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Project Info         

Delivery Method: Design-Bid-Build       

Cost:  $ 56 Million                             

Size: 161,000 SF              

Floors: 7                             

Architecture 

Saw tooth reveals on the northeastern façade give the building some bite    

Each floor is a mesh between offices and classrooms.  The architect hopes that 

this mesh will help to bridge the gap between faculty and students.              

Centralized sky lit atrium that serves as the building’s main staircase 

Structure  

Predominantly constructed of  2-way post tensioned plate slabs and continuous 

drop panel systems, depending where you are located in the building      

Lateral system: concrete moment frames                                  

Foundation: a network of spread footings connected with grade beams 

mechanical 

Primary cooling units are two 350 ton chillers located in the basement run by VFD’s 

Primary heating provided by four natural gas boilers located in the penthouse         

The design also utilizes four energy recovery wheels for energy savings 

Project Team 

Structural: Tadjer Cohen Edelson Associates 

Architect: Payette Associates      

MEP/FP:  Affiliated Engineers                

Construction: Whiting Turner                

Lighting: Atelier Ten   
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www.engr.psu.edu/ae/thesis/portfolios/2013/ejl5104/index.html 

Electrical 

Lighting is a mix of fluorescents and LED’s  

Panels distribute 3-phase 480Y/277 and 

208Y/120 volt power        

750kW generator for emergency power 

 

Photos courtesy of Payette Associates 
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Executive Summary 

This report determined if the University Health Building could be relocated to Orlando, Florida.  The 

determination of the cost, changes to the lateral system and foundation, and analysis of the build-

ing’s envelope were carried out to answer the above statement.  

The relocation of the UHB is feasible based on a scope of elements that were analyzed in this re-

port.  Other items such as availability of materials needed, and the cost associated with these 

changes would also need to be analyzed.   

It was determined that the relocation of the building would require the addition of 7 new shear walls 

and modifications to the existing shear wall.  The addition of the shear walls resulted in an increased 

cost to the building of $118,694.   The foundation of the building was also analyzed and determined 

to be inadequate.  The foundation system would not only have to be changed in size but also in 

type.  Caissons were used to carry the new load.  It was determined that each of the shear walls 

would need two caissons, and the columns would each need one, resulting in a total of  63 new cais-

sons.  The cost of the foundations change from spread footing to caissons including caisson caps 

was determined to be $570,954.  This resulted in a total increase to the building’s cost of  $689,648. 

Lastly, a typical section of the building’s envelope was checked to determine whether or not it would  

be able to perform in Orlando, Florida.  After analyzing both the walls condensation point and R-

value, it was determined that they will be able to perform without change.  This is due to the metal 

panels that enclose the insulated middle portion of the wall. 
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Building Introduction 

This new 9 story 161,000 square foot building will be a great addition to the university's campus. It is 

being built to house leaders in the public and private health policy sectors.  The building is a mesh 

between office space and student classrooms nestled around a central sky lit atrium.  The architect 

hopes that this mesh will help to bridge the gap between faculty and students.  The classroom area         

appears as if the classrooms are floating on clouds in a glass enclosure.  The concrete structure is   

enclosed by a curtain wall which is the building’s main architectural feature. The curved saw blade-

like curtain wall system encompasses one quarter of the building's façade and gives the building an 

edgy appearance. 

The building façade is constructed of many different types of materials, ranging from stone to metal.  

The building’s first floor is covered by a 

stone veneer giving the building a very 

stereotomic base.  The rest of the build-

ing is clad in a mixture of glazing, metal 

panels, and terracotta.  The West and 

Southeast facades are relatively similar to 

one another.  They both have a pattern of 

terracotta, metal paneling, and glazing 

above the first floor with the majority ma-

terial being covered with the terracotta.  

The south and north facades are also 

very similar except the south facade has 

an aluminum sunscreen system in place.  

Otherwise, these ends of the building are 

almost fully glazed.  Lastly, the curved 

curtain wall with reveals located on the 

northeast side of the building is com-

posed of mainly glazing with the reveals clad in terracotta.  Some of these features can be seen in 

Figure 1. 

The majority of the roof is a garden roofing system.  The system used on this project is the Sika Sar-

nafil Extensive Greenroof system.  It uses 3in. of growing medium as well as pavers for mainte-

nance.  The rooftop penthouse will be covered with a fully adhered white, 60mm thick PVC mem-

brane with a layer of 8in. thick tapered polyisocyanurate insulation boards underneath.  

Lastly, the University Health Building is registered as a LEED – NC 2.2 Silver building.  This rating 

includes many different LEED credits involving the façade, roof, and internal systems.  The main 

points came from the heat island effect roof system, the building’s proximity to transit, and use of ef-

ficient plumbing and lighting fixtures.   

Figure 1:  Photo of Northwest corner of building showing façade 

materials. Rendering by Payette Architecture. 
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Structural Overview 

Foundation 

The foundation of University Health Building (UHB) consists of spread footings at the base of 

each column.  On the western block of the building, the engineers utilized a grade beam and 

spread footing combination to help with the bracing of the basement wall shown in the Figure 2 

below.  This was not used on the east side of the building due to the absence of any underground 

levels.  The spread footings are to be set on bedrock suitable to hold about 30,000psf according 

to the Geotechnical report. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2:  Grade beam and spread footing combination, taken from drawing S1.1 

Floor Slabs 

The basement level  and ground level floor slabs are similar in the fact that they both have a relative-

ly thick floor slab and drop panels comprised of high strength concrete in order to minimize the 

amount of beams necessary to handle the 21 ft. spans.  Once you leave the ground floor, you will 

find that the slabs change from what was mentioned above to a post tensioned slab system. Also, 

above the ground floor on the east half of the building, the slabs have large continuous drop panels 

running between select columns.  This type of system extends all the way to the penthouse slab with 

variations in slab and drop panel thicknesses. 
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Lateral System 

Since the walls of the UHB building are non-load bearing,  the lateral loads, due to wind and seismic, 

must be resolved by the columns and slabs of the building.  The dominant lateral system of the UHB 

is concrete moment frames consisting of the post-tensioned slab and interior/exterior column sys-

tem.  In the case of wind, the load is transferred from the cladding to the exterior columns and slab 

edge. Then, it is distributed to the interior columns through the slab, and finally, it’s transferred to the 

foundation through the columns.  The lateral system also utilizes one shear wall located beside the 

elevator shaft.  The shear wall is called out in Figure 3.   

 

Figure 3:  Location of shear wall, taken from S1.8 
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Roof System 

The roof system is comprised of two different levels.  The first being the lower roof where the green 

roof is located, and the second is the upper roof that covers the penthouse.  The lower roof is a 12-

14in. thick post tensioned slab and topped with a green roof system where exposed to the outside.  

The upper roof is supported by an 8in. post tensioned slab.  Also, a portion of the penthouse roof is 

spanned with steel beams with a glazing system overtop to serve are the skylight for the central stair 

tower.  Figure 4 below shows a partial roof plan showing the integration of the post tensioned con-

crete slab and central skylight area. 

Figure 4:  Integrations of both steel and concrete systems on roof, taken from drawing S1.11 

Stair Tower 

Skylight 
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Codes & References 

 

Design Codes  

 Building Code  

  International Building Code - IBC 2006 system  

 Reference Codes 

  American Society of Civil Engineers - ASCE 7-05 

  American Concrete Institute Building Code - ACI 318-05, ACI 530-05, ACI 530.1-05 

  American Institute of Steel Construction - AISC 360-05 

   

Thesis Codes 

 Building Code  

  International Building Code - IBC 2009 

 Reference Codes 

  American Society of Civil Engineers - ASCE 7-05 

  American Concrete Institute Building Code - ACI 318-08 

  American Institute of Steel Construction - AISC 14th Edition 

  American Society of Heating, Refrigeration, and Air-Conditioning Engineers - ASHRAE 

   2005-2008 Handbook 

 Handbooks 

  Concrete Reinforcing Steel Institute Handbook 2008 

  RSMeans Building Construction Cost Data 2013 

  ASHRAE 90.1 Energy Standard for Buildings Except Low-Rise Residential Buildings 

   2010  
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Material Strengths 

General material strengths were found on S4.9 and are displayed in Figure 5.  The general types 

and strengths can be overridden per special callouts on the floor plans.  On many floors, slab 

strengths are a combination of 6000psi and 8000psi.  See Figure 6 and 7 for good examples of the 

drawings superseding the general strengths.  The figures show variations in concrete strength as the 

building elevation increases and slab thickness increases. 

 Item Type Strength 

Steel Beams ASTM-A992 Fy= 50 

Post tensioning Tendons ASTM A-416 Fu= 270 

Reinforcement ASTM-A615 Fy= 60 

Masonry ASTM C-90 f'c=1.5 

Grade Beams NW Conc. f'c= 4 

Column Footings NW Conc. f'c= 5 

Slab on grade NW Conc. f'c= 5 

Floor slabs NW Conc. f'c= 6 

Columns NW Conc. See Fig. 

Figure 6:  Variations in column concrete 

strengths per level 

Figure 7:  Variations in slab concrete strength  

Figure 5: Material strength table 
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Proposed Structural Depth 

Problem Statement  

As concluded from Technical Reports I, II, and III, the UHB adequately meets structural strength and 

serviceably requirements for its current location in the Mid-Atlantic, but what if the building were no 

longer located in the Mid-Atlantic?  Many companies and institutions have trademark building archi-

tecture that helps them to distinguish their brand, as a form of advertising.  On the outside these 

buildings may appear very similar but on the inside they may need be very different to meet the 

structural and serviceably requirements of the building’s location.  The building’s location can drasti-

cally change its lateral system due to it being located in either a wind or seismic controlled region. 

This is an issue that designers face on a regular basis.  To the public, the building will appear the 

same as its similar counterparts, but the building’s internal components are designed to meet the 

requirements of the building’s location. 

 

Proposed Solution 

For the depth of my senior thesis, I employ that the university is opening a new branch campus in 

Orlando, Florida and would like its building to be the same as the University Health building in the 

Mid-Atlantic.  This will have an impact on the building’s lateral system as it moves from its current 

location, where seismic was found to control lateral loading, to Orlando where wind is the controlling 

lateral load.  This will be an interesting academic experiment as the lateral system will need to be 

revamped to account for the hurricane force winds.  This will be done by the addition of more con-

crete shear walls to the UHB, which currently has one shear wall.  The shear walls will help to make 

the structure more rigid allowing it to withstand the greater lateral loads.   

The first challenge is that the new shear walls will have to be incorporated into the building’s archi-

tecture.   This may require small alterations to the floor plan, depending on the amount of shear 

walls necessary.  

Also,  the foundation will then be analyzed for the new loading and altered as necessary.  Due to the 

increased wind loads, the possibility of having uplift forces on the foundation is increased.  Critical 

spread footings will also be analyzed  for the new soil type at the building’s new location. 
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ETABS Model 

A model of the UHB was constructed in ETABS in order to analyze the effects of the lateral force 

due to wind on the building.  All columns, floor slabs, drop panels, and beams were modeled with 

their correct material properties so that the dead load of the building could be accurately determined 

by the program.  The modulus of elasticity for all concrete strengths were halved to account for 

cracked section properties in the model. This is required by ACI 318-08 section 8.8.2 to calculate 

lateral deflections due to the inelastic response of the concrete members. The floor slabs were mod-

eled as rigid diaphragms and the shear walls were modeled as shell elements so that they would on-

ly have in-plane stiffness.  The shear walls modeled as shell elements will be important as the shear 

walls will only be designed to resist flexure in one direction.  ETABS was then used to generate the 

wind loads and dead loads to be used in the load combinations required by the 2006 International 

Building Code.  It was concluded in Technical Report 3 that the wind loads generated by ETABs to 

be very similar to those calculated by hand.  Live, superimposed dead, roof live, and green roof live 

were placed in their respective areas as well, so that all load combinations could be utilized.  The 

varying wind load cases from ASCE7-05 were also used.  The ETABS model is depicted in Figure 8 

(including the new shear walls).  The load combinations are shown in Figure 9.  Figure 9 also points 

out the controlling load cases that were used throughout the analysis process as all combinations 

were tried.  Figure 10 lists the live loads that were used in the load combinations.  The superim-

posed dead load used was 10psf.  

Structural Redesign 

Figure 8:  ETABS Model 
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Figure 9:  Load cases used in design.  Arrows indicate the controlling load cases. 

Wind Load Cases 

1.0WX 

1.0WY 

.75WX + .75WMX 

.75WX - .75WMX 

.75WY + .75WMY 

.75WY - .75WMY 

.75WX + .75WY 

.563WX + .563WY + .563WMX + .563WMY 

.563WX + .563WY + .563WMX - .563WMY 

.563WX + .563WY - .563WMX + .563WMY 

.563WX + .563WY - .563WMX - .563WMY 

1.4D 

1.2D+1.6L+0.5(Lr or S or R)                                            Controlling load combination for axial 

1.2D+1.6(Lr or S or R)+(0.5L or 0.5W)                                 

1.2D+1.6W+1.0L+0.5+0.5(Lr or S or R)                     

1.2D+1.0E+0.5L+0.4S                                              

0.9D+1.0W                                                                         Controlling load combination for lateral 

0.9D+1.0E 

 

Controlling wind cases 

Structural Redesign 

Figure 10:  Live Loads used for design. 
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Figure 11:  Design wind speeds from the Orlando Building Code. 

Structural Redesign 

Shear Wall Design 

The number of shear walls used for the new design was an iterative process which included the 

lengthening and the addition of shear walls as necessary in the before mentioned ETABs model.  

This guess and check process was used until the standard practice requirement of h/400 for story 

drifts was met.  The building’s story drifts will be discussed in detail later in the report. 

In order to keep with the pre-established program of the building, the walls were constructed of 10ksi 

concrete at the base and decreased to 4ksi at the penthouse.  This transformation is demonstrated in 

Figure 6.  The shear walls were designed 12in. thick with boundary elements located in each end 

within the wall’s 12in. thickness.  

 The wind velocity that was used for the design in Orlando was found to be 145mph.  Orlando is a 

hurricane prone region, and the 145mph design wind velocity is set by their local code thus overwrit-

ing the velocity given by ASCE7-05. This velocity increased greatly from the 90mph that was used for 

design in the Mid-Atlantic.   Figure 11 shows the excerpt from the Orlando Building Code stating that 

for Risk Category III 145mph shall be used.  Figures 12-14 show the story forces and overturning mo-

ment that were calculated using ASCE7-05.  Max moments and shears were then calculated by en-

tering all load cases into the ETABS model.  It was found that the load case 0.6D+1.6W controlled 

the design.  These forces were then used for the design of the 8 new shear walls. The walls were de-

signed for the forces at ground level and then checked at each story where a change in f’c occurred 

to assure that they met strength requirements.  The calculations for the story forces can be found in 

Appendix A.  Detailed calculations for the shear walls can be found in Appendices B-E.   
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Structural Redesign 

Figure 12:  Wind loading diagram for west wall 

52k 

153k 

291k 

284k 

260k 

254k 

244k 

233k 

272k 

118,6791ft-k 

2,086k 

E W 

Figure 13:  West wall story forces 

Figure 14:  South wall story forces 
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Structural Redesign 

Boundary Element 

Temperature/Shrinkage and Shear Reinforcing 

Figure 16:  Typical shear wall rebar layout (not to scale) 

Figure 15:  Rebar required for each shear wall 

Shear Wall Design (cont.) 

For ease of construction,  walls of the same length were given the same rebar configuration even 

though calculations show that they will be over designed.  This will help to alleviate confusion while 

the shear walls are being constructed.  Figure 15 displays the rebar necessary for each shear wall.  

In most cases,  shear reinforcement was not needed.  This was due to the reinforcement needed for 

temperature and shrinkage being the controlling factor for design (ϸmin=.0025).  The typical layout of 

reinforcing can be seen in Figure 16.  The different detail for the rebar on the ground floor of walls 1 

and 7 due to a door opening can be found in Appendix C. 
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2 3 4 
5 

6 
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8 

Shear Wall Placement 

The solution for the placement of the shear walls was restricted by the building’s existing architec-

ture.  One had to be sure not to interrupt the flow of the architecture with rouge shear walls.  The fi-

nal shear wall placement was able to be completed with only minimal changes to the building’s ar-

chitecture.  The placement of all the shear walls can be seen in Figure 17.  These walls were used in 

conjunction with the concrete moment frames shown in Figure 18 to resist the lateral forces.  All of 

the areas that required slight changes to the architecture are shown below in Figures 19-22 with 

suggestions or explanations of the changes that will be required for their new location.  The remain-

der of the shear wall locations were able to be placed without any alterations to the floor plan, other 

than some walls will have to be built slightly thicker.  This occurs in some office space as well as the 

restrooms.   

Structural Redesign 
N

 

S
 

E
 

W
 

Figure 17:  Shear Wall Layout 
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Structural Redesign 

M
F

1
 

MF7 

Figure 18:  Location of  lateral moment frames  
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NS Moment Frames 

EW Moment Frames 
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Figure 19:  Shear wall 2 is located in the Pre-function Space.  The shear wall helps to render this seating area into its 

own space rather than having it as part of the hallway.  The function’s patrons may like this privacy while they are waiting 

for the beginning of their event. 

Figure 20:  Shear wall 2 intersects with the exercise room located on basement level B1.  This will require some shifting 

of the closet spaces and an increase in their depth. 

Structural Redesign 
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Figure 22:  Shear wall 6 will intersect with the Trash and Recycling Room.  This should not create any problems due to 

the utilitarian nature of this space.  

Figure 21:  Shear wall 5 will require an extension to an existing closet wall.  This will give the Body Composition Room 

more closet space, though it does reduce its amount of floor area.  The new layout of the room does not interfere with 

equipment layout.  

5 

Structural Redesign 
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Figure 23:  Original lateral system drift results 

Structural Redesign 

Story Drifts 

This analysis only considers wind forces on the building to calculate the story drift. Story drifts were 

analyzed twice with results taken from ETABS.  The first analysis was for the original building to de-

termine if the building’s initial lateral system was capable of resisting the new loading.  The building 

did not meet industry standards for story drift using its original system.  See Figure 23.  Thus, more 

shear walls were required to increase the strength of the lateral system.  A second analysis was 

done after the addition of the new shear walls. Figure 24 shows that the new design falls just under 

the industry standard.  
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Figure 24:  New lateral system drift results 

Structural Redesign 
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Foundation 

When increasing the lateral loads of a building, one must check the impact that increase has on the 

foundations supporting the lateral elements.  Also, the move from the Mid-Atlantic to Orlando 

changed the soil type drastically.  The building went from spread footings on bedrock to the sandy 

soil found in Florida.  In order to stay with the program of the building, spread footings were tried 

first.  It was determined that the bearing capacity of the soil in Orlando was between 3-4ksi.  This 

was not enough to carry the loading of the building.  In order to fix this problem, the use of structural 

fill was assumed to increase the bearing capacity to 8ksi.  Calculations were completed based on 

the 8ksi bearing capacity, and it was found that 8ksi was enough to design a spread footing for a 

typical column in the moment frame, but could not handle the loads of the trial shear wall.  The trial 

shear wall and column are depicted in Figure 25.  The shear wall’s spread footing would have to be 

much too large in plan and depth to handle the overturning moment. The shear wall spread footing 

could not be enlarged due to conflict with other spread footings surrounding it.  See Appendices F-G 

for detailed calculations for the column and shear wall’s spread footings.  The single shear wall from 

the existing lateral system was used as the trial shear wall in the new lateral system with hopes that 

the new spread footing could be compared to the old to determine a percent increase but this was 

not possible.  Allowable Stress Design load cases were used for determining the load for  the bear-

ing on the soil and Load and Resistance Factored Design load cases were used when determining 

the loading for the spread footing. 

 

Structural Redesign 

Figure 25:  Floor plan with trial shear wall and column highlighted 
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Figure 26:  Caisson results for trial locations 

Structural Redesign 

Foundation (cont.) 

The building needed to be changed to either a deep or a mat foundation.  The author of this thesis 

chose to use a foundation consisting of caissons.  See Appendices H-I for calculations of the cais-

sons and caisson caps for  the shear wall and column.  The caissons were designed using  a shaft 

and bell configuration.  A bedrock bearing strength of 20ksf and a depth to bedrock of 50ft. were as-

sumed due to the author not having geotechnical data. Tables from the CRSI Handbook 2008 were 

used to determine the size of the caissons and can be found in Appendix J.  Figure 26 shows the re-

sults of these calculations. 
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Shear Wall Cost 

The shear wall cost was determined using section 03 30 53.40 of RSMeans Building Construction 

Cost Data 2013.  This section includes forming, placement, grade 60 rebar, 3ksi concrete, labor, and 

equipment.  This section if subdivided for 12in. concrete walls with heights of 8ft. and 14ft. so inter-

polation and extrapolation had to be used for the wall heights found in the UBH.  Also, due to the 

concrete material used in the UBH not equaling 3ksi as intended by section 03 30 53.40, an addition 

had to be made to the material cost to account for alternate concrete strengths.  Sample calculations 

for this estimation can be found in Appendix K.  Figure 28 tallies the total cost of the shear walls.  

The total cost was found to be $118,694.  The cost of the existing shear wall (shear wall 3) was not 

included due to this calculation being used to determine an increase to the cost of the building. Cost 

data used for calculations can be found in Appendix N. 

 

Caisson Cost vs. Original Spread Footing Cost 

A cost comparison was conducted between the building’s original spread footing system and the 

new caisson and caisson cap foundation.  The associated costs were determined using multiple sec-

tions of RSMeans Building Construction Cost Data 2013. A depth of 50ft. was assumed for the 

length necessary for each caisson.  The final cost comparison can be found in Figure 27.  It was es-

timated that the proposed caisson system will cost $570,954 more than the original system.  De-

tailed calculations can be found in Appendices L-M and cost data can be found in Appendix N.  

Proposed Breadth 

The upgrades to the UHB will cause a cost increase to the owner.  This breadth study will determine 

the amount of this increased cost for both the shear walls and foundation.  Also, the foundation 

schedule will be analyzed to determine the time increase due to the foundation needing to be 

changed from spread footings to caissons.  The shear wall schedule will not be analyzed due to  

minimal schedule increase as the shear walls will be formed along with the rest of the building.   The 

cost analysis will be done using RSMeans Building Construction Cost Data 2013. 

Figure 27:  Foundation cost breakdown 

Breadth I: Cost/Foundation Schedule Analysis 
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Wall Floor

Story 

Height 

(ft)

Length 

(ft)

Thickness 

(ft)
f'c (ksi) C.Y. Cost/C.Y. Total

1,6,7 7 13.5 11 1 4 5.50 397$          2,182$            

6 12 11 1 4 4.89 363$          1,776$            

5 12 11 1 6 4.89 384$          1,879$            

4 12 11 1 6 4.89 384$          1,879$            

3 12 11 1 8 4.89 462$          2,260$            

2 12 11 1 8 4.89 462$          2,260$            

1 18 11 1 10 7.33 650$          4,765$            

2 7 13.5 10 1 4 5.00 397$          1,984$            

6 12 10 1 4 4.44 363$          1,615$            

5 12 10 1 6 4.44 384$          1,708$            

4 12 10 1 6 4.44 384$          1,708$            

3 12 10 1 8 4.44 462$          2,055$            

2 12 10 1 8 4.44 462$          2,055$            

1 18 10 1 10 6.67 650$          4,332$            

4 8 18.5 8 1 4 5.48 467$          2,558$            

7 13.5 8 1 4 4.00 397$          1,587$            

6 12 8 1 4 3.56 363$          1,292$            

5 12 8 1 6 3.56 384$          1,367$            

4 12 8 1 6 3.56 384$          1,367$            

3 12 8 1 8 3.56 462$          1,644$            

2 12 8 1 8 3.56 462$          1,644$            

1 18 8 1 10 5.33 650$          3,465$            

8,5 8 18.5 10 1 4 6.85 467$          3,198$            

7 13.5 10 1 4 5.00 397$          1,984$            

6 12 10 1 4 4.44 363$          1,615$            

5 12 10 1 6 4.44 384$          1,708$            

4 12 10 1 6 4.44 384$          1,708$            

3 12 10 1 8 4.44 462$          2,055$            

2 12 10 1 8 4.44 462$          2,055$            

1 18 10 1 10 6.67 650$          4,332$            

Total 118,694$        

Shear Wall Cost

Figure 28:  Shear wall cost breakdown 

Breadth I: Cost/Foundation Schedule Analysis 
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Caisson Schedule vs. Original Spread Footing Schedule 

A schedule comparison was conducted between the building’s original spread footing system and 

the new caisson and caisson cap foundation.  Through discussions with an industry professional it 

was determined that 2-3 caissons can be completed in one day.  It was also determined that 6-7 

spread footings could be completed in one day.  Allowing for possible incidentals, the numbers used 

for this analysis were as follows: 2 caissons per day and 5 spread footings per day.  It was then de-

termined that the new foundation system will take an estimated 22 days longer.  See Figure 29 for 

the schedule comparison.   

Figure 29:  Foundation schedule breakdown 

Breadth I: Cost/Foundation Schedule Analysis 
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Breadth II: Condensation Analysis of Building Envelope 

Condensation Point 

The condensation point is determined by finding the location in the wall  when the wall temperature 

equals or is below the dew-point temperature.  At this point water vapor will condense and could 

cause problems in a wall system if drainage is not supplied at this point.  A typical section of the wall 

was chosen, modeled in H.A.M., and analyzed for the design parameters of Orlando, Florida.  This 

section can be seen in Figure 30.  Upon further investigation after the analysis, it was determined 

that the point of condensation would not be a problem due to no water vapor being allowed to enter 

the wall system.  This is due to the insulated metal panel and aluminum composite material on either 

side of the wall.  These materials are impermeable to vapor.   Therefore, no vapor will ever reach the 

condensation point.  The condensation will form on the metal alloys and drain out of the wall without 

any chance for mold growth or decay.  This wall assembly will not only work in Orlando but will work 

in almost any environment because no matter which direction the moisture is moving through the 

wall it will be blocked.  Cut sheets from the H.A.M. analysis can be found in  Appendix O.   

 Proposed Breadth 

The UHB will be moving from a mixed climate to a primarily cooling climate.  The summer design pa-

rameters in Orlando will need to be checked against the current wall system to determine if the con-

figuration will need to be updated for its new location due to the high humidity found in Orlando.  

This will be done by analyzing the wall and determining where condensation will form and position 

the vapor barrier to correct this issue if necessary.  The software The Heat, Air, and Moisture Build-

ing Science Toolbox (H.A.M.) will be used to assist in this analysis. 

Figure 30:  Typical wall section 
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Breadth II: Condensation Analysis of Building Envelope 

ETABS will be used in order to design and analyze the new lateral elements of the UHB.  This will 

incorporate knowledge that was obtained in the AE 530 Computer Modeling of Building Structures 

coursework.  Secondly,  the knowledge obtained from AE 542 Building Enclosure Science and De-

sign will be used when determining wind loads for specialized regions such as Orlando, Florida as 

well as the analysis of  the building envelope.  

Figure 31:  R-Value requirements 

MAE Requirements  

R-Value Determination  

The R-Value of the wall must be determined to check if it still meets code requirements in its new 

location.  This was done by first determining the building’s Climate Zone in the ASHRAE 2005-2008 

Handbook.  After the Climate zone was determined it was used in conjunction with ASHRAE 90.1to 

determine if the wall meets Orlando, Florida’s energy requirements.  The terra cotta was not used in 

the determination of the R-Value due to it only serving as a rainscreen and not effecting the walls 

thermal performance.  Figure 31 bellows shows the required values in comparison with value of the 

wall.  The wall is more than capable of performing to ASHRAE standards in both locations.  The cut 

sheet from H.A.M. for the R-Value analysis can be found in Appendix O. 
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Conclusion 

In conclusion, the relocation of the UHB is feasible based on the scope of elements that were ana-

lyzed in this report.  Other items such as availability of materials needed, mechanical system, and 

the cost associated with these changes should also be analyzed.   

It was determined that the relocation of the building would require the addition of 7 new shear walls 

and modifications to the existing shear wall.  The addition of the shear walls resulted in an increased 

cost to the building of $118,694.   The foundation of the building was also analyzed and determined 

to be inadequate.  The foundation system would not only have to be changed in size but also in 

type.  Caissons were used to carry the new load.  It was determined that each shear wall would 

need two caissons and the columns would each need one.  Resulting in a total of  63 new caissons.  

The cost of the foundations change from spread footing to caissons including caisson caps was de-

termined to be $570,954.  This resulted in a total increase to the building’s cost of  $689,648. 

Lastly, a typical section of the building’s envelope was checked to determine  whether or not it would  

be able to perform in Orlando, Florida.  After analyzing both the walls condensation point and R-

value, it was determined that it will be able to perform without change.  This is due to the metal pan-

els that enclose the insulated middle portion of the wall. 
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Appendix A:  Wind Force Calculations 
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Appendix B: Sample Calculations for Shear Wall Flexure  

    Design 
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Appendix C: Sample Calculations for Shear Wall Shear  

    Design 
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Appendix D: Typical Shear Wall Detail 
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Appendix E:  Tabulated Calculations for Shear Wall Flexure 

     and Shear 
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Appendix F: Spread Footing Calculation for Column 



Evan Landis                                Final Report    April 3, 2013 

University Health Building 51 



Evan Landis                                Final Report    April 3, 2013 

University Health Building 52 

Appendix G: Spread Footing Calculation for Shear Wall 
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Appendix H: Caisson/Caisson Cap Calculations for Shear Wall 
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Appendix I: Caisson/Caisson Cap Calculations for Column 
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Appendix J: CRSI Design Tables (2008 Handbook) 
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Appendix K:  Shear Wall Cost Analysis 



Evan Landis                                Final Report    April 3, 2013 

University Health Building 62 

Appendix L:  Caisson/Caisson Cap Cost Analysis 
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Appendix M:  Existing Spread Footing Cost 
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Appendix N:  RSMeans Building Construction Cost Data 2013 
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Appendix O: Condensation/R-Value Analysis 

Table From ASHRAE 90.1 (2010) 
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Table From ASHRAE 90.1 (2010) 
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