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Executive Summary 
 

  The Medical Center is a 570,000 square foot hospital located at the cornerstone of an 

expanding medical district.  The building site is woven into the urban fabric of Southeast, USA.  

The urban context of the site, totaling 37 acres in size, influences the boundaries of design of this 

building project.  Programmatically, The Medical Center houses 446 hospital beds as well as 

inpatient facilities such as medical offices, intensive care units, and dietary facilities.  A high 

degree of programmatic intuition is demonstrated through the relationship between the 

environmental concerns of the region and the location of all mission-critical components within 

the building.  The Medical Center was budgeted at $190 million. 

 
  Comprised of three identical, structurally isolated, L-shaped inpatient towers, The Medical 

Center is designed utilizing a reinforced concrete (RC) structural system.  The structure features concrete 

slabs with pan joists, RC beams, RC girders, and vertical RC columns.  These structural elements frame 

into composite timber piles and pre-cast, prestressed concrete piles, by means of a varied pile cap system, 

which are driven into the earth until a depth, below the original grade, of 62 ft.  Concrete moment frames 

and concrete walls serve as the lateral force resisting system. 

 

  NBBJ Architects and Blitch Knevel Architects served as the joint-venture architects on this 

building project.  Structural, MEP, and Fire Protection engineering services were provided by URS 

Corporation (recently AECOM), and IBA Consultants served as the exterior envelope design experts.  

The project was delivered by means of design-bid-build contract, and Skanska served as the Construction 

Manager at Risk on the project.  The Medical Center began construction in December 2012 and is 

scheduled to be completed in November 2015.     

 

  The Medical Center was designed based on the Southeast, USA Building Code, associated with 

the International Building Code (IBC), 2009 edition.  The American Society of Civil Engineers (ASCE) 

7-05 was utilized as a reference standard.  The building is scheduled to be completed in August 2015.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THE MEDICAL CENTER | SOUTHEAST, USA  

 

  

GENERAL INFORMATION 

Full Height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 ft. 

Number of Stories . . . . . . . . . . . . . . . . . . . . . . . . . . . .7 above grade 

Size of Building . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 570,000 sq. ft. 

Cost of Building . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $190,000,000 

Date of Construction . . . . . . . . . . . . . . . . . . . Dec. 2012-Nov. 2015 

Project Delivery Method . . . . . . . . . . . . . . . . . . .  Design-Bid-Build 

 

PROJECT TEAM 

Owner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .State of Louisiana 

Construction Manager (at risk) . . . . . . . . . . . . . . . . . . . . . .  Skanska 

Architect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NBBJ Architects 

Architect (Joint Venture) . . . . . . . . . . . . .  Blitch Knevel Architects 

Structural Engineers . . . . . . . . . . . . . . URS Corporation (AECOM) 

MEP Engineers . . . . . . . . . . . . . . . . . . URS Corporation (AECOM)  
Fire Protection . . . . . . . . . . . . . . . . . .  URS Corporation (AECOM)  
Exterior Envelope . . . . . . . . . . . . . . . . . . . . . . . . .  IBA Consultants 
 

ARCHITECTURE 

The inpatient towers feature a polished and refined design that 

influences the form and shape of the medical district of Southeast, 

USA.  The L-shaped orthogonal design scheme introduces order and 

logic into the overall program of the building.  A high degree of 

programmatic intuition is demonstrated through the relationship 

between the environmental concerns of the region and the location 

of the mission-critical components within the building. 

 

STRUCTURAL SYSTEMS 

Foundation: Timber Composite Piles, Precast/Prestressed Concrete Piles, Pile Cap, Grade Beams 

Framing: Concrete Frame Horizontal – Joist, Beam, Girder | Concrete Frame Vertical – Column | Concrete Slab 

Lateral: Concrete Moment Frame – Detailed Lateral Connection at Column and Beam Interface 
 

  

I M A G E S    C O U R T E S Y    O F    N B B J    A R C H I T E C T S 

MECHANICAL SYSTEMS 

The indoor design conditions are defined as seen below: 

Summer: 75°F db/50% RH | Winter: 70°F db/30% RH 
 

LIGHTING AND ELECTRICAL SYSTEMS 

The hospital is equipped with emergency power capable 

of sustaining mission-critical operation after a category 3 

hurricane for up to a week with no outside support. 

 

CONSTRUCTION 

Due to the unfavorable and unpredictable conditions of 

the site soil, a 7.5% structural foundation allowance was 

allotted to account for any variability in pile length.  

 

 

 

Kyle M. MacDonald | Structural Option | http://www.kym5182.wix.com/thesis 



MACDONALD | 2  

 

Table of Contents 
 

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3  

 1.1 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

 1.2 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

 1.3 Site Location and Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3  

 1.4 Document List . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

2  Gravity Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

 2.1 Dead Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

 2.2 Live Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

 2.3 Snow Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

3  Wind Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

 3.1 Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

4  Seismic Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

 4.1 Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

5  Flood Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .10 

6  Typical Member Spot Checks for Gravity Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

 6.1 Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

7  Alternate Framing Systems for Gravity Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

 7.1 Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

 7.2 System Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

 7.3 Decision Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

 7.4 Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

8  Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

9  Appendix A: Wind Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

10  Appendix B: Seismic Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

 

 

 

 

 



MACDONALD | 3  

 

[1] Introduction 

 
1.1 Purpose 
 This report functions as a detailed analysis of typical bay framing of The Medical 

Center.  Spot checks of typical members of the existing gravity framing system of The Medical 

Center will be performed, and evaluations of additional gravity framing design alternatives will 

be addressed.  The Medical Center utilizes an existing pan joist, beam, girder, and slab 

reinforced concrete framing system.  The alternate framing schemes are the following: non-

composite steel framing system, composite steel framing system, and two-way flat plate concrete 

slab system.   

 

1.2 Scope 
 The content of this report is divided into three major sections: gravity loads, typical 

member spot checks for gravity loads, and alternate framing systems for gravity loads.  All 

gravity load information being presented was extracted from the previous documentation, 

Technical Report II – Building Codes, Specifications, and Loads (Notebook A).  Additionally, 

this document discusses pertinent information with respect to site location and resource 

documentation.  This information is framed by the context of the member analysis and alternate 

design of a typical bay of The Medical Center.  Appendices are included at the end of the 

document in order to display original load calculations executed by URS Corporation (AECOM).  

 

1.3 Site Location and Plan 
  The Medical Center sits at the cornerstone of an expanding medical district, 

contributing to an expansive network of hospitals in Southeast, USA.  Nestled in between 

pockets of urban residential construction, The Medical Center briefly interrupts the major urban 

grid of the existing environment.  Existing as a mission-critical facility, the building’s proximity 

to a major network of highways enhances its public accessibility.  The urban context of the site, 

totaling 37 acres in size, influences the boundaries of design of this building project (as seen in 

Figure 1 and Figure 2). 
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1.4 Document List 

 IBC 2009 (for existing analysis) 

 IBC 2012 (for alternate design study) 

 ASCE 7-05 (for existing analysis) 

 ASCE 7-10 (for alternate design study) 

 AISC Steel Manual, 14th Edition 

 ACI 301, ACI 315, ACI 318 

 USGS Seismic Design Maps 

 Vulcraft Steel Deck Catalogue, 2008 Edition 

 

Figure 1 - Site Context (Macro) 

Figure 2 - Site Context (Aerial) 
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[2]  Gravity Loads 

 
  This section investigates the gravity loading of the structural system, inclusive of dead, 

live, and snow loads.  Each load case is investigated separately but applied to the building 

structure in combination.  The gravity loading information being presented was extracted directly 

from Technical Report II – Building Codes, Specifications, and Loads (Notebook A).  

 

 

2.1 Dead Loads 

   
Table 1 - Dead Loads 

Dead Load Load Value (psf)   

    

Exterior Glazed Framing System 

 

Exterior Precast Concrete Panel 

 

Exterior Composite Metal Panel 

 

Hospital Floor 

20 

 

50 

 

15 

 

60 

  

    

Hung Load Allowance (Typical Floors) 

 

Hung Load Allowance (Main Roof) 

 

Roofing Allowance (W/O Pavers) 

 

Roofing Allowance (W/ Pavers) 

 

8 

 

13 

 

12 

 

37 
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2.2 Live Loads 

 
Table 2 - Live Loads 

Live Load Load Value (psf)   

    

Offices 50   

    

Corridors (1st Floor) 

 

Corridors (Other) 

 

Operating Rooms 

 

Patient Rooms 

 

Lobbies, Stair and Exit Ways 

 

Mechanical Rooms 

 

100 

 

80 

 

60 

 

40 
 

100 

 

125 (or equipment weight) 

  

    

 

2.3 Snow Loads 
  Due to the climate region of the building site, the applicable reference standard 

dictates a ground snow load equal to zero pounds per square foot; therefore, snow conditions will 

not imposed any load on the building structure (and can be rightly omitted from design load 

considerations).  
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[3]  Wind Loads 

 
 This section investigates the lateral loading, due to wind pressures, of the structural 

system.  Figure 6 illustrates the various lateral force resisting systems used in the building.  The 

original design wind load calculations are recorded in Appendix B. 

 

3.1 Calculations 
 

 The following calculations follow the simplified procedure, as outlined in ASCE 7-05.  

The calculations that follow exist as a representative set of seismic design load calculations. 

 
Table 3 - Wind Design Parameters 

Design Parameter Applicable Information   

    

Occupancy Category IV   

    

Exposure Category 

 

Basic Wind Speed (v) 

 

Importance Factor (I) 

 

Directionality Factor (Kd) 

 

Topographic Factor (Kzt) 

 

Enclosure Classification 

C 

 

150mph 

 

1.15 

 

0.85 
 

1.0 

 

Enclosed Building 
 

  

    

 
  

 

 

 

 

 

 

 

Figure 4 - Gust Effect Factor Parameters Figure 3 - Building Dimensions vs. Rigidity 
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Note: The above Figure 6 includes the windward wall pressures (in both the positive and 

negative interior pressure cases) as well as the combined windward wall and leeward wall 

pressures in both the (N-S) and (E-W) directions. 

 

 

 

 

 

 

Figure 5 - Wind Surface Pressure Parameters 

Figure 6 - Wind Pressures 
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[4]  Seismic Loads 

 
  This section investigates the lateral loading, due to seismic ground accelerations, of the 

structural system.  Table 4 can be referenced for a list of lateral force resisting systems used in 

the building.  The original design seismic load parameters and considerations are recorded in 

Appendix C. 

 
Table 4 - Lateral Force Resisting Systems 

LFRS Direction of Resistance R-Value  

    

Intermediate Concrete Moment Frames North-South 5  

    

Intermediate Concrete Moment Frames 

 

East-West 
 

5  

    

 

 

4.1 Calculations 
 

  The following calculations follow the Equivalent Lateral Force procedure, as outlined 

in ASCE 7-05.  All ground motion parameters were determined referencing the USGS seismic 

design maps.  The calculations that follow exist as a representative set of seismic design load 

calculations. 
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[5]  Flood Loads 

 
  Due to the region’s environmental conditions, the building is required to withstand 

flood design loads.  The building was designed for hydrodynamic flow per ASCE 24-05.  An 

assumed flood elevation was established at 15 ft. above mean sea level, and the flow velocity 

was considered to be 10 ft./sec.  The advisory base flood elevation map as well as the flood 

insurance rate map were utilized in the consideration of imposed flood loading on the building. 

 

  Due to the scope of the report, no further discussion or consideration of flood loading 

will take place.  The omission of flood loading is in direction response to the scope of the report 

and does not exist as a commentary on the importance of flood loading consideration within the 

design conditions of this building. 
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[6]  Typical Member Spot Checks for Gravity Loads 

 
 This section investigates typical member design for gravity loads applied to the The 

Medical Center’s existing gravity load resisting system.  Spot checks will be performed for both 

strength and serviceability requirements.  The spot checks include investigation of the following 

conditions: slab investigation (in conjunction with pan-joist investigation), joist moment 

capacity, beam moment capacity, girder moment capacity and deflection limits, and column axial 

capacity (for an interior and exterior column). 

 

6.1 Calculations 
 

 The following calculations exist as spot checks for gravity loads applied to typical 

members in the building’s existing gravity framing system.  The calculations that follow exist as 

a representative set of spot check calculations. 
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[7]  Alternate Framing Systems for Gravity Loads 

 
  This section investigates three alternate framing systems for gravity loads within The 

Medical Center.  This study is performed in order to determine the best approach to further 

consider an alternative system redesign.  All assumptions and evaluation criteria may be seen 

directly below or within the body of the calculation package. 

  

7.1 Assumptions 
 

  The following calculations are representative of a typical bay design for three alternate 

gravity framing systems.  Using ultimate strength design, the following alternate systems were 

designed under pure gravity loading (vertical dead and live loads).  The typical bay utilized for 

design of alternate systems reflects a typical bay within the existing design of The Medical 

Center.  Column design was not considered during the design of alternate gravity framing 

systems. 

 

7.2 System Comparison 

 

  An evaluation of each gravity framing system considered within the scope of this report 

was performed in order to determine the most appropriate system.  The systems involved in 

comparison are the following: concrete slab with pan joist framing system, non-composite steel 

framing system, composite steel framing system, and two-way flat plate concrete slab system.  

The criteria considered for use in the system comparison are as follows: weight, depth, cost, fire 

protection, and fire rating. 

 
Table 5 - System Comparison 

Criteria 
Concrete Slab 

w/ Pan Joists 

Non-Composite 

Steel Framing 

Composite 

Steel Framing 

2-Way Flat Plate 

Concrete Slab 

Weight (psf)   75 63 64 150 

Depth 30”  24” 21” 12” 

Cost $11.32/SF $9.69/SF $12.34/SF $17.12/SF 

Fire Protection None None None None 

Fire Rating 4 Hr 2 Hr 1 Hr 4 Hr 

 

Note: Cost comparison data extracted from RS Means Building Construction Cost Data (2015) 
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7.3 Decision Matrix 

 

  The decision matrix is organized to compute a weighted-value corresponding to the 

efficiency and appropriateness of each gravity framing system design.  The decision matrix 

assigns values, on a scale of 1 to 4, depending on the performance of the system for the given 

criteria.  A value of 1 represents poor performance, and a value of 4 represents exceptional 

performance.  Each value can only be used once per each criterion (exception: durability). 

 

Table 6 - Decision Matrix 

Criteria 
Importance 

Factor 

Concrete Slab 

w/ Pan Joists 

Non-Composite 

Steel Framing 

Composite 

Steel Framing 

2-Way Flat Plate 

Concrete Slab 

Weight - Site   1.25 2 4 3 1 

Weight - Uplift 1.25 3 1 2 4 

Constructability 1.00 1 4 2 3 

Cost 1.50 3 4 2 1 

Fire Resistivity 1.00 3 2 1 4 

Durability  1.00 2 2 2 2 

  16.75 20.25 14.25 16.75 

 

7.4 Calculations 

 

  The following design calculations are representative of the design of a typical bay for 

three alternate gravity framing systems.  Each system-specific calculation follows the same 

sequence of calculation: 

 

 Layout/Sketch of Typical Bay 

 Determination of Loading Conditions 

 Slab/Deck Design or Check 

 Joist/Beam Design or Check 

 Girder Design or Check 

 Design Summary 

 

  The calculation packages for each alternate system can be seen below.  The order of 

presentation of these calculations follows the order of presentation of these systems throughout 

the body of the report thus far. 
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[8]  Conclusion 

 
  After extensive consideration of the multiple gravity framing systems, an educated and 

purpose-driven comparison concludes that a non-composite steel framing system is the most 

appropriate and efficient system in performance for use in The Medical Center.  The system 

yielded the best results in regards to weight of the system with respect to soil and site conditions, 

overall ease of constructability, durability, and cost. 

 

  The composite steel framing system yielded the worst results of all of the considered 

gravity framing systems.  Out of the six criteria, the composite steel framing system ranked in 

the bottom half of all systems considered in five out of the six criteria.  Although the composite 

nature of the framing would add dead weight to the structure, making it less susceptible to uplift 

forces, other system options exist as more viable approaches to gravity framing system design. 

 

  In order to gain full appreciation of this matrixed comparison, consideration of lateral 

loads must be realized.  Due to environmental factors causing extreme wind loads as well as poor 

site soil causing foundation and settlement issues, axial compressive and tensile loads in columns 

due to lateral wind and seismic loads must be considered in order to properly select the most 

appropriate gravity framing system.  Technical Report IV will allow for the opportunity to more 

closely investigate lateral loads and design of lateral force resisting systems.  After analyzing the 

lateral conditions of the structure, a proper and more accurate proposal for redesign can be 

executed.    
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 [9]  Appendix A: Wind Loads 
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[10]  Appendix B: Seismic Loads 
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