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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 
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[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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MACDONALD | 4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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] Computer Modeling 

 
  This section outlines the computer modeling process executed to aid the analysis of the 
lateral force resisting system of The Medical Center.  ETABS 2015 was used to generate and 
manipulate a three dimensional analysis model of The Medical Center. 
 
8.1 Model Development 
 
  The lateral force resisting system was constructed and configured in a three-
dimensional model using ETABS 2015.  Due to the particular lateral framing scheme 
(Intermediate Reinforced Concrete Moment Frames) of The Medical Center, almost every 
primary framing element within the structure of the building needed to be modeled.  In order to 
produce the most accurate model possible, the modeling process mirrored the framing process as 
close as possible (and within the limitations of the software). 
 
  Each framing element was assigned the appropriate section properties (per structural 
documentation), and each member was assigned end fixities matching the conditions of an 
intermediate moment frame.  The pan-joist and slab assembly was modeled as such and defined 
as a rigid diaphragm, allowing for the distribution of lateral forces to the lateral force resisting 
elements. 
 
  In order to verify the functionality of the model, I applied my hand calculated lateral 
story forces to the building frame for both cases of wind and seismic forces, in both orthogonal 
directions (E-W and N-S).  After determination of model validity, by means of comparison of 
hand calculated base shear values and software-generated base shear values, an additional model 
was generated, featuring automatic generation of lateral loads (per ASCE 7-05) applied by the 
software. 
 
  After discussion with professional consultants representing AECOM, a determination 
of the base fixity for columns was achieved.  Due to significant differences in deflection 
amplification, the columns were assumed to exhibit a fixed-fixed end connection. 
 
  Overall, the final model generated, and utilized for the analysis of the lateral system of 
The Medical Center, best reflected the design conditions asserted within the structural system 
documentation of this building.  Conclusively, the verified hand calculations produces a level of 
confidence concerning proper functionality of the model, yielding accurate analysis results for 
further investigation.     
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8.2 Modeling Assumption 

 
  The following assumptions were considered and executed within the modeling process 

of the lateral force resisting system model of The Medical Center: 

 

 X-direction relates to the E-W orientation 

 Y-direction relates to the N-S orientation 

 Origin/Reference Datum: P-0 (on structural documentation) = (0,0) 

 Dead Load = Member Self-Weight (self-weight multiplier = 1) 

 Base Columns – Fixed 

 Rigid Diaphragm 

 Continuous diaphragm over the entire level 

 Story masses distributed evenly on each floor 

 Intermediated Reinforced Concrete Moment Frame – nearly every member is a later force 

resisting element 

 Intermediate Reinforced Concrete Moment Frame – rigid beam 

 

  Additional considerations were made based on engineering judgement of building 

geometry and structure.  Due to the massive nature of the structure, uplift was considered as non-

controlling case and therefore was not considered within the analysis.  Furthermore, 

reinforcement, within the structural framing members, was not modeled and therefore could 

cause slight, marginal differences between model values and hand calculated values.  On the 

whole, all levels of The Medical Center are representative of a typical framing plan within the 

building; therefore, the analysis was limited to Level 3 in order to achieve a sufficient level of 

detail and investigation. 

 

8.3 Model Validation 

 
  Validation of the lateral force resisting system model was executed by comparison with 

rote hand calculated values of the following concepts: center of mass, center of rigidity, wind 

load, seismic load, and torsional shear.  

 
8.3.1 Center of Mass and Center of Rigidity 

 

  Due to the participation of nearly all framing members within the lateral force resisting 

framing system, excel spreadsheets were utilized to execute the detailed calculation of the center 

of mass and center of rigidity of The Medical Center.  Each member’s dimensional and material 

properties were entered into the calculation mechanism and related the distance of each member 

with respect to the reference datum.  Center of mass and center of rigidity calculations were 

performed solely for Level 3.  Level 3 was selected as the level of investigation based on the 
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least number of differing sections within the level in comparison to other levels within the 

building.  Due to the consistency of framing through the full height of the building, investigation 

of one level is a sufficient check of accuracy for consideration of the entire building. 
Table 7 - Center of Mass 

 
 

 

 

 

X Y

G1 32 30 19.33 0.15 19.33 9.67 0 186.9211 0

G2 26 30 32.5 0.15 26.40625 35.58 0 939.534375 0

G3 32 30 19.33 0.15 19.33 61.5 0 1188.795 0

G4 32 30 32 0.15 32 87.16 0 2789.12 0

G4 32 30 32 0.15 32 119.16 0 3813.12 0

G4 32 30 32 0.15 32 151.16 0 4837.12 0

G5 32 30 32 0.15 32 183.16 0 5861.12 0

G6 42 30 19.33 0.15 25.37063 9.67 30.33 245.3339438 769.4910563

G6 42 30 19.33 0.15 25.37063 9.67 40.83 245.3339438 1035.882619

G7 42 30 32.5 0.15 42.65625 35.58 30.33 1517.709375 1293.764063

G7 42 30 32.5 0.15 42.65625 35.58 40.83 1517.709375 1741.654688

G8 42 30 19.33 0.15 25.37063 61.5 30.33 1560.293438 769.4910563

G8 42 30 19.33 0.15 25.37063 61.5 40.83 1560.293438 1035.882619

G9 42 30 32 0.15 42 87.16 30.33 3660.72 1273.86

G9 42 30 32 0.15 42 87.16 40.83 3660.72 1714.86

G9 42 30 32 0.15 42 119.16 30.33 5004.72 1273.86

G9 42 30 32 0.15 42 119.16 40.83 5004.72 1714.86

G9 42 30 32 0.15 42 151.16 30.33 6348.72 1273.86

G9 42 30 32 0.15 42 151.16 40.83 6348.72 1714.86

G10 42 30 32 0.15 42 183.16 30.33 7692.72 1273.86

G10 42 30 32 0.15 42 183.16 40.83 7692.72 1714.86

G11 42 30 30.33 0.15 39.80813 15.17 71.16 603.8892563 2832.746175

G12 42 30 10.5 0.15 13.78125 35.58 71.16 490.336875 980.67375

G13 42 30 30.33 0.15 39.80813 56 71.16 2229.255 2832.746175

G14 32 30 32 0.15 32 87.16 71.16 2789.12 2277.12

G14 32 30 32 0.15 32 119.16 71.16 3813.12 2277.12

G14 32 30 32 0.15 32 151.16 71.16 4837.12 2277.12

G15 32 30 32 0.15 32 183.16 71.16 5861.12 2277.12

G16 42 30 30.33 0.15 39.80813 15.17 103.16 603.8892563 4106.606175

G16 42 30 30.33 0.15 39.80813 15.17 135.16 603.8892563 5380.466175

G16 42 30 30.33 0.15 39.80813 15.17 167.16 603.8892563 6654.326175

G17 42 30 10.5 0.15 13.78125 35.58 103.16 490.336875 1421.67375

G17 42 30 10.5 0.15 13.78125 35.58 135.16 490.336875 1862.67375

G17 42 30 10.5 0.15 13.78125 35.58 167.16 490.336875 2303.67375

G18 42 30 30.33 0.15 39.80813 56 103.16 2229.255 4106.606175

G18 42 30 30.33 0.15 39.80813 56 135.16 2229.255 5380.466175

G18 42 30 30.33 0.15 39.80813 56 167.16 2229.255 6654.326175

G19 42 31.25 30.33 0.15 41.4668 15.17 199.16 629.0513086 8258.527266

G20 42 31.25 10.5 0.15 14.35547 35.58 199.16 510.7675781 2859.035156

G21 42 31.25 30.33 0.15 41.4668 56 199.16 2322.140625 8258.527266

G22 42 31.25 19.33 0.15 26.42773 9.67 217.33 255.5561914 5743.539512

G23 42 31.25 32.5 0.15 44.43359 35.58 217.33 1580.947266 9656.75293

G24 42 31.25 19.33 0.15 26.42773 9.67 226.25 255.5561914 5979.274902

G25 42 31.25 32.5 0.15 44.43359 35.58 226.25 1580.947266 10053.10059

Weight * X Weight * Y
Dist. From Ref. Datum

Member Width Depth Length Unit Weight Weight
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B1 35 30 30.33 0.15 33.17344 0 15.17 0 503.2410469

B2 35 30 10.5 0.15 11.48438 0 35.58 0 408.6140625

B3 29 30 30.33 0.15 27.48656 0 56 0 1539.2475

B4 35 30 32 0.15 35 0 87.16 0 3050.6

B4 35 30 32 0.15 35 0 119.16 0 4170.6

B4 35 30 32 0.15 35 0 151.16 0 5290.6

B4 35 30 32 0.15 35 0 183.16 0 6410.6

B5 31 31.25 18.17 0.15 18.33561 0 192.25 0 3525.021403

B5 31 31.25 8.92 0.15 9.001302 0 205.79 0 1852.377956

B6 29 30 30.33 0.15 27.48656 19.33 15.17 531.3152531 416.9711531

B7 29 30 10.5 0.15 9.515625 19.33 35.58 183.9370313 338.5659375

B8 31 31.25 18.17 0.15 18.33561 19.33 192.25 354.4273796 3525.021403

B8 31 31.25 8.92 0.15 9.001302 19.33 205.79 173.9951693 1852.377956

B9 29 30 30.33 0.15 27.48656 30.33 56 833.6674406 1539.2475

B9 29 30 30.33 0.15 27.48656 40.83 56 1122.276347 1539.2475

B9 29 30 32 0.15 29 30.33 87.16 879.57 2527.64

B9 29 30 32 0.15 29 40.83 87.16 1184.07 2527.64

B9 29 30 32 0.15 29 30.33 119.16 879.57 3455.64

B9 29 30 32 0.15 29 40.83 119.16 1184.07 3455.64

B9 29 30 32 0.15 29 30.33 151.16 879.57 4383.64

B9 29 30 32 0.15 29 40.83 151.16 1184.07 4383.64

B10 29 30 32 0.15 29 30.33 183.16 879.57 5311.64

B11 29 30 32 0.15 29 40.83 183.16 1184.07 5311.64

B12 29 30 30.33 0.15 27.48656 51.83 15.17 1424.628534 416.9711531

B13 29 30 10.5 0.15 9.515625 51.83 35.58 493.1948438 338.5659375

B14 31 31.25 18.17 0.15 18.33561 51.83 192.25 950.3347689 3525.021403

B14 31 31.25 8.92 0.15 9.001302 51.83 205.79 466.537487 1852.377956

B15 35 30 30.33 0.15 33.17344 71.16 15.17 2360.621813 503.2410469

B16 35 30 10.5 0.15 11.48438 71.16 35.58 817.228125 408.6140625

B17 35 30 30.33 0.15 33.17344 71.16 56 2360.621813 1857.7125

B18 35 30 32 0.15 35 71.16 87.16 2490.6 3050.6

B18 35 30 32 0.15 35 71.16 119.16 2490.6 4170.6

B18 35 30 32 0.15 35 71.16 151.16 2490.6 5290.6

B18 35 30 32 0.15 35 71.16 183.16 2490.6 6410.6

B19 35 30 30.33 0.15 33.17344 103.16 15.17 3422.171813 503.2410469

B19 35 30 30.33 0.15 33.17344 135.16 15.17 4483.721813 503.2410469

B19 35 30 30.33 0.15 33.17344 167.16 15.17 5545.271813 503.2410469

B20 35 30 10.5 0.15 11.48438 103.16 35.58 1184.728125 408.6140625

B20 35 30 10.5 0.15 11.48438 135.16 35.58 1552.228125 408.6140625

B20 35 30 10.5 0.15 11.48438 167.16 35.58 1919.728125 408.6140625

B21 35 30 30.33 0.15 33.17344 103.16 56 3422.171813 1857.7125

B21 35 30 30.33 0.15 33.17344 135.16 56 4483.721813 1857.7125

B21 35 30 30.33 0.15 33.17344 167.16 56 5545.271813 1857.7125

B22 35 30 30.33 0.15 33.17344 199.16 15.17 6606.821813 503.2410469

B23 35 30 10.5 0.15 11.48438 199.16 35.58 2287.228125 408.6140625

B24 35 30 30.33 0.15 33.17344 199.16 56 6606.821813 1857.7125

Slab1 621.96 7.67 325.08 0.15 1615.388 25.92 212.71 41870.85547 343609.1692

Slab2 853.92 7.67 2389.92 0.15 16305.15 35.58 99.58 580137.0788 1623666.394

Slab3 1536 7.67 853.92 0.15 10479.31 135.16 35.58 1416383.031 372853.716

SUM SUM SUM

31040.59 2225146.134 2569387.175

X-COM Y-COM

71.68504274 82.77507114

ETABS X-COM ETABS Y-COM

71.6855 83.6845
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Table 8 - Center of Rigidity 
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8.3.2 Wind Load Comparison 

 

  Automatic generation and application of wind loading was utilized within ETABS 2015 

in order to create potential for validation of the lateral force resisting system model.  Wind 

loading was automatically generated and applied in accordance with ASCE 7-05.  Both X-

direction (E-W) and Y-direction (N-S) components of the wind loading were considered.  

ETABS applied the wind loading to the center of pressure of each exterior frame and diaphragm 
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edge of each respective level of the building.  Taking into consideration floor to floor heights of 

each floor as well as projected wall area applicable to receiving lateral loading due to wind, 

ETABS completed the generation and application of several wind loading cases.  The following 

comparison between the wind loading base shear values generated by ETABS and by manual 

calculation validate the applied wind loads within the model. 

 

 FX (kips) FY (kips) FZ (kips) 

ETABS (E-W) 1741.4 0 0 

Manual (E-W) 1736.4 0 0 

ETABS (N-S) 0 1497.8 0 

Manual (N-S) 0 1460.8 0 

 
8.3.3 Seismic Load Comparison 

 

  Automatic generation and application of seismic loading was utilized within ETABS 

2015 in order to create potential for validation of the lateral force resisting system model.  

Seismic loading was automatically generated and applied in accordance with ASCE 7-05.  

Although equal in value, both X-direction (E-W) and Y-direction (N-S) components of the 

seismic loading were considered.  ETABS applied the seismic loading at the center of mass of 

each level of the building.  Taking into consideration building seismic weight, inclusive of the 

self-weight multiplier utilized within the software, ETABS completed the generation and 

application of several seismic loading cases.  The following comparison between the seismic 

loading base shear values generated by ETABS and by manual calculation, although differing in 

value, validate the applied seismic loads within the model. 

 

 FX (kips) FY (kips) FZ (kips) 

ETABS (E-W) 1031 0 0 

Manual (E-W) 790 0 0 

ETABS (N-S) 0 1031 0 

Manual (N-S) 0 790 0 

   

  By comparison of seismic response coefficients (CS) used to calculate the respective 

base shear values (ETABS vs. manual), the model is validated.  Demonstration of this validation 

can be seen in Appendix C. 

 

 

8.3.4 Direct and Torsional Shear 

 

  Direct shear and torsional shear were considered in the analysis of the lateral force 

resisting system of The Medical Center.  Level 3 was utilized for the analysis of direct shear and 

torsional shear.  The following illustrates the calculated direct shear and torsional shear for Level 

3 of The Medical Center. 
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0.023454987
0

5.523649323
0

1.400262695
0

G
9

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
9

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
9

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
9

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
9

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
10

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
10

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
11

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
12

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
13

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
14

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
14

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
14

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
15

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
16

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
16

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
16

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
17

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
17

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
17

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
18

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
18

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
18

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
19

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
20

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
21

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
22

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
23

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
24

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

G
25

32
32

32
32

87381.33333
87381.33333

2504465.522
0

0.023454987
0

5.523649323
0

1.400262695
0

R
igid

ity - X
M

e
m

b
e

r
C

o
lu

m
n

 1
C

o
lu

m
n

 2
C

o
lu

m
n

 1 M
o

m
e

n
t o

f In
e

rtia
C

o
lu

m
n

 2 M
o

m
e

m
n

t o
f In

e
rtia

R
igid

ity - Y
R

e
lative

 Stiffn
e

ss - X
R

e
lative

 Stiffn
e

ss - Y
F

V  - Se
ism

ic - Y
F

V  - W
in

d
 - X

F
V  - W

in
d

 - Y
F

V  - Se
ism

ic - X

Table 9 - Direct Shear 
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B
1

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
2

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
3

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
4

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
4

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
4

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
4

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
5

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
5

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
6

30
30

30
30

67500
67500

0
1934640

0
0.01713191

0
3.38355225

0
1.022775034

B
7

30
30

30
30

67500
67500

0
1934640

0
0.01713191

0
3.38355225

0
1.022775034

B
8

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
8

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
9

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
10

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
11

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
12

30
30

30
30

67500
67500

0
1934640

0
0.01713191

0
3.38355225

0
1.022775034

B
13

30
30

30
30

67500
67500

0
1934640

0
0.01713191

0
3.38355225

0
1.022775034

B
14

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
14

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
15

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
16

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
17

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
18

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
18

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
18

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
18

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
19

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
19

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
19

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
20

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
20

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
20

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
21

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
21

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
21

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
22

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
23

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

B
24

32
32

32
32

87381.33333
87381.33333

0
2504465.522

0
0.022177913

0
4.380137881

0
1.324021425

SU
M

SU
M

SU
M

SU
M

SU
M

SU
M

SU
M

SU
M

106777529.8
112926111.9

1
1

235.5
197.5

59.7
59.7
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X
Y

D
X

,C
O

M
D

Y
,C

O
M

D
X

,C
O

R
D

Y
,C

O
R

G
1

9.67
0

-62.02
-82.78

-55.09
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.53277E-10
0

G
2

35.58
0

-36.11
-82.78

-29.18
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.07928E-10
0

G
3

61.5
0

-10.19
-82.78

-3.26
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.53277E-10
0

G
4

87.16
0

15.47
-82.78

22.4
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.98625E-10
0

G
4

119.16
0

47.47
-82.78

54.4
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.98625E-10
0

G
4

151.16
0

79.47
-82.78

86.4
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.98625E-10
0

G
5

183.16
0

111.47
-82.78

118.4
-85.96

748.254
-1368.675

189.846
-413.721

0
0

-3.98625E-10
0

G
6

9.67
30.33

-62.02
-52.45

-55.09
-55.63

748.254
-1368.675

189.846
-413.721

4.91291E-10
0

-2.28627E-10
0

G
6

9.67
40.83

-62.02
-41.95

-55.09
-45.13

748.254
-1368.675

189.846
-413.721

6.61372E-10
0

-1.85474E-10
0

G
7

35.58
30.33

-36.11
-52.45

-29.18
-55.63

748.254
-1368.675

189.846
-413.721

4.28226E-10
0

-1.99279E-10
0

G
7

35.58
40.83

-36.11
-41.95

-29.18
-45.13

748.254
-1368.675

189.846
-413.721

5.76475E-10
0

-1.61666E-10
0

G
8

61.5
30.33

-10.19
-52.45

-3.26
-55.63

748.254
-1368.675

189.846
-413.721

4.91291E-10
0

-2.28627E-10
0

G
8

61.5
40.83

-10.19
-41.95

-3.26
-45.13

748.254
-1368.675

189.846
-413.721

6.61372E-10
0

-1.85474E-10
0

G
9

87.16
30.33

15.47
-52.45

22.4
-55.63

748.254
-1368.675

189.846
-413.721

5.54355E-10
0

-2.57975E-10
0

G
9

87.16
40.83

15.47
-41.95

22.4
-45.13

748.254
-1368.675

189.846
-413.721

7.46269E-10
0

-2.09283E-10
0

G
9

119.16
30.33

47.47
-52.45

54.4
-55.63

748.254
-1368.675

189.846
-413.721

5.54355E-10
0

-2.57975E-10
0

G
9

119.16
40.83

47.47
-41.95

54.4
-45.13

748.254
-1368.675

189.846
-413.721

7.46269E-10
0

-2.09283E-10
0

G
9

151.16
30.33

79.47
-52.45

86.4
-55.63

748.254
-1368.675

189.846
-413.721

5.54355E-10
0

-2.57975E-10
0

G
9

151.16
40.83

79.47
-41.95

86.4
-45.13

748.254
-1368.675

189.846
-413.721

7.46269E-10
0

-2.09283E-10
0

G
10

183.16
30.33

111.47
-52.45

118.4
-55.63

748.254
-1368.675

189.846
-413.721

5.54355E-10
0

-2.57975E-10
0

G
10

183.16
40.83

111.47
-41.95

118.4
-45.13

748.254
-1368.675

189.846
-413.721

7.46269E-10
0

-2.09283E-10
0

G
11

15.17
71.16

-56.52
-11.62

-49.59
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
12

35.58
71.16

-36.11
-11.62

-29.18
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
13

56
71.16

-15.69
-11.62

-8.76
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
14

87.16
71.16

15.47
-11.62

22.4
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
14

119.16
71.16

47.47
-11.62

54.4
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
14

151.16
71.16

79.47
-11.62

86.4
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
15

183.16
71.16

111.47
-11.62

118.4
-14.8

748.254
-1368.675

189.846
-413.721

1.30062E-09
0

-6.86325E-11
0

G
16

15.17
103.16

-56.52
20.38

-49.59
17.2

748.254
-1368.675

189.846
-413.721

1.8855E-09
0

7.97621E-11
0

G
16

15.17
135.16

-56.52
52.38

-49.59
49.2

748.254
-1368.675

189.846
-413.721

2.47038E-09
0

2.28157E-10
0

G
16

15.17
167.16

-56.52
84.38

-49.59
81.2

748.254
-1368.675

189.846
-413.721

3.05526E-09
0

3.76551E-10
0

G
17

35.58
103.16

-36.11
20.38

-29.18
17.2

748.254
-1368.675

189.846
-413.721

1.8855E-09
0

7.97621E-11
0

G
17

35.58
135.16

-36.11
52.38

-29.18
49.2

748.254
-1368.675

189.846
-413.721

2.47038E-09
0

2.28157E-10
0

G
17

35.58
167.16

-36.11
84.38

-29.18
81.2

748.254
-1368.675

189.846
-413.721

3.05526E-09
0

3.76551E-10
0

G
18

56
103.16

-15.69
20.38

-8.76
17.2

748.254
-1368.675

189.846
-413.721

1.8855E-09
0

7.97621E-11
0

G
18

56
135.16

-15.69
52.38

-8.76
49.2

748.254
-1368.675

189.846
-413.721

2.47038E-09
0

2.28157E-10
0

G
18

56
167.16

-15.69
84.38

-8.76
81.2

748.254
-1368.675

189.846
-413.721

3.05526E-09
0

3.76551E-10
0

G
19

15.17
199.16

-56.52
116.38

-49.59
113.2

748.254
-1368.675

189.846
-413.721

3.64014E-09
0

5.24946E-10
0

G
20

35.58
199.16

-36.11
116.38

-29.18
113.2

748.254
-1368.675

189.846
-413.721

3.64014E-09
0

5.24946E-10
0

G
21

56
199.16

-15.69
116.38

-8.76
113.2

748.254
-1368.675

189.846
-413.721

3.64014E-09
0

5.24946E-10
0

G
22

9.67
217.33

-62.02
134.55

-55.09
131.37

748.254
-1368.675

189.846
-413.721

3.97224E-09
0

6.09206E-10
0

G
23

35.58
217.33

-36.11
134.55

-29.18
131.37

748.254
-1368.675

189.846
-413.721

3.97224E-09
0

6.09206E-10
0

G
24

9.67
226.25

-62.02
143.47

-55.09
140.29

748.254
-1368.675

189.846
-413.721

4.13527E-09
0

6.50571E-10
0

G
25

35.58
226.25

-36.11
143.47

-29.18
140.29

748.254
-1368.675

189.846
-413.721

4.13527E-09
0

6.50571E-10
0
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B
1

0
15.17

-71.69
-67.61

-64.76
-70.79

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
2

0
35.58

-71.69
-47.2

-64.76
-50.38

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
3

0
56

-71.69
-26.78

-64.76
-29.96

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
4

0
87.16

-71.69
4.38

-64.76
1.2

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
4

0
119.16

-71.69
36.38

-64.76
33.2

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
4

0
151.16

-71.69
68.38

-64.76
65.2

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
4

0
183.16

-71.69
100.38

-64.76
97.2

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
5

0
192.25

-71.69
109.47

-64.76
106.29

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
5

0
205.79

-71.69
123.01

-64.76
119.83

748.254
-1368.675

189.846
-413.721

0
2.0472E-09

0
6.18823E-10

B
6

19.33
15.17

-52.36
-67.61

-45.43
-70.79

748.254
-1368.675

189.846
-413.721

0
1.10938E-09

0
3.35342E-10

B
7

19.33
35.58

-52.36
-47.2

-45.43
-50.38

748.254
-1368.675

189.846
-413.721

0
1.10938E-09

0
3.35342E-10

B
8

19.33
192.25

-52.36
109.47

-45.43
106.29

748.254
-1368.675

189.846
-413.721

0
1.43614E-09

0
4.34113E-10

B
8

19.33
205.79

-52.36
123.01

-45.43
119.83

748.254
-1368.675

189.846
-413.721

0
1.43614E-09

0
4.34113E-10

B
9

30.33
56

-41.36
-26.78

-34.43
-29.96

748.254
-1368.675

189.846
-413.721

0
1.0884E-09

0
3.29001E-10

B
9

40.83
56

-30.86
-26.78

-23.93
-29.96

748.254
-1368.675

189.846
-413.721

0
7.56476E-10

0
2.28666E-10

B
9

30.33
87.16

-41.36
4.38

-34.43
1.2

748.254
-1368.675

189.846
-413.721

0
1.0884E-09

0
3.29001E-10

B
9

40.83
87.16

-30.86
4.38

-23.93
1.2

748.254
-1368.675

189.846
-413.721

0
7.56476E-10

0
2.28666E-10

B
9

30.33
119.16

-41.36
36.38

-34.43
33.2

748.254
-1368.675

189.846
-413.721

0
1.0884E-09

0
3.29001E-10

B
9

40.83
119.16

-30.86
36.38

-23.93
33.2

748.254
-1368.675

189.846
-413.721

0
7.56476E-10

0
2.28666E-10

B
9

30.33
151.16

-41.36
68.38

-34.43
65.2

748.254
-1368.675

189.846
-413.721

0
1.0884E-09

0
3.29001E-10

B
9

40.83
151.16

-30.86
68.38

-23.93
65.2

748.254
-1368.675

189.846
-413.721

0
7.56476E-10

0
2.28666E-10

B
10

30.33
183.16

-41.36
100.38

-34.43
97.2

748.254
-1368.675

189.846
-413.721

0
1.0884E-09

0
3.29001E-10

B
11

40.83
183.16

-30.86
100.38

-23.93
97.2

748.254
-1368.675

189.846
-413.721

0
7.56476E-10

0
2.28666E-10

B
12

51.83
15.17

-19.86
-67.61

-12.93
-70.79

748.254
-1368.675

189.846
-413.721

0
3.15745E-10

0
9.54429E-11

B
13

51.83
35.58

-19.86
-47.2

-12.93
-50.38

748.254
-1368.675

189.846
-413.721

0
3.15745E-10

0
9.54429E-11

B
14

51.83
192.25

-19.86
109.47

-12.93
106.29

748.254
-1368.675

189.846
-413.721

0
4.08744E-10

0
1.23554E-10

B
14

51.83
205.79

-19.86
123.01

-12.93
119.83

748.254
-1368.675

189.846
-413.721

0
4.08744E-10

0
1.23554E-10

B
15

71.16
15.17

-0.53
-67.61

6.4
-70.79

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
16

71.16
35.58

-0.53
-47.2

6.4
-50.38

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
17

71.16
56

-0.53
-26.78

6.4
-29.96

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
18

71.16
87.16

-0.53
4.38

6.4
1.2

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
18

71.16
119.16

-0.53
36.38

6.4
33.2

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
18

71.16
151.16

-0.53
68.38

6.4
65.2

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
18

71.16
183.16

-0.53
100.38

6.4
97.2

748.254
-1368.675

189.846
-413.721

0
-2.02317E-10

0
-6.11561E-11

B
19

103.16
15.17

31.47
-67.61

38.4
-70.79

748.254
-1368.675

189.846
-413.721

0
-1.2139E-09

0
-3.66937E-10

B
19

135.16
15.17

63.47
-67.61

70.4
-70.79

748.254
-1368.675

189.846
-413.721

0
-2.22549E-09

0
-6.72717E-10

B
19

167.16
15.17

95.47
-67.61

102.4
-70.79

748.254
-1368.675

189.846
-413.721

0
-3.23707E-09

0
-9.78498E-10

B
20

103.16
35.58

31.47
-47.2

38.4
-50.38

748.254
-1368.675

189.846
-413.721

0
-1.2139E-09

0
-3.66937E-10

B
20

135.16
35.58

63.47
-47.2

70.4
-50.38

748.254
-1368.675

189.846
-413.721

0
-2.22549E-09

0
-6.72717E-10

B
20

167.16
35.58

95.47
-47.2

102.4
-50.38

748.254
-1368.675

189.846
-413.721

0
-3.23707E-09

0
-9.78498E-10

B
21

103.16
56

31.47
-26.78

38.4
-29.96

748.254
-1368.675

189.846
-413.721

0
-1.2139E-09

0
-3.66937E-10

B
21

135.16
56

63.47
-26.78

70.4
-29.96

748.254
-1368.675

189.846
-413.721

0
-2.22549E-09

0
-6.72717E-10

B
21

167.16
56

95.47
-26.78

102.4
-29.96

748.254
-1368.675

189.846
-413.721

0
-3.23707E-09

0
-9.78498E-10

B
22

199.16
15.17

127.47
-67.61

134.4
-70.79

748.254
-1368.675

189.846
-413.721

0
-4.24866E-09

0
-1.28428E-09

B
23

199.16
35.58

127.47
-47.2

134.4
-50.38

748.254
-1368.675

189.846
-413.721

0
-4.24866E-09

0
-1.28428E-09

B
24

199.16
56

127.47
-26.78

134.4
-29.96

748.254
-1368.675

189.846
-413.721

0
-4.24866E-09

0
-1.28428E-09

SU
M

SU
M

SU
M

SU
M

6.69858E-08
-2.4208E-12

2.15586E-13
-7.31755E-13
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8.3.5 Equilibrium Check 

 

  An equilibrium check was performed for the wind (E-W) story force at Level 3.  The 

check was performed by analyzing the ETABS output value for cumulative story shears at Level 

3 in order to generate the story force reaction of the lateral force resisting frame within ETABS.  

Additionally, a manual hand calculation was performed to investigate the story force at Level 3 

for the wind loading (E-W) applied to the building.  By comparison of these values, equilibrium 

was achieved (accounting for minimal source error equivalent to 0.2% error). 
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[9] Code and Member Checks 

 
9.1 Drift Checks 

 
  Drift analysis was performed for wind loading cases as well as seismic loading cases 

within the lateral force resisting system model.  Data plots, representing the relation between 

building story and maximum displacement, were extracted from ETABS for comparison to code 

limitations for overall building displacement as well as story drift.  Within the plots, the blue 

curves represent the X-direction (E-W) of loading, and the red curves represents the Y-direction 

(N-S) of loading. 

 

 

    

Figure 7 - Wind Loading Max Story Displacement 
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  The following represents the numerical comparison between the building displacement 

and building story drift and the code limitations for building displacement and building story 

drift. 

 

 

Figure 8 - Seismic Loading Max Story Displacement 
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Table 11 - Drift Limit - Wind Loading 

 
Note: Code limitation used for wind loading drift: ΔW = H/400 

 

 
Table 12 - Drift Limit - Seismic Loading 

 

Level 

Story 

Height 

(ft.) 

Total 

Height 

(ft.) 

Story 

Drift 

(in.) 

Code 

Limitation 

(in.) 

 

Acceptable? 

Total 

Drift 

(in.) 

Code 

Limitation 

(in.) 

 

Acceptable? 

8 20 113 0.14 < 0.20 YES 0.89 < 1.13 YES 

7 15 93 0.11 < 0.15 YES 0.75 < 0.93 YES 

6 15 78 0.14 < 0.15 YES 0.64 < 0.78 YES 

5 16 63 0.18 < 0.16 NO 0.50 < 0.63 YES 

4 15 47 0.12 < 0.15 YES 0.32 < 0.47 YES 

3 15 32 0.11 < 0.15 YES 0.20 < 0.32 YES 

2 17 17 0.09 < 0.17 YES 0.09 < 0.17 YES 

 

Note: Code limitation used for seismic loading drift: ΔS = 0.010hsx  

 

 

9.2 Member Checks 

 
  The following member checks evaluate a critical member on the building level of 

investigation for the analysis of the lateral force resisting system.  Figure 9 outlines the critical 

members being investigated for the applicable member checks that follow. 

 

 

 

 

 

 

 

 

Level 

Story 

Height 

(ft.) 

Total 

Height 

(ft.) 

Story 

Drift 

(in.) 

Code 

Limitation 

(in.) 

 

Acceptable? 

Total 

Drift 

(in.) 

Code 

Limitation 

(in.) 

 

Acceptable? 

8 20 113 0.15 < 0.60 YES 1.43 < 3.39 YES 

7 15 93 0.17 < 0.45 YES 1.28 < 2.79 YES 

6 15 78 0.2 < 0.45 YES 1.11 < 2.34 YES 

5 16 63 0.28 < 0.48 YES 0.91 < 1.89 YES 

4 15 47 0.22 < 0.45 YES 0.63 < 1.41 YES 

3 15 32 0.21 < 0.45 YES 0.41 < 0.96 YES 

2 17 17 0.20 < 0.51 YES 0.20 < 0.51 YES 
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Figure 9 - Critical Members For Evaluation 
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9.2.1 Column Member Check 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 - ETABS Output - Column 
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9.2.2 Beam Member Check 

 

 

 

 

 

 

 

Figure 11 - ETABS Output - Beam 
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[10] Conclusion 

 
  After extensive analysis of the lateral force resisting framing system of The Medical 

Center, adequacy of design has been established.  The intermediate reinforced concrete moment 

frames (IMF) utilized in The Medical Center engages nearly all framing members to resist the 

lateral loads (namely wind and seismic loading) that may act upon the building in its lifetime.  

Utilizing ASCE 7-05 as a design standard and reference, the design of the lateral force resisting 

system of The Medical Center was controlled by the wind loading in the E-W direction.  This 

controlling loading case is logical due to its orientation orthogonal to the longest side of the 

building, maximizing the wind force acting on the building in this direction. 

 

  Overall, due to the massive nature of the structure, wind effects, such as uplift forces, 

are countered in design.  Although the degree of rigidity of the structure is high (due to framing 

scheme and material property), seismic forces are able to be withstood.  All in all, the lateral 

force resisting system of The Medical Center is sufficient to withstand the design loads 

designated by code. 
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[11]  Appendix A: Wind Loads 
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[12]  Appendix B: Seismic Loads 
 

 

 
 

 

 

 

 

 

 

 



MACDONALD | 38  

 

[13] Appendix C: Computer Model 
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[14] Appendix D: ETABS Technical Outputs 

 
ETABS Output: COM and COR 

STORY XCM YCM XCR YCR 

Level 8 71.2398 80.9237 66.8941 84.6415 

Level 7 71.0322 85.4676 67.3891 86.6383 

Level 6 71.4112 84.6990 67.8551 86.7635 

Level 5 70.0306 84.7765 69.0758 86.6833 

Level 4 71.4947 84.4713 70.6727 86.3733 

Level 3 71.6878 83.6721 71.3005 85.7728 

Level 2 72.1030 83.7231 70.4319 85.1229 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE:  Story Max/Avg Displacements

Story Load Case/Combo Direction Maximum Average Ratio

in in

Level 8 Wind (N-S) 10 X 1.425351 0.692044 2.059624

Level 7 Wind (N-S) 10 X 1.27619 0.622839 2.04899

Level 6 Wind (N-S) 10 X 1.111941 0.544946 2.040459

Level 5 Wind (N-S) 10 X 0.908072 0.444124 2.044637

Level 4 Wind (N-S) 10 X 0.626472 0.304884 2.054785

Level 3 Wind (N-S) 10 X 0.411069 0.198778 2.067976

Level 2 Wind (N-S) 10 X 0.199684 0.096157 2.076652

TABLE:  Story Max/Avg Displacements

Story Load Case/Combo Direction Maximum Average Ratio

in in

Level 8 Seismic (N-S) 3 X 0.889074 0.805705 1.103473

Level 7 Seismic (N-S) 3 X 0.758685 0.692657 1.095326

Level 6 Seismic (N-S) 3 X 0.640741 0.585 1.095283

Level 5 Seismic (N-S) 3 X 0.500213 0.456225 1.096419

Level 4 Seismic (N-S) 3 X 0.323245 0.293384 1.10178

Level 3 Seismic (N-S) 3 X 0.200183 0.179931 1.112558

Level 2 Seismic (N-S) 3 X 0.092088 0.082393 1.117669

Wind Loading Max Story Displacements 

Seismic Loading Max Story Displacements 
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