shear (BN) 184 |k |shear(BO) 184 |k
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Caitlin Behm
Structural Option

Nemours Children’s Hospital as a part of The Nemours Foundation

B.6 Hospital (N-S) 110mph

story force (k) height (ft)
1) 05
3 15
1 15
60 15
7 15
8 15
104 05
119 | ©
3 3 N P 030 30 0 0 widh(f)
sum
dist. of forces 1 2 2 2 2 2 2 18 1 0.1 159
Grid E (N-S Hospital)
1| | | | | | | | [moment(n) | 82 lftk|moment(8) | 165 ftk|moment(c) | 165 [ftk|moment(n) [ 165 [it[moment(e) [ 165 [ftk[moment() [ 165 [ftk[moment(s) | 165 [ftk|moment(r) [ 148 [tk
A B C D 3 F G H |axiaI(A) 05 |k |axial (B) 00 |k [axial (C) 00 |k [axial(D) 00 |k |axiaI(E) 00 |k [axial(F) 00 |k |axial (G) 00 |k [axial (H) 10 |k
|shear(A) 0.7 |k |[shear(B) 15 |k |[shear(C) 15 |k [shear(D) 15 |k |shear(E) 15 |k [shear(F) 15 |k |shear(G) 15 |k [shear(H) 13 |k
A B C D E F 6 H
12| U | U | U | U | Y | Y | U | |moment(J) 199 [ft-k[moment(K) | 397 ft-k|m0ment(L) 39.7 _|[ft-k|moment (M) | 39.7 ft-k|moment(N) 30.7 |[ftk|moment(P) | 39.7 [ft-kjmoment(Q) | 39.7 [ft-kjmoment(R) [ 358 ft-k|moment(S) 19.9 ft-k|moment(T) 20 |[ftk|moment(U) | 281 [ft-k
Eil | | | | | | | | | [axial (1) 37|k Jaxial (k) 00|k [axal(y 00 [k [adal) [ 00 Jc [axal(n 00|k [axal p) 00|k [axal(@ 00 |k [axal R) 00|k _[axal() 00 [k [axial(m 01k
J K L M N p Q R S T |shear(J) 26 |k [shear(K) 53 |k |shear(L) 53 |k [shear(M) 53 |k |shear(N) 53 |k [shear(P) 53 |k [shear(Q) 53 |k |[shear(R) 48 |k |shear(5) 26 |k |shear(T) 03 |k
] K L M N P Q R 5 T
al oA | oA | oA | o | o | o | o | o | | [moment(v) | 413 [ftk[moment(w) | 825 Trt-k[moment(x) | 825 [ft-k[moment(v) | 825 [rt-k[moment(z) | 825 [ftk[moment(aa)] 825 [ft-k[moment(aB)] 825 [ft-k[moment(ac)] 743 Jr-k]moment(an)] 413 [ftkmoment(a6)] 41 Trek[moment(ar)] 450 [ftk
I | | | | | | | | | [axial (v) 71 [k faxial(w) 00 [k [aalon | 00 [k [adalty 00 |k [aval(@ 00 [k [adalin) | 00 [k [odaliag) [ 00 fk faxalag | 00 [k [wialan) | 00 [ [l [ 34
v W X ¥ i M A AC AD AE [shear (V) 55 |k [shear(w) 110 [k [shear(x) | 120 [k [shear(y) 110k [shear(z) 110 [k [shear(at) [ 120 [k [shear(aB) | 110 [k [shear(pq) [ 99 [k [shear(ad) [ 55 [k [shear(ar) | 06 [k

v w X \ z AA AB AC AD AE

s aa | s | na | s | A | A | A | a | aa | [moment(a6)] 695 [ft-k[moment (AH)[ 1390 [rt-k[moment(an)] 1390 [ft-k[moment (a)] 1380 Jrt-k]moment(ak)] 1390 ft-k[moment(at) | 1390 [ft-k[moment (aM] 1380 Jft-k[moment (AN)] 1251 Jr-k[moment(a0)] 695 [ftkmoment (ap)] 7.0 [rek[moment(aq] 766 [ftk
60| | | | | | | | | | [aoxial(a6) [ 125 [k Jaxal(a) | 00 [k [adal) | 00 [k Jadalian [ 00 Jk faxala | 00 [k Jedala) | 00 [ faxal(am | 00 [k [adalian) [ 00 Jk [aal(ao) [ 00 [k [axaliar | 58 [k
AG AH Al A AK AL AM AN AO AP |shear(AG) 93 |k [shear(AH) 185 |k [shear (Al) 185 [k [shear(A) 185 |k |shear(AK) 185 |k [shear(AL) 185 |k [shear(AM) 185 |k [shear(AN) 167 |k |shear(A0) 93 |k |shear(AP) 09 |k

AG AH Al A AK AL AM AN AO AP

6| 5 | s | s | s | s | s | 88 | 88 | &8 | [moment (AR} [ 1044 [ft-K]moment (1) | 2088 [ft-k[moment(aT] 2088 [t-k[moment (U] 2088 [it-x[moment(av)] 2088 [rtk[moment (AW 2088 rt-k[moment (x)] 2088 [rt-k[moment(av)[ 1880 [ft-k]moment(az) [ 1044 [ft-k[moment(8)] 104 [re-kmoment(ss)] 1169 [k
| | | | | | | | | | [aoxial (AR) [ 194 [k Jaxal(as) | 00 [k [adalan | 00 [k [adaliay [ 00 Jk [axaltav) | 00 [k [edaliaw) | 00 J Jaxialiax) | 00 [k [adalin [ 00 Jk [aal(an | 00 [k [aaiea) | 90 [k
AR AS AT AU AV AW AX AY AZ BA |shear(AR) 139 |k [shear(AS) 218 |k |[shear (AT) 218 |k [shear(AU) 278 |k |shear(AV) 218 |k [shear (AW) 218 |k [shear (AX) 218 |k [shear(AY) 5.1 |k |shear(AZ) 139 |k |shear(BA) 14 |k

AR AS AT AU AV AW AX AY AL BA

2 o | ev | e | v | avm | v | am | v | sv | [moment (8¢) [ 1458 [ft-k]moment (80} | 2915 [ft-k[moment(8E)] 2915 [ft-k[moment (8F)[ 231.5 [ft-kmoment (86)] 2915 [t-k[moment (8H) | 291.5 Jrt-k[moment (B) | 2915 [re-kmoment (i) [ 2624 [ft-k]moment (8k) [ 1458 [ft-k[moment(8)] 146 [re-kmoment(sm] 1651 [k
%] | | | | | | | | | ol (8) [ 277 |k Jaxial(ed) | 00 [k [aale) | 00 [k [odale) [ 00 |k [axalpe) | 00 [k [odalie) | 00 [ fexialg) | 00 [k [adaley [ 00 J [aalig [ 00 [k [aaiey | 17 fk
BC BD BE BF BG BH Bl BJ BK BL |shear(BC) 194 |k [shear(BD) 389 |k [shear(BE) 389 |k [shear(BF) 389 |k |shear(BG) 389 [k |[shear(BH) 389 |k [shear(BI) 389 |k [shear(B)) 350 |k |shear(BK) 194 |k |shear(BL) 19 |k

BC BD BE BF BG BH Bl BJ BK BL

88| BX | BX | BX | BX | BX | BX | BX | BX | BX | |moment(BN) 292.1 |ft-k|moment (BO) | 584.3 |ft-k|moment (BP)| 5843 |ft-k|moment(BQ)[ 5843 ft-klmoment(BR) 584.3 |ft-k|moment (BS) | 584.3 |ft-k|moment (BT)| 5843 [ft-k|moment(BU)| 525.8 ft-klmoment(BV) 291 ft-klmoment(BW 292 |[ft-k|moment (BX)| 319.8 |ft-k
104 | | | | | | | | | [oxial(8N) | 505 [k [axial(80) 00 |k faxalgr) | 00 [k faxalpa) [ 00 [k [adial(8R) 00 |k Jaxial(BS) 00 |k axial(B7) 00 |k Jaxial(BY) 00 |k [axial BY) 00 [k [axalpw) | 242
BN BO BP BQ BR BS BT BU BV BW |shear(BN) 260 [k |shear(BO) 519 |k |[shear(BP) 519 [k [shear(BQ) 519 |k |shear(BR) 519 [k |[shear(BS) 519 |k |[shear(BT) 519 [k [shear(BU) 46.7 |k |shear(BV) 260 |k |shear(BW] 26 |k

=~

104| o] | o] | o] | o] | o] | o] | o] | o] | o] | |moment(BY) 250.6 |ft-k|moment(BZ) | 5013 ft-klmoment(CA) 5013 |ft-k|moment (CB)| 5013 ft-klmoment(CC) 5013 |ft-k|moment (CD) | 5013 ft-klmoment(CE) 5013 ft-klmoment(CF) 451.2 ft-klmoment(CG) 250.6 ft-klmoment(CH) 25.1 ft-klmoment(CI) 251 |ft-k|moment(C))| 5428 [ft-k
119 | | | | | | | | | | [axial (8Y) 379 axial (B2) 00 [k [axalica) [ 00 axial (CB) 00 |k [axial(c) 00 |k [axial(cD) 00 |k [axial(c) 00 |k [axal(cp) 00 |k [axial (cg) 00 [k Jaxial (cH) 00 |k [axial(c) 17 |k
& & o @ c o & ¢ 6 o o |hear(sy) | 334 [k [shear(s) | 668 [« [shear(c) | 668 [k [shear(cB) | 668 |k [shear(c) [ 668 [k [shear(cd) | 668 [k [shear(c) | 668 [k [shear(cr) | 602 [k [shearice) | 334 [k [shear(c) | 33 Jk [shear(c) | 33

=~
=

=
=
=
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B.7 Hospital (E-W) 110mph

story force (k) height (ft)
8 22.5
22 15
33 15
44 15
54 15
64 15
76 22.5
86 15
30 30 30 30 30 30 width (ft)
sum
dist. of forces 0.2 0.4 0.4 0.8 1 2 4.8

Grid 19 (E-W Hospital)

8 | | | moment (A) 15.9 |[ft-k|moment (B) 19.8 |ft-k |[moment (C) 39.6 |ft-k[moment (D) 39.6 |ft-k
A B C D axial (A) 1.1 |k Jaxial (B) 0.0 |k [axial (C) 0.0 |k J|axial (D) 26 |k
shear (A) 1.4 |k [shear(B) 1.8 |k |shear(C) 3.5 |k |shear(D) 3.5 k
A B C D
8 | J | J | J | moment (E) 38.3 |ft-k|moment (F) 47.9 |ft-k [moment (G) 95.7 |ft-k [moment (H) 95.7 |ft-k [moment (J) 54.1 |ft-k
2 | | | | axial (E) 72 [k |axial (F) 00 [k [axial(G) 00 [k [axial (H) 126 |k
E F G H shear (E) 5.1 |k |[shear(F) 6.4 |k |shear(G) 12.8 |k [shear(H) 12.8 |k
E F G H
22 | P | P | P | moment (K) 79.5 |ft-k|moment (L) 99.4 |ft-k [moment (M) 198.9 [ft-k|moment (N) 198.9 [ft-k [moment (P) 117.8 [ft-k
33 | | | | axial (K) 157 |k [axial (1) 00 [k [axial (M) 0.0 [k [axial (N) 275 |k
K L M N shear (K) 10.6 |k [shear (L) 13.3 |k [shear (M) 26.5 |k |shear(N) 26.5 |k
K L M N
33 | U | U | U | moment (Q) 134.0 |[ft-k [moment (R) 167.5 [ft-k [moment (S) 334.9 |ft-k |moment (T) 334.9 |ft-k |moment (U) 213.5 |[ft-k
44 | | | | axial (Q) 285 [k [axial (R) 00 [k _[axial () 00 [k _[axial (T) 49.8 |k
Q R S T shear (Q) 17.9 |k |shear(R) 22.3 |k |shear(S) 447 |k |shear(T) 447 |k
Q R S T
44 | z | z | z | moment (V) | 201.3 |ft-k|moment (W) | 251.6 |ft-k|moment(X) | 503.1 |ft-k|moment(Y) | 503.1 |ft-k|moment(z) | 3352 [ft-k
54 | | | | axial (V) 447 [k [axial (W) 00 |k [axial(x) 0.0 |k |axial(V) 782 |k
Vv W X Y shear (V) 26.8 |k [shear (W) 33.5 |k |[shear(X) 67.1 |k [shear(Y) 67.1 |k
Vv w X Y
54 | av | an | An | moment (AA)] 1.2 |ft-k|moment (AB)| 2.5 |ft-k|moment(AC)] 2.5 |ft-k|moment(AD)] 280.9 |ft-k|moment(AE)| 3511 |ft-k|moment(AF)| 702.3 |ft-k|moment(AG)| 702.3 |ft-k|moment (AH)| 482.2 |ft-k
64 | | | | axial (AA) 01 |k [axial (AB) 0.0 |k |axial (AC) 0.0 |k [axial (AD) 0.0 |k |axial (AE) 0.0 |k [axial (AF) 0.0 |k |axial (AG) 112.5 |k
AA AB AC AD AE AF AG shear (AA) 9.4 |k [shear(AB) 18.7 |k |shear(AC) 18.7 |k |shear(AD) 37.5 |k |[shear(AE) 46.8 |k [shear (AF) 93.6 |k [shear(AG) 93.6 |k
AA AB AC AD AE AF AG
6| ap | ap | ap | ap | ap | ap | moment (Al) | 1.1 |ft-k|moment(A)) | 22 |ft-k|moment(AK)] 2.2 [ft-k|moment(AL)| 563.0 |ft-k|moment(AM)| 703.8 |ft-k|moment (AN)| 1407.5 |ft-k|moment(AO)| 1407.5 |ft-k|moment (AP)| 843.9 |ft-k
76| | | | | | | axial (Al) 56.4 |k _[axial (A)) 00 |k [axial (AK) 0.0 [k [axial (AL) 0.0 [k [axial (AM) 00 [k _[axial (AN) 00 |k _[axial (AO) 196.9 [k
Al AJ AK AL AM AN AO shear (Al) 12.5 |k [shear(AJ) 25.0 |k [shear(AK) 25.0 |k |shear(AL) 50.0 |k [shear(AM) 62.6 |k |shear(AN) 125.1 |k [shear (AO) 125.1 |k
Al Al AK AL AM AN AO
76| AX | AX | AX | AX | AX | AX | moment (AQ) 2.1 |ft-k[moment (AR) 4.3  |ft-k [moment (AS) 4.3 |[ft-k|moment (AT)| 483.1 |[ft-k|moment (AU)| 603.8 |ft-k[moment(AV)| 1207.7 [ft-k|moment (AW)| 1207.7 |ft-k |moment (AX) [ 1046.1 |ft-k
86| | | | | | | axial (AQ) 700 [k [axial (AR) 0.0 |k [axial (AS) 0.0 [k [axial (AT) 0.0 [k [axial (AU) 00 [k [axial (Av) 0.0 |k [axial (AW) 2441 |k
AQ AR AS AT AU AV AW shear (AQ) 16.1 |k |shear(AR) 32.2 |k [shear (AS) 32.2 |k |[shear(AT) 64.4 |k |[shear(AU) 80.5 |k [shear(AV) 161.0 [k |shear (AW) 161.0 [k
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Caitlin Behm
Structural Option

B.8 Clinic (N-S) 110mph

story force (k) height (ft)
9 22.5
23 15
35 15
46 15
56, 15
67 15
79 22.5
90 15
30 30 30 width (ft)
sum
dist. of forces 1 2 2 1 6

Grid N (N-S Clinic)

9 | | | moment (A) 16.7 |ft-k [moment (B) 33.3 |ft-k |moment (C) 33.3 |ft-k |moment (D) 16.7 |ft-k

A B C D axial (A) 11 [k [axial (B) 0.0 |k [axial () 0.0 |k [axial (D) 11 |k

shear (A) 1.5 |k |shear(B) 3.0 |k [shear(C) 3.0 |k [shear(D) 1.5 |k

A B C D
9| J | J | J | moment (E) 40.1 |[ft-k [moment (F) 80.3 |ft-k |[moment (G) 80.3 |[ft-k|moment (H) 40.1 |ft-k |[moment (J) 56.8|ft-k
23| | | | axial (E) 3.8 |k [axial (F) 0.0 [k [axial (G) 0.0 [k [axial (H) 38 |k

E F G H shear (E) 5.4 |k |shear(F) 10.7 |k |shear(G) 10.7 |k |shear(H) 54 |k

E F G H
23| P | P | P | moment (K) 83.3 |ft-k|moment (L) 166.7 |[ft-k [moment (M) 166.7 [ft-k [moment (N) 83.3 |ft-k |[moment (P) 123.5]|ft-k
35 | | | axial (K) 82 [k [axial () 0.0k _[axial (M) o[k [axial (N) 82 |k

K L M N shear (K) 11.1 |k |[shear(L) 22.2 |k [shear (M) 22.2 |k [shear(N) 11.1 |k

K L M N
s u | u | u | moment (Q) | 140.4 [ft-k [moment (R) | 280.8 [ft-k[moment(S) | 280.8 [ft-k|moment (T) | 140.4 [ft-k [moment (U) | 223.75[ft-k
46| | | | axial (Q) 14.9 [k |axial (R) 0.0[k [axial (S) olk [axial (1) 149 |k

Q R S T shear (Q) 18.7 |k [shear(R) 37.4 |k |shear(S) 37.4 |k |shear(T) 18.7 |k

Q R s T
|l z | z | z | moment (V) | 211.0 |ft-k|moment (W) | 421.9 [ft-k|moment(X) | 421.9 [ft-k [moment(Y) | 211.0 |ft-k|moment(z) | 351.39[ft-k
56| | | | axial (V) 234 |k [axial (W) 0.0k _[axial (X) ok [axial () 234 |k

\% w X Y shear (V) 28.1 |k [shear (W) 56.3 |k [shear (X) 56.3 |k [shear(Y) 28.1 |k

v W X Y
se] AE | AE | A | moment (AA) | 294.4 |ft-k|moment (AB) | 588.9 |ft-k [moment (AC) | 588.9 |ft-k|moment (AD) | 294.4 |ft-k [moment (AE) | 505.42[ft-k
67| | | | axial (AA) 33.7 |k_[axial (AB) 0.0k [axial (AC) ok _[axial (AD) 337 |k

AA AB AC AD shear (AA) 39.3 |k |[shear(AB) 78.5 |k |shear (AC) 78.5 |k [shear (AD) 39.3 |k

AA AB AC AD
67| Al | AJ | Al | moment (AF) | 590.2 [ft-k|moment (AG) | 1180.4 |ft-k |moment (AH) | 1180.4 [ft-k [moment (Al) | 590.2 |ft-k |[moment (AJ) | 884.65|ft-k
79| | | | axial (AF) 50.0 [k [axial (AG) 0.0k _[axial (AH) o[k [axial (AI) 50.0 [k

AF AG AH Al shear (AF) 52.5 |k [shear (AG) 104.9 |k |[shear (AH) 104.9 |k |shear (Al) 52.5 |k

AF AG AH Al
791 a0 | Ao | Ao | moment (AK) | 506.4 [ft-k [moment (AL) | 1012.8 [ft-k [moment (AM) | 1012.8 [ft-k[moment (AN) | 506.4 [ft-k [moment (A0) | 1096.6[ft-k
90| | | | axial (AK) 731 |k [axial (AL) 0.0[k [axial (AM) ok [axial (AN) 73.1 |k

AK AL AM AN shear (AK) 67.5 |k |shear(AL) 135.0 [k [shear (AM) 135.0 [k [shear (AN) 67.5 |k
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B.9 Clinic (E-W) 110mph

story force (k) height (ft)
0 25
52 15
7 15
10 15
127 15
150 15
178 25
03 | | 5
N30 3 N0 0 30 30 widh(f)
sum
dist. of forces 0.8 2 2 2 2 1 02 0.1 10.1
Grid 10 (E-W Clinic)
0 | | | | | | [moment(a] | 446 [itk[moment(8) | 26 [ft-k|moment(c) | 446 [fik[moment(D) | 246 [fek[moment(E) | 223 Jr-kmoment(r) | 223 Jrek
A B C D 3 ; [axial (8) 30 [k [axial (8) 00 [k [axial(c) 00 [k [axial(p) 00 [k [axial(g) 00 [k axial(7) 15 Jk
|shear(A) 40 |k [shear(B) 40 |k |shear(C) 40 |k |shear(D) 40 |k |shear(E) 20 |k |shear(F) 20 |k
A B C D E F
20 | N | N | N | N | N | |moment(G) 107.3 [ft-k|moment (H) | 107.3 ft-klmoment(]) 107.3 ft-klmoment(K) 107.3 ft-klmoment(L) 537 ft-klmoment(M) 537 [ft-kmoment(N) | 15L9)ftk
5 | | | | | | [axial (6) 202 [k axial (H) 00 [k [axial() 00 [k Jaxial (k) 00 [k faxial() 00 [k Jaial) [ 152 [k
G H ] K L M [shear() | 143 [k [shear() | 143 [k [shear() 143 [k [shear(k) | 143 [ [shear() | 72 [k [sheary | 72 [k
P 6 H ] K L M
o x| x| ox [ x| [moment (p) [ 9.1 [ft-k[moment(q) | 89.1 [ft-x[moment(R) | 2228 [ft-k[moment(s) [ 222.8 [rt-k[moment(r) | 2228 [ft-k[moment (u) | 2228 -k [moment (v) [ 111.4 Jre-k[moment (w) | 1114 Jft-k[moment () | 1782tk
7| | | | | | | [axial (P) 59 [k Jaal@ [ 238 [ faal(R [ 00 [k [axil(s) 00 [k [axal(m 00 [k Jaxal(u) 00 [k faxal(v) [ 00 [k faxalw) | 229 [k
a R s T U v w [shear(p) [ 119 [k [shear(@ | 119 [k [shear®) [ 297 [k shear(s) | 207 [ Jshear(m | 207 [k Ishear(t) | 207 Tk [shear(y) | 149 [k [shearpw) | 149 [k
Q R s T U v W
oA | oA | oA | o | o] o] [moment(y) [ 1504 Jft-k[moment (z) [ 3754 [tk [moment (a&)] 3754 Jrt-k[moment (8) [ 375.4 [ft-k[moment (ac) [ 3754 [ft-k[moment (aD)] 1877 [ft-k[moment (AR)[ 187.7 [ft-k[moment (ap) | 2383 [itk
103 | | | | | | [axial (¥ 319 |k Jaxial(2) 00 [k axial (An) 00 [k Jaxial (48) 00 [k [axial(ad | 00 [k Jaxalan) [ 00 [k [axialiag) [ 39 [k
Y z M A8 AC ADAE [shear(y) | 200 Jk [shear() | 500 [k [shear(an) | 500 [k [shear(aB) | 500 [k [shear(a) [ 500 [k [shear(an) | 250 Jk [shear(ag) | 250 [k
Y z M A AC ADAE
w av | o o o | o [moment (AG)[ 225.6 [ft-k[moment (AH)[ 564.0 ft-k [moment 1) | 5640 Jrt-k[moment () | 5640 [ft-k[moment (aK) | 5640 [ft-k[moment (A1) | 282.0 [ft-k[moment (AM] 2820 [ft-k[moment(an) | 3757 [itk
| | | | | | | [aoxial(a6) | 504 [k [avial(ar) [ 00 [k Jaxial(a) 00 [k Jaxial (A1) 00 Jk [axial(ak) | 00 [k Jaxala) [ 00 [k [axialiam) [ s64 [k
A A A Al AKOAL AM shear(a6) | 304 Jk [shear(at) | 752 [k [shear(a) | 72 Jk [shear(a)) | 752 [ [shear(ak) [ 752 [k shear(a) | 37.6 [k [shear(am) | 37.6 Jk
A6 A A A A AL AM
wow [ | o [ | || [moment (0)] 3149 [ft-k[moment (AP)[ 787.1 [rt-k[moment (aq)] 7871 [ft-k]moment (48] [ 787.1 [rt-k [moment (as) [ 7871 [ft-k[moment (a7} | 3936 [ft-k moment (AU)] 393.6 [ft-k[moment (av) | 5404 -k
10| | | | | | | axial(a0) | 720 [k Javial(ar) | 00 [k laxial(aq) [ 00 Jk [asial(aR) 00 [k axial (a3) 00 [k laxial(an | 00 [k Jadal(av) | 811k
A A AL AR A AT AU [shear(a0) | 420 Jk [shear(ap) [ 1050 [k [shear(a) [ 1050 [k [shear(aR) | 1050 [k [shear(as) [ 1050 [k [shear(an) | 525 Jk [shear(ay) | 525 [k
A AP A MR A AT AU
5ol 8o | s | 8o | B0 | B0 | B0 | [moment (AW] 631.1 [tk [moment (AX)[ 1577.8 ft-k[moment (AY) | 1577.8 [ftk[moment (Az) | 1577.8 ft-k [moment (84) | 1577.8 [ft-k[moment (88 | 7889 [ft-x moment (B)] 788.9 [ft-k[moment (80) | 3460 [k
17 | | | | | | [axial (aw) [ 1260 [k Javial (%) | 00 [k Jaxial(ay) 00 [k Jaxial (a7 00 Jk [oxial(8a) | 00 [k [axales) [ 00 [k [axial(pe) [ 1419k
AW AX A AL BA BB BC [shear(aW) | 564 Jk [shear(ax) | 1402 [k [shear(aY) [ 1402 [k [shear(Az) | 140 [k [shear(3) [ 1402 [k [shear(sp) | 701 Jk [shear(sc) | 704 [k
AW A A AL BA BB BC
s e | e | s | s | e | e | [moment (86)] 5415 [ft-k moment (8H) [ 1353.7 ft-k[moment (81) | 1353.7 [ftk[moment (8) | 1353.7 ft-k[moment (K) [ 1353.7 [ft-k[moment (8L) | 6769 [ft-k|moment (8] 676.9 [tk [moment(8N) | 677 Jftk  [moment(80)] 67.7 [ft-k|moment (Bp)] 11726 [ftk
03 | | | | | | | | [axial(86) [ 1563 [k [avial(B) | 00 [k [axial(a) 00 [k Jaxial (8) 00 [k axial (8K) 00 [k laxial(a) | 00 [k Jaxalem) | 00 [k Jaxial(en) 00 |k axial(g0) [ 827 [k
BG  BH B Bl BK BL  BM BN B0 [shear(BG) | 72.2 [k [shear(8) | 1805 [k Ishear(B) [ 1805 [k [shear(8) | 1805 [k [shear(3) [ 1805 [k [shear(st) | 902 [k [shear(em) | 902 [k [shear(en) | 90 lk [shear(go) | 90 [k
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Appendix C: Moment Transfer Analysis
C.1 Hospital (N-S) 157mph

Grid E Hospital
ext. col int. col int. col ext. col
VY [123)lby/b)) v [123) b)) vl [123) by b)) VY [1(23) b))
Floor6 by Bin £l 15h Floor6 by 58in 2 15 Floor6 by Bin % 15h
b, Min b, in b, Win by
0 by n by 0
¥ 059 ¥i 048 ¥ 059
b, b, 15h b,
W 388ftk  transferred by flexure W Mnftk transferred by flexure W 88ftk  transferred by flexure
37971tk transferred by shear 4174tk transferred by shear 3797tk transferred by shear
Floor5 by Bin Floor§ by 58iin Floor§ by Bin
b, 3in b, in b, Hin
Y 059 ¥ 048 ¥ 0.59
M 9165ftk  transferred by flexure M .03tk transferred by flexure M 9165ft-k  transferred by flexure
o459tk  transferred by shear 8121tk transferred by shear o459tk transferred by shear
Floor4 by Bin Floor4 by 62in % 15h Floor4 by Bin
b, in b, %in b, Hin
% by
¥ 059 ¥i 049 ¥i 059
b, 15
Y 13987 ftk  transferred by flexure YW 10750ftk  transferred by flexure YW 13987 ftk  transferred by flexure
9858tk transferred by shear 1209 ftk  transferred by shear 9858tk transferred by shear
Floor3 by Bin Floor3 by 62in Floor3 by ®in
b, in b, %in b, Hin
Y 059 Yi 049 ¥i 0.59
YW 197556tk transferred by flexure ¥ 16590 ftk  transferred by flexure ¥ 197556tk transferred by flexure
13931tk transferred by shear 17083tk transferred by shear 13931tk transferred by shear
Floor? by 18in ] 15 Floor2 by 61n ] 15h Floor2 by Bin
b, Nin b, Nin b, Hin
k) by k) by
¥ 0.54 ¥ 050 ¥ 059
b, b, L5h
YM 35384ftk  transferred by flexure YW 39ftk transferred by flexure YM 38258 ftk  transferred by flexure
2838 ftk  transferred by shear A2tk transferred by shear 26964 ft-k  transferred by shear
Floor1 by 8in Floor1 by 61n Floor1 by 61n £l 15h Floor1 by 40in g/ 15h
b i b i b Nin b 2in b
) ) ) 0 b, ) 2 i
¥ 0.54 ¥i 050 ¥i 050 ¥i 053
b, 15h b,
YM - 60051ftk  transferred by flexure YM - sS6S6ftk  transferred by flexure YM sS6S6ftk  transferred by flexure YM - s891ftk  transferred by flexure
50639 ft-k  transferred by shear 55034 ft-k  transferred by shear 55034 ft-k  transferred by shear 5399 ftk  transferred by shear
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C.2 Hospital (E-W) 157mph

(Grid 19 Hospital
ext.ol int.ol int.col int. ol int. col ext.ol
/by by) RSN VE/LH3Mbyb) V13 0bb) VU3 byb) U3y
Floor b in 2 15 Hoor b Bin 2 1% Floor b din % 1%
h Lin b Din b Bin b,
1 2 1 bZ ] h1 ] % 1
Y 03 3 048 3 054
b, by 15h by
W e8Itk tansfered by flexe W 1Ak tendemedby flexwre W 8TRE tanderedby e
188tk transfered by shear % ftk  transfemred by shear 11188ftk  transferred by shear
Floars b Qin Hoor§ b Bin Hoor§ b i
by Lin by i b Bin
Y 053 Y 048 Y 054
W D938tk trantered by flewure W u8I6ftk trnsfered by flewure W Rk tranferedbyflewre
06190tk transferred by sher Dodtitk  tranfermed byshear M30ftk transferred byshear
Floor b Uin % 15 Floor b fin % 1% Floor b i 0 1
b Bin b b, in b Win b,
' % ' ! % b, ! ] '
Y 0% 3 08 3 054
b, by 15h by
W 3Bftk tansfered byflexure W 8Ltk transfemed byflewre W %R transferred by flexure
30STitk transferred by shear Hos4ftk  tranferred byshear 308Lftk transferred byshear
Hoor3 b i 0 13 Flor3 b Wi 2 15 Floor3 b i 0 15 Floor3 b &2in % 15 Hoor3 b fin Floor3 b &b
b in b, b Din b, Qin b, in Bin b in
! ¥ ' ! 2 b ! 2 by ! % b, b !
3 051 ¥ 04 Y 0% ¥ 04 ¥ 08 3 054
by by 15h b, 15 b, 15
W SBRE transferedbyflewre W stk anferedbyflewre W Itk tantered byflewure W stk tranfered by flewure W stk trnsfened by flewure W SRR transferedbyflewre
17tk transferred by shear SHLA Mtk transferred by shear SULAk transfemed by shear BTtk transfemed by shear 187 ftk  transfemred by shear 98Ktk transferred by shear
Floor2 b din % IE] Floor b fin % IE] loor2 b i Floor2 b $in ) L5 Hoor2 b fin Floor2 b 2 E IE]
b Bin b b Bin b Lin b Win Bin b Hin b
1 ¥ 1 d % b J ) 0 b b h 3 1
¥ 054 ¥ 04 ¥ 048 ¥ 050 ¥ 08 ¥ 05
by by 15h b, 15 by
W Bk tanderedby flewre W BB0Lftk tanseredby flexure W meMftk transfered by flewre W stk tansferedbyflexe W B0tk tanemedby lewre W 9Bfk taneredby flewre
1934ftk  transferred by shear BBOUfk transfemed byshear B8tk transfemed by shear 5081tk transfemed by shear 30Uk transfemed by shear Tk transferred byshear
Floor b din Floor 1 b fin Floor1 b ai % IE] Floor 1 b $in ) L5 Hloor1 b fin E IE] Floor{ b 2n
b Bin b %in b Bin b Wi Bin b %in
! ! ! ¥ by ! ) b, b 3 b, !
¥ 054 ¥ 04 ¥ 08 ¥ 050 ¥ 04 ¥ 05
by 15 b, 15 by 15h
W 10aRk taneredbyflewre WL, tanered by flewre WLk transered by flewre W Btk tnsfered by flewe W ISLIS Tk tranered by fewre W g RE taneredbyflewre
G08ftk  transferred byshear 1082047tk transermed by shear 1082040tk tranferred by shear 106086tk transferred by shear 108247tk transferedby shear A0tk transferred byshear
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Caitlin Behm

Structural Option

Nemours Children’s Hospital as a part of The Nemours Foundation

C.3 Clinic (N-S) 157mph
ext. cols.

Grid N Clinic

int. cols.
vi=1/(1+(2/3)(V(by/b,))

v=1/(1+(2/3)(V(b/by))

Floor 6 b, 58 in 22 1.5h Floor 6 b, 38in 24 1.5h
b 22 in b 24 in b
2 2 b, 2 20 !
Ve 0.48 \% 0.54
b, 1.5h b,
viM 120.78 ft-k transferred by flexure viM 136.78 ft-k transferred by flexure
130.74 ft-k transferred by shear 114.74 ft-k transferred by shear
Floor 5 b, 58 in Floor 5 b, 38 in
b, 22 in b, 24 in
Ve 0.48 Yt 0.54
viM 218.76 ft-k transferred by flexure viM 247.74 ft-k transferred by flexure
236.80 ft-k transferred by shear 207.82 ft-k transferred by shear
Floor 4 b, 62 in 26 1.5h Floor 4 by 38 in 34 1.5h
b 26 in b 34 in b
2 26 b, 2 20 !
\4i 0.49 \4i 0.59
b, 1.5h b,
viM 352.38 ft-k transferred by flexure viM 419.49 ft-k transferred by flexure
362.76 ft-k transferred by shear 295.65 ft-k transferred by shear
Floor 3 b, 62 in Floor 3 by 38in
b, 26 in b, 34 in
\4i 0.49 \4i 0.59
viM 506.77 ft-k transferred by flexure viM 603.28 ft-k transferred by flexure
521.71 ft-k transferred by shear 425.19 ft-k transferred by shear
Floor 2 b, 66 in 30 1.5h Floor 2 by 38in
b, 30in b, 34 in
30 b
\4i 0.50 \4i 0.59
b, 1.5h
viM 905.06 ft-k transferred by flexure viM 1055.85 ft-k transferred by flexure
894.94 ft-k transferred by shear 744.15 ft-k transferred by shear
Floor 1 b, 66 in Floor 1 b, 38 in
b, 30 in b, 34in
Ve 0.50 Vs 0.59
VM 1121.82 ft-k transferred by flexure viM 1308.73 ft-k transferred by flexure
1109.29 ft-k transferred by shear 922.38 ft-k transferred by shear
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Caitlin Behm

Nemours Children’s Hospital as a part of The Nemours Foundation :
Structural Option

C.4 Clinic (E-W) 157mph

(i 10Clinic
ert.col int.col int.col. int ol int.col. ert.col.
VA3 TRISRE ) (RUSHENI] VL3 0b ) (RUSHENI] VR 0byb)
Floor b $in i IE] loor b Bin 0 IE] Floor b fin % IE] loor b stsin % IE]
b, Win b, b Qin b, Bin b in b
! 8 ' ! 1 b, ! ¥ b ! Bl '
¥ 0% Vi 04 ¥ 0% Vi 09
b by 15h b 15 b
W8T tansferedby lewre W TRE tandfemed by flewre W sk tanferedby flewe W mTRe tandfemed by flewre
1320ftk  transfermed by shear 18887ftk  transfered by shear 10tk tranfemed by shear 170ftk  transfered by shear
Floor b $in Floor b Bin Floor b fin Floor5 b sisn
by Win by Din by Tin by Bin
¥ 0% 3 04 3 04 ¥ 052
W BIBfE taneredby flewre W BRRK teneredbyfowre W MRk taneredby flewre W BIRRK teneredbyflewre
5801tk transferred by shear B32fk transfemed by shear WA0fek  transferred by shear BogLftk  transfered by shear
Floord b $in Floor b f2in % IE] Floord b fin Floor b stsn
by Win b, Bin % b by in by Bin
¥ 0% ¥ 04 ¥ 04 ¥ 05
by 15
W Sk taneredby flewre W I8k tensferedbyflewre W IRk taneredby flewre W URBRE tenderedbyfewre
Mtk transferred byshear W9tk transfemed byshear Witk transferred byshear I007ftk transfemed byshear
Flor3 b Hin Flor3 b & Flor3 b i ki IE] Flor3 b oSS
b, Win b Bin b Win b bin
1 (] 1 E b‘ (]
¥ 0% ¥ 04 ¥ 050 ¥ 052
b, 15h
W Bk transferedbyflewure W Sk transeredbyflewre W BTk tranfered by flwure WSk trensferedbyflewre
S1Tfek transferred byshear 55186t transfemed byshear 67 ftk  transforred by shear 533tk transfemred byshear
Floor2 b $in o2 b in 0 IE] Floor2 b $in ) IE] o2 b w5 0 IE]
by Win b, Win by Win b, Win by
k1l by kil by 55
¥ 0% 3 050 Y 030 3 03
by 15 b 15 by
W LB taferedby lewre W GBI tansfemed by flewre W IR tanferedby lewre WU tansfemed by flewre
80371tk transferred by shear P67tk transfemed by shear 96971tk transferred by shear 65Utk transfemed by shear
Flor b $in Floor 1 b in Flor1 b $in Floor 1 b LS 0 IE] Floor1 b Bin 0 15 Flor 1 b Qin ] IE]
b i b Win b Wi b Win b Din b, Din h
! : ! ! %5 b, ! 2 b : 1 '
¥ 0% Vi 050 Y 030 13 04 Y 08 13 0%
by 15 b, 15h by
W BBBIRk taneredby lewre W 195TRE teneredbyflewre W uNSTRE taneredby flewre W ABNRK tenderedbyflewre W uBsfk taneredby flewre W %3k teneredbyfewre
10064tk transferred by shear 1Stk transfemed by shear 18617tk transferred by shear 1004tk transfemed by shear 10010tk transferred by shear 10938 ftk transfemed by shear
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Caitlin Behm
Structural Option

Nemours Children’s Hospital as a part of The Nemours Foundation

C.5 Hospital (N-S) 110 mph

Grid E Hospital
ext. col int. col int. col ext. col
¥EW(1H2/3) by by) ¥EW(1H2/3) by by) VL[ 1H2/3)V{by b)) ¥EL(1H2/3)V{by b))
Floor6 by i 34 15h Floor 6 by S§in 2 15h Floor 6 by ®in 3 15h
b, 34in b, 2in b, 34in by
0 b, n b, 0
Ve 059 Ve 048 Ve 0.59
b, b, 15h b,
M 2641 ftk  transferred by flexure M 262 ft-k  transferred by flexure M 241 ftk  transferred by flexure
1861 ft-k transferred by shear .40 ft-k transferred by shear 1861 ft-k transferred by shear
Floor 5 by Rin Floor 5 by S8in Floor 5 by Bin
b, 34in b, 2in b, 34in
Vi 0.59 Vi 048 Vi 0.59
M 4,93 ft-k transferred by flexure M 36.78 ft-k transferred by flexure M 44,93 ft-k transferred by flexure
3167 ft-k transferred by shear 39.81 ft-k transferred by shear 3167 ft-k transferred by shear
Floor 4 by Bin Floor4 by 62in % 1.5h Floor4 by Bin
b 34in b 2%in b 34in
: : % b, C
Ve 059 Ve 049 Ve 0.59
b, L15h
M 68.58 ft-k transferred by flexure M 57.61 ft-k transferred by flexure M 68.58 ft-k transferred by flexure
48.33 ft-k transferred by shear 59.31 ft-k transferred by shear 14833 ft-k transferred by shear
Floor3 by Rin Floor3 by B2in Floor3 by Bin
b, Win b, %in b, Win
Ve 059 Ve 049 Ve 0.59
M 9%.87 ft-k transferred by flexure M 8137 ft-k transferred by flexure M 9%.87 ft-k transferred by flexure
68.27 ft-k transferred by shear 8.77 ft-k transferred by shear 68.27 ft-k transferred by shear
Floor2 by i 30 1.5h Floor2 by 86 in 30 15h Floor2 by Rin
b, 30in b, 30in b, 34in
30 by 30 b,
Ve 054 Ve 0.50 Ve 0.59
b, b, 15h
M 173.50 ft-k transferred by flexure M 16081 ft-k transferred by flexure M 187.60 ft-k transferred by flexure
14631 ft-k transferred by shear 159.01 ft-k transferred by shear 132.22 ft-k transferred by shear
Floor1 by 4in Floor 1 by 86in Floor 1 by B6in 3 15h Floor 1 by Qin 2 15h
b 30in b 30in b 30in b 2in b
C C c ) by : 2 '
Ve 0.54 Ve 0.50 Ve 0.50 Ve 0.53
b, 15h b,
M 294.46 ft-k transferred by flexure M 27291 ft-k transferred by flexure M 27291 ft-k transferred by flexure ¥ 285.83 ft-k transferred by flexure
24831 ft-k transferred by shear 269.86 ft-k transferred by shear 269.86 ft-k transferred by shear 25694 ft-k transferred by shear

April 4,2012 Nemours Children’s Hospital as a part of The Nemours Foundation | Page 57




Caitlin Behm

Nemours Children’s Hospital as a part of The Nemours Foundation :
Structural Option

C.6 Hospital (E-W) 110 mph

Gric 19 Hospital
ext.col int. col int. ol int. col int. ol ext.col
VEU (23 Mby o)) VEU23 by o)) V(23 by /o)) VY23 Mby o)) VY23 Mby o)) VY23 Mby o))
Floor b Win ] 15 Floor6 b %in ] 15 Floor6 b #in % 15
Qin b Qin Kin b
b ! 2 ' b i 2 b b ! % '
Ve 03 Ve 048 Ve 054
b, b, 15h b,
i 6061tk transferred by flexure W %597tk transferred by flexure WM G311tk transferred by flexure
578 ftk  transferred by shear 6Ltk transferred by shear S473ftk  transferred by shear
Floor§ by Lin Floor§ by in Floor§ by Hin
b, Din b, Din b, %in
Ve 03 Ve 04 Ve 054
WM 14tk transferred by flexure WM 1053tk transferred by flexure VM 135tk transferred by flexure
10008tk transferred by shear 109tk transferred by shear 917tk transferred by shear
Floord by #in % 15h Floord b f2in % 15h Floord by Bin k) 15h
Kin b Kin Nin b
b i % ' b ! % b b ! By '
Ve 054 Ve 049 Ve 054
b, b, 15h b,
WM IRftk transferred by flewure WM 16538 ftk  transferred by flewure ¥M o 1B187ik transferred by flexure
15570tk transferred by shear 1005tk transferred by shear 15336tk transferred by shear
Floor3 b Qi 0 L5h Floor3 b 58in 2 L5h Floor3 b 5in 2 L5h Floor3 b 62in % L5h Floor3 b 62in Floor3 by Bin
Wi b i i B B i
b, in M 1 b, in 2 b b, in 2 b b, in % b b, in b, in
Ve 051 Ve 04 Ve 04 Ve 049 Ve 049 Ve 054
b, b, L5h b, 15h b, 15h
WM us2ftk  transferred by flevure W Btk transferred by flewure W Btk transferred by flewure W B1ftk  transferred by flewure W B1ftk  transferred by flewure WM 2618 ftk  transferred by flewure
Bo9ftk  transferred byshear B0G3ftk  transferred byshear B063ftk  transferred by shear 4581tk transferred by shear 4581tk transferred by shear 2058tk transferred by shear
Floor2 by 4in % L5h Floor2 b 62in % L5h Floor2 b 5in Floor2 b 6in k) L5h Floor2 b 62in Floor2 b S2in ] L5h
b, %in 5 by b, %in " N b, Din b, Win N N b, %in b, Hin Y b,
Ve 054 Ve 049 Ve 048 Ve 050 Ve 049 Ve 055
b, b, L5h b, 15h b,
WM 419 Mtk transferred by flevure W 48tk transferred by flewure WM 455 ftk transferred by flewure W U3 fek transferred by flewure W 4s8ftk  transferred by flewure W 4e56ftk  transferred by flewure
3919 ftk  transferred byshear 809ftk  transferred byshear 3671tk transferred by shear 419591tk transferred by shear 809ftk  transferred byshear BL36ftk  transferred byshear
Floor 1 by Hin Floor 1 b 62in Floor 1 b 62in % 15h Floor 1 by 6in k) L5h Floor 1 by 62in El 15h Floor 1 b S2in
Kin Kin Kin Nin Kin 3in
b b b % by b kil by b k) by b
Ve 054 Ve 049 Ve 049 Ve 050 Ve 049 Ve 055
b 15h b 15h b 15h
WM SRR ftk  transferred by flewure WM SISk transferred by flevure WM SISAAfek transferred by flevure WM SBRftk transferred by flewure ¥ 15115 ftk transferred by flexure WM SB3Gftk  transferred by flewure
@861tk transferred byshear 530641tk transferred by shear 530641tk transferred by shear S010ftk  transferred by shear 108214tk transferred by shear mnftk  transferred byshear
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Nemours Children’s Hospital as a part of The Nemours Foundation

Caitlin Behm

Structural Option

C.7 Clinic (N-S) 110 mph

Grid N Clinic
int. cols.
V=1/(1+(2/3)(V(by/b,))
Floor 6 b, 58 in 22
b, 22 in
22
Ve 0.48
b,
viM 59.29 ft-k transferred by flexure
64.18 ft-k transferred by shear 11
Floor 5 by 58 in
b, 22 in
Ye 0.48
viM 107.45 ft-k transferred by flexure
116.30 ft-k transferred by shear
Floor 4 b, 62 in 26
b, 26 in
26
Ye 0.49
b,
viM 173.14 ft-k transferred by flexure
178.25 ft-k transferred by shear
Floor 3 b, 62 in
b, 26 in
Ve 0.49
v¢M 249.04 ft-k transferred by flexure
256.38 ft-k transferred by shear
Floor 2 b, 66 in 30
b, 30in
30
\4 0.50
b,
viM 444 .81 ft-k transferred by flexure
439.84 ft-k transferred by shear
Floor 1 b, 66 in
b, 30 in
Ye 0.50
viM 551.38 ft-k transferred by flexure
545.22 ft-k transferred by shear

1.5h

1.5h

1.5h

1.5h

1.5h

1.5h

b,

b,

vi=1/(1+(2/3)(V(b4/b,))

Floor 6

Floor 5

Floor 4

Floor3

Floor 2

Floor 1

ext. cols.

viM

b,
\4i

viM

viM

b,

\4i

viM

b,

\4i

viM

38 in
24 in
0.54

67.15 ft-k
56.33 ft-k

38 in
24 in
0.54

121.68 ft-k
102.07 ft-k

38 in
34in
0.59

206.12 ft-k
145.27 ft-k

38 in
34in
0.59

296.47 ft-k
208.95 ft-k

38in
34 in
0.59

518.92 ft-k
365.73 ft-k

38 in
34in
0.59

643.24 ft-k
453.35 ft-k

transferred by flexure
transferred by shear

transferred by flexure
transferred by shear

transferred by flexure
transferred by shear

transferred by flexure
transferred by shear

transferred by flexure
transferred by shear

transferred by flexure
transferred by shear

20

20

24

b,

34
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Caitlin Behm

Nemours Children’s Hospital as a part of The Nemours Foundation :
Structural Option

C.8 Clinic (E-W) 110mph

(Grid 10Clinic
ext.col int.col int.col. int.col int.col. ext.col.
veU(142730 o) VU123 /b LGUEILY] VU123 o) VU123 b)) VEU(LH2/31e o)
Floor by %in ) 15 Floor by Bin 2 15h Floor b f2in % 15h Floor b sSh % 15h
b Nin b, in b i b i b
! B ' b 2 b, ! i % b, ! " EH '
Y 038 ¥ 048 ¥ 049 ¥ 052
b, by L5h b, 15 b,
W 180ftk  trensfered byflexure W etk trensfered byflexure WM g8titk  trensferred by flexure WM 9%k trenstemedbyflexure
BRfk  transferred by shear QE4ftk  transferred by shear 0407tk transferred by shear 86.27ftk  transferred by shear
Floor§ by %in Floor5 b Bin Floor b i Floor§ b sisi
b, Nin b, in b, Bin b, Kin
¥ 058 ¥ 048 3 049 ¥ 052
WM 1Bk transfered byflexure W 180Ttk trensfered byflexure WM 18tk transferred by fleure WM B8Rk trenstemedbyflexre
10098 ftk  transfemred by shear 437ftk  transfemred by shear DLI7ftk transferred by shear 15821tk tranferred by shear
Floord by %in Floord by §2in % 15h Floord by B2in Floor b sisi
b, Din b, bin b Bin b, Bin
h h L % b h L h
¥ 058 ¥ 089 3 049 ¥ 052
b, 15
W Rk transferred by flexure W 1Ttk transfered by flexure WM 1Mtk transferred by flexure WM 1938tk transferred byflexure
15859tk transferred by shear 19060ftk  transferred by shear 19080ftk  transferred by shear 18189tk tranferred by shear
Floor3 b %in Floor3 b &in Floor3 b Bin Floor3 b sisi
b, Nin b, %in b, Bin b, Kin
Y 038 ¥ 049 ¥ 049 ¥ 052
WM 303k transferred by levure W 26630tk transferred by lewure YW 266301tk transferred by flexure W BBk transferred by flevure
2810ftk  trancferred by shear 415ftk transferred by shear e5ftk  transferred by shear W16tk transfered by shear
Floor2 b %in Floor2 by in El 15h Floor2 b [ ] 15h Floor2 b B ) 15h
b Win Win b Hin b Wi b
! b E) b : ) b ! " 55 !
Y 038 ¥ 050 ¥ 050 i 053
b, L5h b, 15h b,
W SETLk tranfemred by flexure W sk tranferred by flexure WM stk tranferred by flewre WM S0tk transferredby flexure
39260tk transferred by shear 03ftk  transferred by shear M3 ftk  transferred by shear W533ftk  transferred by shear
Floor1 by %in Floor 1 by §in Floor1 b Bin Floor1 b 7S k) 15 Floor 1 by in 2 15h Floor1 by Win n 15h
b, Nin b Nin b, Din b, Nin b Rin b, in b
d h h h 55 b, h 2 b, h ! 2 1t
¥ 058 ¥ 050 3 050 ¥ 04 ¥ 048 13 053
b, 15 b, 15h by
WM ETEfk  transfemed by flexure WM S9ftk transfemed by flexure WM 59ftk transferred by flexure WM sTIgeftk  transferred byflexure W SE308ftk  transfemed by flexure WM 6IS0ftk transferred by flexure
917tk tranferred by shear SBOUftk  transfermed by shear SBOLftk  tranferred by shear SUTAftk  transferred by shear 69521tk transferred by shear 55509ftk transferred by shear
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Structural Option

Appendix D: Combined Shear & Moment Transfer (Slab-Column
Connection Shear Check)
D.1 Hand Calculation

Combined Shcax '
Cartiin Behm AE Sentor Thesis | 2 Moment Transfe /|

combined shear § moment fransier 1n two -way siabs

V =8y (My-My )¢ 9 shear due  unbdlanced moment

Je
V=Vo & Shear siresses doe to Vo

b, d

Tradihonal ACI Lommentary Design MeMmod
V\) 1 ?( (r]‘ r\/ ":‘

b, d 5%

by — lengm o0f Crincal shear perimerer

d = effecnve slab depm

Je = effechive polay Moment of Inerna for cvirical Shear Scetion

Vo = fgcemrcd shear beina fransferred fom Slab ™ column

¢ & measuwvement Hom e Centrold of e crifical shear
pcr\r‘.:tttr o e quc of ™ne perimetcr wWherce the Stress,
'lu‘ S being calcvlated

= \-

K(_’ \/El'Z/S\j\a) L_\

My facrored moment e Y OHSM‘\.((\ atr e connechion

s nf b ). zu,,cnml

12 12
b,=c,+2(d/2) (1 v oxis of bending) {nt. Columing
b= ¢ +2 (d/2) (il T axis of bending)

u o0

¢ = widih ot column 4+ to axis ot hending
C., = widm of column || 4 axis oF bcnqu

Qe =2 ‘D‘._“{: ._db_,z 4 (b‘d)[_\': - Ckxz-]] 4 b‘d CAWl 2
2

12 12

edge  columing
ns = 2(bd)Cb, /2)
2(b,d)( Yo d)

£ p4ifc

Concreic Capactity

See Excel spreadshneet f£or cComplele Caloolations

35502 -
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Nemours Children’s Hospital as a part of The Nemours Foundation

Caitlin Behm

Structural Option

D.2 Hospital 157mph

Hospital (N-S)
Column BY

Level 6 b, 144
d 12
c 32
Yv 0.41
M, 1102
V. 53.33
Jc 77733.11243
b, 32
b, 46
(=% 20
(=% 34
Vu 0.221131009

Level 5 b, 144
d 12
c 32
Yv 0.41
M, 1875
V., 53.33
Je 77733.11243
by 32
b, a6
c, 20
cy 34
Vi, 0.354535188

Level 4 b, 144
d 12
c 32
Yv 0.41
M, 2861
V. 53.33
Jc 77733.11243
b, 32
b, a6
(=% 20
(=% 34
Vi 0.524838839

Level 3 b, 144
d 12
c 32
Yv 0.41
M, 4041
V. 53.33
Je 77733.11243
by 32
b, a6
c, 20
(=9 34
V, 0.72852133

Level 2 b, 156
d 12
c 30
Yv 0.46
M, 7827
V. 53.33
Jc 125874
b, a2
b, 42
[ 30
(= 30
Vu 0.875976794

Level 1 b, 156
d 12
c 30
Yv 0.46
M, 13283
V. 53.33
Je 125874
by a2
b, 42
c, 30
cy 30
V. 1.466782068

Column BZ
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12

17
0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
42

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42

42

30

30

0.275532262

Column CA
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12
17

0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
a2

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42
a2

30
30

0.275532262

Column CB
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12
17

0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
42

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42
42

30
30

0.275532262

Column CC
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12
17

0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
a2

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42
42

30
30

0.275532262

Column CD
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12
17

0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
42

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
a2
a2

30
30

0.275532262

Column CE
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12
17

0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
42

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42
a2

30
30

0.275532262

Column CF
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

160
12

17
0.52
1875
106.5
324224
34

34

22

22

0.106569369

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
42

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42

a2

30

30

0.275532262

Column CG
160
12
17
0.52
1102
106.5
324224
34
34
22
22

0.085507872

176
12

17
0.52
1875
106.5
324224
34

34

22

22

0.101526756

176
12

19
0.51
2861
106.5
449920
38

38

26

26

0.111723085

176
12

19
0.51
4041
106.5
449920
38

38

26

26

0.136997796

192
12

21
0.50
7827
106.5
604800
42

42

30

30

0.181339717

192
12

21
0.50
13283
106.5
604800
42

42

30

30

0.275532262

Column CH
144
12
32
0.41
1102
53.33
77733.11243
32
a6
20
34

0.221131009

144
12
32

0.41

1875

53.33
77733.11243
32

a6

20

34

0.354535188

144
12

32

0.41

2861

53.33
77733.11243
32

46

20

34

0.524838839

144
12
32

0.41

4041

53.33
77733.11243
32

a6

20

34

0.72852133

144
12

32

0.41

7827

53.33
77733.11243
32

46

20

34

1.381983237

192
12

21
0.50
13283
53.33
604800
42

42

30

30

0.252455005

Column CI

12

22
0.47
13283

72794
34
34
22
22

1.925732996

Hospital (E-W)

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Column AQ

0.49
11800

53.33
75643.34948
36

32

24

20

1.626361964

140
12

26
0.46
20652
53.33
96862
38

38

26

26

2.609831576

140
12

26
0.46
25600
53.33
96862
38

38

26

26

3.227415039

Column AR

160
12

17

0.52
11800
106.5
324224
34

34

22

22

0.37705984

176
12

19
0.51
20652
106.5
449920
38

38

26

26

0.492830386

176
12

19
0.51
25600
106.5
449920
38

38

26

26

0.59880877

Column AS

160
12

17

0.52
11800
106.5
324224
34

34

22

22

0.37705984

160
12

17
0.52
20652
106.5
324224
34

34

22

22

0.618336779

176
12

19
0.51
25600
106.5
449920
38

38

26

26

0.59880877
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Column AT

124
12

22
0.47
2885
53.33
72794
34

34

22

22

0.454172192

124
12
22

0.47
5227
53.33
72794
34
34
22
22

0.793622231

140
12

26
0.46
8205
53.33
96862
38

38

26

26

1.055999753

176
12

19
0.51
11800
106.5
449920
38

38

26

26

0.278015818

192
12

21
0.50
20652
106.5
604800
42

42

30

30

0.402755991

192
12

21
0.50
25600
106.5
604800
42
42

30

30

0.488163598

Column AU

124
12

17
0.47
2885
106.5
324224
34

34

22

22

0.143192812

124
12

17
0.47
5227
106.5
324224
34

34

22

22

0.201308094

140
12

19
0.46
8205
106.5
449920
38

38

26

26

0.224324306

176
12

19
0.51
11800
106.5
449920
38

38

26

26

0.303191008

192
12

21
0.50
20652
106.5
604800
42

42

30

30

0.402755991

192
12

21
0.50
25600
106.5
604800
42
42

30
30

0.488163598

Column AV

160
12

17
0.52
2885
106.5
324224
34

34

22

22

0.134110463

160
12

17
0.52
5227
106.5
324224
34

34

22

22

0.197923234

176
12

19
0.51
8205
106.5
449920
38

38

26

26

0.226190176

176
12

19
0.51
11800
106.5
449920
38

38

26

26

0.303191008

176
12

19
0.51
20652
106.5
449920
38

38

26

26

0.492830386

176
12

23
0.51
25600
106.5
791936
46

46

34

34

0.427566609

Column AW

140
12

26
0.46
2885
53.33
96862
38

38

26

26

0.391944326

140
12

26
0.46
5227
53.33
96862
38

38

26

26

0.684224041

156
12

30
0.46
8205
53.33
125874
42

42

30

30

0.916946697

156
12

30
0.46
11800
53.33
125874
42

a2

30

30

1.3061733

172
12

34
0.45
20652
53.33
160310
a6

46

34

34

1.979945576

172
12

34
0.45
25600
53.33
160310
a6

46

34

34

2.448053971
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Caitlin Behm
Structural Option

D.3 Clinic 157mph

Clinic (N-S)

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Column A
124
12
24
0.46
3018
53.33
67991.47405
32
36
20
24

0.518428236

124
12

24

0.46

5467

53.33
67991.47405
32

36

20

24

0.909881598

144
12

32

0.41

8582

53.33
77733.11243
32

46

20

34

1.512324466

144
12

32
0.41
12342
53.33
77733.11243
32
a6
20
34

2.161417245

144
12

32

0.41

21600

53.33
77733.11243
32

46

20

34

3.759693125

144
12

32

0.41

26773

53.33
77733.11243
32

a6

20

34

4.652771132

Column B
160
12
17
0.52
3018
106.5
324224
34
34
22
22

0.137732013

160
12

17
0.52
5467
106.5
324224
34

34

22

22

0.204460192

176
12

19
0.51
8582
106.5
449920
38

38

26

26

0.23425897

176
12

19
0.51
12342
106.5
449920
38

38

26

26

0.314804099

192
12

21
0.50
21600
106.5
604800
a2

a2

30

30

0.41911715

192
12

21
0.50
26773
106.5
604800
42

42

30

30

0.508427372

Column C
160
12
17
0.52
3018
106.5
324224
34
34
22
22

0.137732013

160
12

17
0.52
5467
106.5
324224
34

34

22

22

0.204460192

176
12

19
0.51
8582
106.5
449920
38

38

26

26

0.23425897

176
12

19
0.51
12342
106.5
449920
38

38

26

26

0.314804099

12
21
0.50
21600
106.5
604800
42

42

30

30

0.41911715

192
12

21
0.50
26773
106.5
604800
a2

42

30

30

0.508427372

Column D
124
12
24
0.46
3018
53.33
67991.47405
32
36
20
24

0.518428236 k

124
12

24

0.46

5467

53.33
67991.47405
32

36

20

24

0.909881598 k

144
12

32

0.41

8582

53.33
77733.11243
32

a6

20

34

1.512324466 k

144
12

32
0.41
12342
53.33
77733.11243
32
a6
20
34

2.161417245 k

144
12

32

0.41

21600

53.33
77733.11243
32

a6

20

34

3.759693125 k

144
12

32

0.41

26773

53.33
77733.11243
32

a6

20

34

4.652771132 k

Clinic (E-W)

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Column BG

Column BH

Column BI

Column BJ
-

Column BK

Column BL

Column BM

132 160 160 176 160 160 155
12 12 12 12 12 12 12
29 17 17 19 17 17 27
0.42 0.52 0.52 I 0.51 0.52 0.52 0.48
4356 4356 4356 4356 4356 4356 4356
53.33 106.5 106.5 106.5 106.5 106.5 53.33
65002.5 324224 324224 449920 324224 324224 128600.3294
30 34 34 38 34 34 45.5
a2 34 34 38 34 34 38
18 22 227 26 22 22 33.5
30 22 227 26 22 22 26
0.848172516 0.174179777 0.174179777 0.14373089 0.174179777 0.174179777 0.464022923
132 160 160 r 176 160 160 155
12 12 12 12 12 12 12
29 17 17 19 17 17 27
0.42 0.52 052" 0.51 0.52 0.52 0.48
5846 5846 5846 5846 5846 5846 5846
53.33 106.5 106.5 106.5 106.5 106.5 53.33
65002.5 324224 324224 449920 324224 324224 128600.3294
30 34 34 38 34 34 45.5
42 34 34 38 34 34 38
18 22 22 I 26 22 22 33.5
30 22 22 I 26 22 22 26
1.126783741 0.214786331 0.214786331 0.175646919 0.214786331 0.214786331 0.61294
132 176 176 I 176 176 176 155
12 12 12 12 12 12 12
29 19 19 19 19 19 27
0.42 0.51 0.51' 0.51 0.51 0.51 0.48
9176 9176 9176 9176 9176 9176 9176
53.33 106.5 106.5 106.5 106.5 106.5 53.33
65002.5 449920 449920 449920 449920 449920 128600.3294
30 38 38 38 38 38 45.5
42 38 38 38 38 38 38
18 26 26 I 26 26 26 33.5
30 26 26 I 26 26 26 26

1.74 794 0.2 o. O. O. O. O.
132 176 176 192 176 176 155
12 12 12 12 12 12 12
29 19 19 19 19 19 27
0.42 0.51 0.51 0.50 0.51 0.51 0.48
13197 13197 13197 13197 13197 13197 13197
53.33 106.5 106.5 106.5 106.5 106.5 53.33
65002.5 449920 449920 449920 449920 449920 128600.3294
30 38 38 38 38 38 45.5
42 38 38 38 38 38 38
18 26 26 26 26 26 33.5
30 26 26 26 26 26 26

2.501510182

132
12

29
0.42
23097
53.33
65002.5
30

42

18

30

4.352808455

132
12

29
0.42
28629
53.33
65002.5
30

a2

18

30

5.387269272

0.333127324

192
12

21
0.50
23097
106.5
604800
a2

a2

30

30

0.444961233

192
12

21
0.50
28629
106.5
604800
a2

a2

30

30

0.540461271

0.333127324

192
12

21
0.50
23097
106.5
604800
42

a2

30

30

0.444961233

192
12

21
0.50
28629
106.5
604800
42

42

30

30

0.540461271

0.323311939

192
12

21
0.50
23097
106.5
604800
a2

a2

30

30

0.444961233

192
12

21
0.50
28629
106.5
604800
42

42

30

30

0.540461271

0.333127324

192
12

21
0.50
23097
106.5
604800
42

a2

30

30

0.444961233

192
12

21
0.50
28629
106.5
604800
a2

a2

30

30

0.540461271

0.333127324

192
12

21
0.50
23097
106.5
604800
42

42

30

30

0.444961233

192
12

21
0.50
28629
106.5
604800
a2

a2

30

30

0.540461271

1.347728209

167
12

30
0.47
23097
53.33
154051.2688
47.5
42
35.5
30

2.156481051

203
12
23.75
0.51
28629
106.5
796598.75
47.5
a2
35.5
30

0.45480922

Column BN

160
12

17
0.52
28629
106.5
324224
34

34

22

22

0.83573632

Column BO

12

22
0.47
28629
53.33
72794
34

34

22

22

4.186449024
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Nemours Children’s Hospital as a part of The Nemours Foundation

Caitlin Behm

Structural Option

D.4 Hospital 110mph

Hospital (N-S)
Column BY

Level 6 b, 144
d 12
c 32
Yv 0.41
M, 540
V. 53.33
Je 77733.11243
by 32
b, a6
[ 20
cy 34
Vi 0.124123755

Level 5 b, 144
d 12
c 32
vy 0.41
M, 919
Vi 53.33
Je 77733.11243
b, 32
b, 46
cy 20
cy 34
Vi 0.189532468

Level 4 b, 144
d 12
c 32
Yv 0.41
M, 1403
Vi 53.33
Jo 77733.11243
b, 32
b, 46
(= 20
(=3 34
Vu 0.273059047

Level 3 b, 144
d 12
c 32
Yv 0.41
™M, 1982
v, 53.33
Je 77733.11243
b, 32
b, a6
[ 20
cy 34
Vu 0.372971987

Level 2 b, 156
d 12
c 30
Yy 0.46
M, 3838
Vu 53.33
Je 125874
b, 42
b, 42
(= 30
(= 30
Vu 0.444055067

Level 1 b, 156
d 12
c 30
Vv 0.46
M, 6513
Vi 53.33
Jo 125874
b, 42
b, a2
(= 30
s 30
Vu 0.733767839

Column BZ
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
a2

a2

30

30

0.158667233

Column CA
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
a2

a2

30

30

0.158667233

Column CB
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
a2

a2

30

30

0.158667233

Column CC
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
42

42

30

30

0.158667233

Column CD
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
42

a2

30

30

0.158667233

Column CE
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
a2

a2

30

30

0.158667233

Column CF
[ 160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

160
12

17
0.52
919
106.5
324224
34

34

22

22

0.080519179

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
42

42

30

30

0.158667233

Column CG
160
12
17
0.52
540
106.5
324224
34
34
22
22

0.070192625

176
12

17
0.52
919
106.5
324224
34

34

22

22

0.075476565

176
12

19
0.51
1403
106.5
449920
38

38

26

26

0.080480039

176
12

19
0.51
1982
106.5
449920
38

38

26

26

0.092878113

192
12

21
0.50
3838
106.5
604800
42

42

30

30

0.1124781

192
12

21
0.50
6513
106.5
604800
42

42

30

30

0.158667233

Column CH
144
12
32
0.41
540
53.33
77733.11243
32
46
20
34

0.124123755

144
12

32

0.41

919

53.33
77733.11243
32

46

20

34

0.189532468

144
12

32
0.41
1403
53.33
77733.11243
32

46

20

34

0.273059047

144
12

32

0.41

1982

53.33
77733.11243
32

a6

20

34

0.372971987

144
12

32

0.41

3838

53.33
77733.11243
32

a6

20

34

0.693385727

192
12

21
0.50
6513
106.5
604800
42

42

30

30

0.158667233

Column CI

124
12

22
0.47
6513
53.33
72794
34

34

22

22

0.980139585

Hospital (E-W)

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Column AQ

124
12

21

0.49

5786

53.33
75643.34948
36

32

24

20

0.815752739

140
12

26
0.46
10127
53.33
96862
38

38

26

26

1.295934673

140
12

26
0.46
12553
53.33
96862
38

38

26

26

1.598768461

Column AR

160
12

17
0.52
5786
106.5
324224
34

34

22

22

0.213160995

176
12

19
0.51
10127
106.5
449920
38

38

26

26

0.26736342

176
12

19
0.51
12553
106.5
449920
38

38

26

26

0.319330219

Column AS

160
12

17
0.52
5786
106.5
324224
34

34

22

22

0.213160995

160
12

17
0.52
10127
106.5
324224
34

34

22

22

0.331476635

176
12

19
0.51
12553
106.5
449920
38

38

26

26

0.319330219
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Column AT

124
12
22

0.47
1414
53.33
72794
34
34
22

22

0.240854434

124
12

22
0.47
2562
53.33
72794
34

34

22

22

0.407317411

140
12

26
0.46
4023
53.33
96862
38

38

26

26

0.533913622

176
12

19
0.51
5786
106.5
449920
38

38

26

26

0.149194244

192
12

21
0.50
10127
106.5
604800
42

42

30

30

0.221052954

192
12

21
0.50
12553
106.5
604800
a2

42

30

30

0.262932814

Column AU

124
12
17

0.47
1414
106.5
324224
34

34

22

22

0.10667191

124
12

17
0.47
2562
106.5
324224
34

34

22

22

0.135171075

140
12

19
0.46
4023
106.5
449920
38

38

26

26

0.142293933

176
12

19
0.51
5786
106.5
449920
38

38

26

26

0.174369433

192
12

21
0.50
10127
106.5
604800
42

42

30

30

0.221052954

192
12

21
0.50
12553
106.5
604800
a2

42

30

30

0.262932814

Column AV

160
12
17

0.52
1414
106.5
324224
34

34

22

22

0.094009136

160
12

17
0.52
2562
106.5
324224
34

34

22

22

0.125302294

176
12

19
0.51
4023
106.5
449920
38

38

26

26

0.136599298

176
12

19
0.51
5786
106.5
449920
38

38

26

26

0.174369433

176
12

19
0.51
10127
106.5
449920
38

38

26

26

0.26736342

176
12

23
0.51
12553
106.5
791936
a6

a6

34

34

0.235360171

Column AW

140
12
26

0.46
1414
53.33
26862
38

38

26

26

0.20826942

140
12

26
0.46
2562
53.33
96862
38

38

26

26

0.351600533

156
12

30
0.46
4023
53.33
125874
42

a2

30

30

0.464079477

156
12

30
0.46
5786
53.33
125874
42

42

30

30

0.655001327

172
12

34
0.45
10127
53.33
160310
46

a6

34

34

0.984053998

172
12

34
0.45
12553
53.33
160310
a6

a6

34

34

1.213592266
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D.5 Clinic 110mph

Clinic (N-S)

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Column A
124
12
24
0.46
1482
53.33
67991.47405
32
36
20
24

0.272737289

124
12

24

0.46

2685

53.33
67991.47405
32

36

20

24

0.46513302

144
12

32

0.41

4217

53.33
77733.11243
32

a6

20

34

0.758789897

144
12

32

0.41

6065

53.33
77733.11243
32

a6

20

34

1.077869636

144
12

32
0.41
10616
53.33
77733.11243
32

46

20

34

1.86348481

144
12

32

0.41

13159

53.33
77733.11243
32

46

20

34

2.302543135

Column B

Column C

160 160
12 12

17 17
0.52 0.52
1482”7 3018
106.5 106.5
324224 324224
34 34

34 34

22 22

22 22

0.095850882

0.137732013

160 160
12 12

17 17

0.52 0.52
2685 5467
106.5 106.5
324224 324224
34 34

34 34

22 22

22 22
0.128647169 0.204460192
176 176

12 12

19 19

0.51 0.51
4217”7 8582
106.5 106.5
449920 449920
38 38

38 38

26 26

26 26
0.140753786 0.23425897
176 176

12 12

19 19

0.51 0.51
6065 12342
106.5 106.5
449920 449920
38 38

38 38

26 26

26 26

0.180348001

192
12

21

0.50
10616
106.5
604800
a2

a2

30

30

0.229491179

192
12

21
0.50
13159
106.5
604800
a2

42

30

30

0.273398202

0.314804099

192
12

21
0.50
21600
106.5
604800
42

a2

30

30

0.41911715

192
12

21
0.50
26773
106.5
604800
a2

42

30

30

0.508427372

Column D
124
12
24
0.46
1482
53.33
67991.47405
32
36
20
24

0.272737289 k

124
12

24

0.46

2685

53.33
67991.47405
32

36

20

24

0.46513302

=

144
12

32
0.41
4217
53.33
77733.11243
32

46

20

34

0.758789897 k

144
12

32
0.41
6065
53.33
77733.11243
32

46

20

34

1.077869636

=

144
12

32
0.41
10616
53.33
77733.11243
32

46

20

34

1.86348481 k

144
12

32

0.41

13159

53.33
77733.11243
32

a6

20

34

2.302543135 k

Clinic (E-W)

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Column BG
132
12
29
0.42
2139
53.33
65002.5
30
42
18
30

0.433588348

132
12

29

0.42
2871
53.33
65002.5
30

42

18

30

0.570561092

132
12

29
0.42
4509
53.33
65002.5
30

42

18

30

0.876833479

132
12

29
0.42
6485
53.33
65002.5
30

42

18

30

1.2464266

132
12

29
0.42
11352
53.33
65002.5
30

a2

18

30

2.156412187

132
12

29
0.42
14071
53.33
65002.5
30

42

18

30

2.664977653

Column BH
160
12
17
0.52
2139
106.5
324224
34
34
22
22

0.11375567

160
12

17
0.52
2871
106.5
324224
34

34

22

22

0.13371894

176
12

19
0.51
4509
106.5
449920
38

38

26

26

0.147014118

176
12

19
0.51
6485
106.5
449920
38

38

26

26

0.189352486

192
12

21
0.50
11352
106.5
604800
42

a2

30

30

0.242192868

192
12

21
0.50
14071
106.5
604800
a2

42

30

30

0.289142951

Column BI
160
12
17
0.52
2139
106.5
324224
34
34
22
22

0.11375567

160
12

17
0.52
2871
106.5
324224
34

34

22

22

0.13371894

176
12

19
0.51
4509
106.5
449920
38

38

26

26

0.147014118

176
12

19
0.51
6485
106.5
449920
38

38

26

26

0.189352486

192
12

21

0.50
11352
106.5
604800
a2

a2

30

30

0.242192868

192
12

21

0.50
14071
106.5
604800
a2

a2

30

30

0.289142951

Column BJ
I 176
12
19
0.51
2139
106.5
449920
38
38
26
26

2

-

0.096238618

176
12

19
0.51
2871
106.5
449920
38

38

26

26

-

v

0.111929393

176
12

19
0.51
4509
106.5
449920
38

38

26

26

0.147014118

176
12

19
0.51
6485
106.5
449920
38

38

26

26

0.189352486

192
12

21

0.50
11352
106.5
604800
a2

a2

30

30

0.242192868

192
12

21

0.50
14071
106.5
604800
a2

42

30

30

0.289142951

Column BK
160
12
17
0.52
2139
106.5
324224
34
34
22
22

0.11375567

160
12

17
0.52
2871
106.5
324224
34

34

22

22

0.13371894

176
12

19
0.51
4509
106.5
449920
38

38

26

26

0.147014118

176
12

19
0.51
6485
106.5
449920
38

38

26

26

0.189352486

192
12

21

0.50
11352
106.5
604800
a2

a2

30

30

0.242192868

192
12

21

0.50
14071
106.5
604800
a2

42

30

30

0.289142951

Column BL
160
12
17
0.52
2139
106.5
324224
34
34
22
22

0.11375567

160
12

17
0.52
2871
106.5
324224
34

34

22

22

0.13371894

176
12

19
0.51
4509
106.5
449920
38

38

26

26

0.147014118

Column BM
155
12
27
0.48
2139
53.33
128600.3294
45.5
38
33.5
26

0.242428613

155
12

27
0.48
2871
53.33
128600.3294
45.5
38
33.5
26

0.315640238

155
12

27
0.48
4509
53.33
128600.3294
45.5
38
33.5
26

0.479342144

176 155
12 12

19 27

0.51 0.48
6485 6485
106.5 53.33
449920 128600.3294
38 4s5.5

38 38

26 33.5

26 26
0.189352486 0.6 il
192 167

12 12

21 30

0.50 0.47
11352 11352
106.5 53.33
604800 154051.2688
a2 47.5

a2 a2

30 35.5

30 30

0.242192868

192
12

21

0.50
14071
106.5
604800
a2

42

30

30

0.289142951

1.073386648

203
12

23.75
0.51
14071
106.5
796598.75
47.5

42

35.5

30

0.234672226

Column BN

160
12

17
0.52
14071
106.5
324224
34

34

22

22

0.438972398

Column BO

12

22
0.47
14071
53.33
72794
34

34

22

22

2.075875731
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Appendix E: Column Interaction Diagrams
E.1 N-S Clinic Frame 10 Exterior Column Interaction Diagram

P [kip]
(Pmas) .. S0 ] [Pma)
fe=0 T fs=0
Fe=0.5fy i Fz=0.5fp
+ -+
-2DIDD 2DIDD
M [k-ft]
-1000 -
E.2 N-S Clinic Frame 10 Interior Column Interaction Diagram
P [kip]
4000
Proasl ] [Pmax)
Fz=0 B fe=0
fz=05fy fs=0Gfy
+2
,13=gg I 18=DD
M [k-f]

[Prnin]
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Appendix F: Slab Capacity Check
F.1 Hand Calculation

Cottlin Behm

A€ Senior Thesis Sldb Check. /3
12" NW Oncrete elevaied two-way flat plate
3 fl_
30% 30" wlumns
2 VA f'c = 5000 psi
= j—man:wcf\ : —.ﬂ - fy = (0,000 ps}
% <! m typrcal nterior oy
L
] [Frames
o'

Yor a generalized gravity Spot check Direct besign Metnod will
bevsed even trough not all the require menis Were met

SpL = 12pst Cryprcat Hloor) Ll 80(p.25+-'S/NZGoGn ) =48 pst
DL = Seif weignt of (Oncrete
LL = %Ops\-
Wo = 12w +1. 0w
$ 44 ddl Wo = \2C (#"12 }(1dspes ) + Y pst 1 +\ b [46ps ]
// Wos 2652 p5f
H— 30—

al thickness
n[s8 (TabledSc Wlo drop panel Int. panels)
(30'- 0%2*)x 12°/33= 10" Slgb minimum
12" slak vsed iIn c\cagn/

frame A= Frame B ble of symmeby
Mo=V6 W, 2, 0% = V& (0.205¢s§)(20)(30 - %2)* = Fs1.8 8 K

Intertor span
nt - sl v =

iy Frame A * Frame B -hl}w‘“m st
ot Lo —% = ‘-% - 0.35M, Jz/z = 80'/2a=)\g"
s R W
5 | 7 I = gt S, T Vo.us 065 N Muddlic SMp
= ﬁL =y S % 3p-15"=134=1.5"
‘ 2L3 6 Kk ¥0h eackside of C§
@ % FaBsshy  -4%sHi
—y

35502
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Slalb Check 2/

#b@ 12"

Cavtiin Behm | AT Senior Thesis

x=0 Yjc ho beams
osihive moment 2060°l
equhve moment 2 35%

12"

Distviboiion Aﬁ Moments I

\as \_ws@n." \-3/4J e
Fraome A= Frapme B
Total Momenrm.sa%zbsh-x mh»LJ Oknort = 12- 34 - 0.3(0.625)= 10.94"

Momend 0 CSy2s.| fklersive MW k] djong =12 =34 - 0.625 -0.5 (0.625)=10.3)"
Mom ent 1 MiH195.44.d 65 244 - 195 44

geinforcement Design D st buhion
Co\ﬁmn Shr\p(Frach =Traome B)

Descriphon Neag - Momznt PosSitive Moment
widn of shnp Uo) 150" jso"
etiechve depin 10a4". 3" 094"  10.3)"
R=Mulbd? 3.2t 18383 oA 123.34
p(fmm Table ASa) 0.0035 (0.0035 0.0035 0.0035
® As = pbe bl ©A\pz  bSOIN? L.8un*  SOIN* gdequate reinforcing
&) As min= 0.0015bt 328912 3.99m* 3.An* 39An? exceeding These
\d.rqcr Aor B HAIn?  S0in*  WHin® L Sn* values.3ee slab
Non = WM $1 p f2t |25 12| Fsini] @sin?l [T.si detai),
middlestp (Frame A =Trame B
Descriphon Neg. Moment PosiTive Monengt
w id™ of Strip Cb) 1Bo"® 190"
eft ecrive deymn %4 \o0.31" loM" b3
R =My [bd* 10984  122.55 2600 4.2\
P (from Tabue A Sa) 0.00%3  0.0035 00®BS 0.0035
As=pbd 0.84m*  (,50in? 022 (Smadequak Ttlnblélng
As,min=0.0013bt 3.#1h? 3972 399 1n2 3-3n* exceeding Tnese
N=lorger Ao B lAn? (.50m? b-#in? 0W'yglves ste Siab

Nun=widm Sap /2t 13510 (75w [7.51n* |7.5m7 detail
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Cavtlin Benm | ATt Senior Thesis I Stab Checy 3/3

wide beam achon

[aang BBl
Vu = (0,245ks8 )(12.96°) (30')
Vu=102.2¢

O Vn=0.1 (25000 )(30x 12 )(10.63)
® Vn=3243«

¢Vn Sy v

12. 90t

PUY\u\mq Shear

// d/; =10.t3/2=5.32n
B!

/ b, =2 (9/)+ Col.widm

///

r b bs=2(532)+30 = 40.04
4 (40.04)= 13" (perimeter)

15" 1§’

J’_
\l 3)(10‘(53)

<<<
w n g
J;_L.b.

e

V\): wu 'A'Cd
Vo= (0.25kst) [(30')‘30') - (40.(04”\/)2)2]
Vu= 12355k

\!t>VU NGI

| *Th\s agrees with the portal memod caleoldtions andl
Siatk anclluses becguse punching snear Was Me
ccom\nam mode of failvre. This wh stvd rails
% dnd edge beams are presenied as memods of
501Ving This faire.

35602 2
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Appendix G: Stud Rail Check
G.1 Hand Calculation

Corthin Behm AE Senitor

T

nesis kh)(_l Rail Checiwe ‘/[

Select The erihcal secmnon for tWO-wWay Shear: arvund the colvmn
d:(\Z\‘n*04'*5\.\-!'.:\3-\\.\‘25\.~.
dj2=§.125m> eritical Shear Sechon tover=0.35in
[30+ (2% 5.125)]=40.25In 8 = lin
= lengh ot one side o tne
Crifical shear Stehon
bo=24%x40,25 = \w)" 2 Sncar perimeter

Compuie The shecar Acnng on The Crihcal sechon
moximumn value of dvn allowed w| neaded-shear stud
dvn=¢8Vfc b.d
¢ Vp = (0.35X8) {5000 (101)(10.25)
tVn= 00K
Shecar in Sidb
SoL =12 pst) (30') = 3L0pIF
DLz (45 pef) C'&1201(307) = 4350 p) f
Le= (D0 pst)(30') = 2400pi
Vo = (9492 p1£)(30°) /2 = 43K
shear fiom Colomn Slab tranfer
see Vu values from Shear § moment tyanfer spreadshéet
tota\ shecar
43¢ + shear from column Slab fransier < 100K

l

= for stud raiis 1o be vsed

Eg
Clinic. (N-8) N0Ompn

col. | Col.2 col.2 \s simitarto Co).2
.‘.fm\( ) 73.2+0= 133.2 ¥ 2212+ 0 =E_Z’r1i’-l Col.4 ts $¥ilar ¥ Cpi 4

Story S (5394497 28k 199,3+ 03140 L
Story 4 15604422 2B k1996 +hq= 21K

Story 3 206.4+85=[us.4 199, 2 +.2% 024K = Yequires Shear strods

Shory 2 144.24 9.3°1533 ¥ \b9.3+ 9,27 |pB5k bl ¢ greater man

Sory | 2163+ MARBIEY]  3h.a+ 5.=f336 K] punching shear
(212 ke

35502
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Appendix H: Edge Beam Design
H.1 Hand Calculation

Caitlin Behn AE Senlor Thesis Edge Beam Pesyay ‘/(,
F)_j U T Slab loading :
| SDL: 12psH
:<» edoe ) oL self weya ht of Conurcie
! W&rv ‘.‘ _L! BOpst
% U t Wy= 1.2 We + 1.0 W Le =80(0,25 + 'Sz
PRI S Wy = L2002 )(145pet )+ Rpss) L= 48 pst

= 'J[48ps£—_'\

M,= Yaw, J 12 iy
Mo =Y/9 (0.250 vs) (20" (30" - *°"/nt)* =320 -k

0.5Mg
Slao wilo beams betwetn Interid sypport §
w| edge beams$
p2oUs 0.30M s h
K
28 9.2 negative moment = 035M goes o (3
e i posihye momeint— 0.00M goes (S
v

Total Momen+|-2171% rk |3L3kH 1 50925 Kk ( tota) widtn =30
Moment |1 €S |-1b348H K| 217 gf+ ke |-301.2H K Col, SMp =1§°
Moment INMS | -S444 k| 145 .26k [F123FH K mid.sSmp= 3.5’

8s% of CS v beam

6. 1§41

136 .4 ~3724
4 T

Design for compatabitity Torsion

ext. end neg! -182.afF Kk
mid span pos: 195, 1# -k
f1ret - [1n4 neg: 22444 k.

assume beam dimensions

~ between 22 o dfg
= vzl =30 to *O%1%/i5 = 20"

h
h
b= 035h=19"

35502
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Caltlin Behm AE Senior Thesis | Edge Beam Desigh | 7

fry 24"x13"edge beam
= — Sla thickness

Wwlbeam web) = (24-12)x1® x S pet =2l?.Sp:-F/ |+, iidhn
(44?52

Wy = VZ2W, 4 Lo Wy

We= L2C (227X 145 pes) + ‘I'?.ps# + ZH'.SPS«?]‘-' (N7 C48ps& |
Wy=0.53 vsf

MD: /ﬁwu .pz,pnz
Mo = V6 (0.53¥st)(30°)( 30'-39/12)2 = |S03 4+ K

0.50Myp
6.20M ¢
0.30M,
5. 589
“42a ~1032)
e g

Tota|l Moment)-4509f .k |Isi.sHik =652, | 4 o) WidMh =%’
Mmoment 1n CS|-338 .26k | 4509¢Hk |- F8A.1f1K col. Strip=is "
moment in Ms|-n2.3% 1< [300.0ft K |- 203 4k mid. smp=3s

8357 of CS v bearm

B
{-z‘a;‘s - wo.al
Y

] 3 ¢

p=Bfc . (08)(5Ks1) =0.00%
44y (4)(Loksi)

w=pfy/fe = 0.03 ( 9Ok /5s)) = 0.204

= wic (I -0.59w)
R =(0.204)5)(1-0.59(0.204))=06.997 k§i

bd ? 2 My /¢|& = (6202 k- £4 x'2°/1’) = 992.S1ns
(0.9x0.293%Si )

d=235" N& when h=24"
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Cartlin Behm AE Senior Thesis Edge Beam Design [ %/,

. try 30"Xx 24" edge beam

Wlbeam mweb)= (30-12)x24 145 pct = 435 pst /16 widhn
V44 in?/142

Wy =02 Wy + |26 W,

We =12 CO2"20) (I4Spes) 412 pst T 4357 4 l.b[43p$$')
Wy = 0.3 s+
Mo :\/5 U)oja /Pnz
Mo = Yo (0.39ks$)(30')( 30'- 50 "/i2)* = 2240 .48 .
0.50 My
0.80Mm,
0,30 My
N20. 243 .1
l~’:?2.x -~ ¥548.3
4k e

Total Momend] -7z £4k | 102tk | -1509.354.6]
Moment in CS|- Sod. 1§+ L2 bk | -NFe.2f
Moment In Ms|- 168+ K | 44918 . |- 3921/ K

®S%0 04 CS 1o beam

S 2H . K

l—‘lzﬁ.s -‘m‘bl

£40k Ak

=p.01%
(E))=O.2,04
k= 0. D93 ¥si

bd? >Mv/ dr = (499,844 Kk x12"/1) = 4BL1.4 1n3
(0:9%x ©,297kS51)

d=249" assome d=23"
compuie required As for flexure
B=My[dbd?

b=(999.8¢ .6 x12"/v) = 0.702 = F2psi
(0.9 x24 % 232)

35508

April 4,2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 73




i : ' : Caitlin Beh
Nemours Children’s Hospital as a part of The Nemours Foundation SR
Structural Option

Catilin Benm l AE Senior Thesis lEdgc Beann Design 4/(’

Table A3 "Vales of flexyral reststance factor ¥ (pss) for
grodt-oo reinforcement.”

P: 0. 014!
As‘-Pbd = (0.0141)(24)(23)=9.14 in?
4

- repear for each ‘condinon Cmid spon £ ext. neg.)

First 10ty (0¢ SUPPOTT Neganve movnent: As=2.14in?

Mrdspon posifive Monatnt « As 2 4.9%in2
ExYevior Support l‘-f.a(mv& moment: As - 3. 64in?%

W| tnis eshmate werate once to have dbetter esnmate of
e \ever arm J

0= Asty [(0:8Sfcb) = c'q.\mnz)wo,ooo) (0.95 (s000)(24)) = 5.3 1n
As= h/?/u /(b{»‘y -(d-4a/2) =(qqq M%) /(o4 (wo)) - C23 -S-33/z]]=¢.\4,nz

i No fourther 1Terafions gre necessary since the estimated \ever
‘ avYm was vevy reasonable. vse b=24* h=30* and As -9, i
Bars will be selecred loer.

Usm“? ACI318-09 €q.10-3 4p Check That the Y<inforcement
proviced 1s more tnan e minimum requive

‘ for +£'c = 5000 |, 3{s000 = 212.2 > 200 - VSC Z12.\ps
! As, min = 2”-'/#\, buwd = Z‘Z-VUO,OOO X24 X 2% =224 in?49. A"/

Also calcvlate e Siyain In e extyreme \a\{cr of ¥ensyon
Steel bveriby mat assuming $=04 is vaud.

a= Asty /095t b= (9.14)(00,000)/C (085 )(5000)X 24)]
=5 2Rn -
3= 0% blc F'c =5000ps)
C=9/p = 539 /08 = ©.33n
gy = (d-c)/c x &, = (27-678)/0.33 X 0.00% = 0,009 3 0,005
.. permitted to use ¢ =09 for ts beam design

Design for forsion § Shear

At d= 23" qway from me face e factored torsion is:
Tu = 1384aft-¢ (ext.end neq. calec on pg.l)

At d= 73" dway_fromine fdce me factored sheax 15 "
No= 1.2 C304t- 2 i %) x Aok 0.435¢ss +1, 6T 0048 ksf J(2000%4 )]
Vu'—‘ ?OL
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Edge Beam Design | b

Cortlin Behm | AE Senior Thesis

Shoutd torsion be considered?
] 3 '¥—41"—H‘

Ton = OMTE (Aer/pr) ! !
Ace = 30%24 5 12%1D =9430\n* a0 T
Pep= 30124415t 18+ 12142-144" l ;

; H——24\ —F— 13"
Tin = 0.35 x\ 5000 (#U°/144)=20 ¢ 4

Since ™2 T Yorsion must pe considered.

Check whemer the sechion dimensions are Suffrcient 10 wWiin stang
e tomboined shesscs dve +to Shear and torsion.

[ETRT « 4% o

bed 17 L1

assuming B4 Stirrops
Ph=2830%-2x1.5% -2 %0.25%4 24 - 2x1.5*-2x0:25"] = 94"

Aon= (30"- 2%1.5%-2x0.253 xC24-2x1.5"~ 2x 0, 25" ) = 543In*

» J[_t’—roz ]’-,[\36.’\(14) & DS [2 5000 x24%2% | aJsooo]
2423 L?—(y43)’] 24 x 2% v
0. 114 kst £ 0.530ksi . the 5ecnon 1§ subhiciently jarge

Determine the Qrea of shirmops required 1o resist Voo
; Ve = 2¥fc bwd = 25000 X 24 x27 =9l ek

Vs= Vol -V = 70 /035-9l.4k = .33k
Avfs = V’/Fy,o‘ = L33k /@(pOksx)(Z?m)] = 0,001 n*/in .

Derermine Me addihonal area of SNirvups required to resist Ty
Tn=W/o.1s
Ta= 1332 /0.76 = \2S.2ft K

. Using Ac= 0.9 Aow
%A/s }Th/zA‘{'Yt cota Q(\ssﬂ'KX\Zv/‘“’)/(2,(0.35,(543)((‘()* CO€1S°)

> 0. 0401n2/in

Evdlvate the toial requived drca of shirnps:
Tor Sfvenghn: 0.00) N2/ |0 + 2 x 0. 040 1n2[in = 0,081 W?/y, &— Coprpls

minimoun requirec: 0bw |4y, = OX24 /0,000 = 0.02 12 /in
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Cartlin Behm ' AE Seniov Thesis l Edge Beam Design | %

Determine snnop size and spacing
28 4

max < %?hlﬁ =04 g =1 35"
dl2 =732=Bs"

fry #3 Sniwps | s £ 2%X0.1lm% - 2.321n
0.08\!I"2/\n

try ¥4 shrps, S £ 2 x0.201n2 = 4.941n <— Use $4C 4"
0.0%91n2)ip

‘f) YorSion:
Pn [fL o260 = (0.040m2/in 1 (47 )(1.0)(10)
92 = 3%pin?

veqd: Af,.: S¥ic Acp [ %
min. req i (;lc, %p(#)]

#4@ 4" > 020152 - 005 '"*/in 2 25(24) = 0,01 0%,
4in 0,000

Derermine Me need for longitud inal reinforcement resishn
for sivength: Ag = [ﬁ?
S

TCOnTYD‘S

Afmin = 515000x 930 1n%  _ 0.051n% 4 441 x1.0= 0.9 In?*

{00 £5i n
vse Ap=3.3In?

Wngivdinel baxs are vequired in e Conur of each shnup.

ongrivdinad bars musy be Spaced no More Than 12" apari ovound
e penimeder of Me secnon, 50 a ber is needed 1 me midde
of eachface. SO 30 bars are require

Ared /bau’ = 3.30In*/30pars = 0.125 \n? [par
Select #4 vars along e bottom

The reintorcement required along me top of the beam for
resisting moment and forsion 1s™

As=94\4in%+ 3x0.1251m%2 = 9.52In?

select+ 10(#4) bars along me Yop 0 e beam such Mat,
As= 10 A= 10( 1.0n?)=10in? 3q.52n* ‘/
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Appendix I: Foundation Check
1.1 Hand Calculation

Caitlin Behm ‘ AE Senior Thesis | Foundation Check ‘/‘

Typrcal Interjor Columin (Both Hospitdl 5 Cligre )

ANk Trib Area =900f42
i I 1.0 Tloors V-G
| o S
./ $PL = Rpst ciypical Hoor)

L et Lol DL =self weig hi of Concrete =148 pef (%'h)= \45ysf
b e 2ok o LL=%Opsi’
15! 15’ LLe =80 (0.25 4 'S/NZ2GoYen) = 4‘6(75%
Tloor +

SPL= 12pst (Hyprcal floor)
DL= 2 pst (Mecnanical)
LL= IS0 pst (mechanical)

L = 1350 (0.25 1 'S/ 26G0)0) ) = Al pst

Floor 8 -
L = 24 pst (typical roof )
DL= 35 pst (deck weignt)
W= 20ps§ (rypical voot)

W‘,:LZWb*‘.UNL
Wy = |»2El4's?35 tRpstIr1.b[ 48pst)
Wo = 205.2 ps¢ > Hypical for floors -

Wy = \.zwb:u, No
Wo=1.2Cizest + 62pst I+ 161 pst)
Wy = 224.4 pst — floor 7

Wo = L2wp + LW
Wy = 1.2[24pst +35pst ] +1.0Co0pst]
Wo = 150 .8 pst = floor ©

Voefoondaton = 0L (900142 (2654 pst )] + ((100#42)(234. 4 ps) ] + [(A00#2) 15D 8]
= {F+5HK

Tprcal Tooring (Bom tospital 2 Clinic)

Toohing Ared = 232.25H 2%

n
[
ik . P/p="13%0,000 \bs jz32 250 % = (0S3B pst
' %2“ L CVA’ %Zoo Fs!r -»lg\ven in mcmﬁrsal drawm%s
: —\\So‘l(—'}x :
N T G | Pin=053% pst 4%“: B0 psf o
ks -
Addinonally, P/A%9a § Minimal remforce.
anchor bolfs: #sep" 5, pinned base assum phion when
Yein for Cement: 12 H9 devewy\nﬂ compoiey nodels of NCHTRE

35502 >

April 4,2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 77




i : ' : Caitlin Beh
Nemours Children’s Hospital as a part of The Nemours Foundation FEEE
Structural Option

Appendix J: Daylighting Spreadsheet

J.1 Sun Angle Calculations — Summer Solstice Example
Solar Time, Solar Geometry, and Daylight Availability

_= User entered values

= Computed values

June - 21 1200 PM | Eastern Standard (GMT-5:00) v 28 5" 81 4" 00" Clear n

1055 10:33 AM 6:32 AM 821 PM 234° 69 9" 805" 805" 867" 865"

8,977 1,470 10,447 M6

51,524 15,818 67,342 2,877

Note: Calculations determine by Caitlin Behm. Excel template created during AE497D with
Professor Kevin Houser.
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J.2 Sun Angle Calculations — Summer Solstice Complete 24 Hours Study
Available llluminance Calculations

= User entered values
= Computed values

Solar Solar  Elevation

Chart Titles ==> ) . . Incident Profile Sun Sun Sk: Total
Altitude  Azimuth _Azimuth Y
Direct Direct Direct
Clock Solar Solar Solar Solar : : : Horizontal Total
Clock Time . . ) Incident Profile Normal Horizontal Vertical )
Time Time Time Time Altitude ~ Azimuth = Elevation Unobstructed ~ Horizontal
(AM/PM . . . Angle Angle Solar Solar Solar N
(Decimal (Decimal  (Clock Angle Angle Angle  Azimuth . . . Sky llluminance
Format) " (degrees) (degrees) llluminance llluminance llluminance .
Format) Format) Format) (radians) (degrees) (%) () () llluminance (Ix) (Ix)

Note: Calculations determine by Caitlin Behm. Excel template created during AE497D with
Professor Kevin Houser.
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J.3 Sun Angle Calculations — Winter Solstice Example
Solar Time, Solar Geometry, and Daylight Availability

I = userentered alues

= Computed values

Decerber | W Fal 12:00 PM Eastern Standard (GMT-5:00) [ 28 5" 81.4" 00" Clear n

11.61 11:36 AM 718 AM 529 PM 234" 3rr 69" -6.9" 383" 379"

5,551 1,201 6,753 7121

=k

22,781 12,927 35,708 617 |

Note: Calculations determine by Caitlin Behm. Excel template created during AE497D with
Professor Kevin Houser.

April 4,2012 The Nemours Children’s Hospital as a part of The Nemours Foundation Page 80




Caitlin Behm

Nemours Children’s Hospital as a part of The Nemours Foundation :
Structural Option

J.4 Sun Angle Calculations — Winter Solstice Complete 24 Hours Study

Available llluminance Calculations

= User entered values
= Computed values

Solar Solar  Elevation

Chart Titles ==> Altitude | Azimuth | Azimuth Incident Profile Sun Sun Sky Total
Direct Direct Direct .
Clock Time Clock Solar Solar Solar . . Solgr Incident Profile Normal Horizontal Vertical Horizontal Total
Time Time Time Time Altitude ~ Azimuth  Elevation Unobstructed = Horizontal
(AM/PM . . . Angle Angle Solar Solar Solar N
Format) (Decimal - (Decimal - (Clock Angle Angle Angle  Azimuth (degrees) (degrees) llluminance Illluminance llluminance Sky lluminance
Format) Format) Format) (radians) (degrees) 9 9 llluminance (Ix) (1x)

() (1) (1)

Note: Calculations determine by Caitlin Behm. Excel template created during AE497D with
Professor Kevin Houser.
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Appendix K: Aluminum Mullion Design
K.1 Hand Calculation

Caitlin Behm AE Senior Thests Mylien pesiagn Yo
Mullton Desian
f T wind load : 1Bpst ! assumpnon: it has been
- 1572453 m assumed thatr the
expanfion joint of
/f;/ l%;:@ «x5'=90 pif of g mutlion 1g
' frond (i.e. m#o)
) ]s « 4530 %0y 4.5934= |.3) EN/m
i |
L\( *
3 1
Bending ossumphon: TS alum.
4 M maox qm q X L—
= 00703 A(\al UJ/m' X 4.53'»1".11
= .92 EN-mMm

r‘A nax - %nv'/"'v A :“z
= = 0.125 x( 1.31 tNJm) x (4.53Im)?
- 3.42 KN ‘'m <— Conhols

Toending = Meft = M/s
’ .

(69,000 KN/m? = 3.42¥N-m /;‘
37 490E-5m? /
4" =101 Loy

4“ SS mry /
S & I/J L
SbSEmm® £ (Viz)(lo1 bXioke=(M)uoLe-2)\e-») V / / / 4/ /]

560.8
5179902 £ 8831003 - ('/lﬂ(low 24 )10, -2t —t” ;
~ L3130 4 Y12) (10w <2 )(lol b-2412 .
Q341 = 10l.00 -2€ 101, lommn
- 8.3 ==2t,
t = 4.00 fvm <— onrealisfac try t= Bmm
Shear
Omax = °f..} “L
S 0025 XUSBIEN ) x (A SFmY
=3 44&’_!\5
T= (32 }(¥n)
7N |pm > = 32 (B340N)/a
A=151.01 mmw
151.0 £C10LL)( 1ol.6) - [ (1oLt -2¢t) (lole-2e)])
1013096« ((1o1b-2)7]
12 0.33 mm & unrealishic
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Cattlin Behm AE Senior Thes 3‘ Mullion Design | %
Deflection COntiots
r v S
Thoy = S x f} ) I ‘/(oo_er fatlow = Fa”/p,o or 20 mm
=0.521x L1331 EN [m )(4.53)° /100eT = 4530 = 25.4mm
= 298 (N m3) JET (kN m2) 1%
Fmox. = 249 « 0™ (N mm?

~

(30, 000 Mlmm®) € Yz Clot 001016 - Yiz (101.6-2(8)) (016 - 2(5))% ]
.00 mnt WOwmm

le +=9mm for dluminum mollion deStgn]
1 o0 s S S A |
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