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Executive Summary 
 

 SSM St. Clare Health Center is a 420,000 square foot hospital located in a residential area of 

Fenton, Missouri.  The building and parking areas sit on a 54 acre site, which was previously a 9-hole golf 

course with gently varying topography, large stands of trees, and a 3 acre pond.  The hospital program 

contains a wide variety of medical use spaces, including 158 emergency supported inpatient beds, 

diagnostic and surgical services, administrative offices, dietary facilities, and pharmaceutical 

dispensaries.  Budgeted at $226.8 million, the hospital was constructed with an Integrated Project 

Delivery method and came in well under budget at $223.5 million. 

 Structurally, the hospital is a composite steel frame building resting on massive concrete drilled 

piers which are connected by grade beams.  The structure is broken up into three buildings (bed tower, 

surgery tower, and interventional care unit) isolated by expansion joints.  These individual buildings 

each contain their own lateral force resisting systems which include special moment frames (SMF), 

special concentrically braced frames (SCBF), special reinforced concrete shear walls (SRCSW), and 

ordinary concentrically braced frames (OCBF). 

 HGA Architects and Engineers served as the primary architects and structural engineers on the 

project.  They worked closely with the MEP engineers, KJWW, and the construction manager, Alberici 

Construction, through an integrated “Lean” project delivery contract that focused on improving 

coordination and quality by sharing project risks.  The project began construction in September of 2006 

and reached completion in March of 2009. 

SSM St. Clare Health Center was designed in 2004 and uses the 2003 Edition of the International 

Building Code and ASCE 7-02 as a reference standard.  Design loads were determined based on these 

codes, additional St. Louis County Codes and Ordinances, and practical engineering judgments.  
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1 GENERAL INFORMATION 

1.1 PURPOSE 
This report contains spot checks of typical members in SSM St. Clare Health Center and 

evaluates several other alternate floor assembly designs for a typical interior bay.  SSM St. Clare Health 

Center’s original system is a composite steel framing system.  The alternates are a non-composite 

system, a two way flat plate concrete slab system, a one way concrete slab system with intermediate 

beams, and a one way concrete slab system with full span. 

1.2 SCOPE 
The major sections of this document discuss dead loads, live loads, and building gravity systems 

that resists those loads.  The building’s location and relevant resource documents used in its design are 

also presented.  The appendices to this document contain the original load calculations from HGA 

Architects and Engineers.  The analysis focuses on the bed tower, labelled sections “A” and “B” on the 

record drawings. 

1.3 SITE LOCATION AND PLAN 
SSM St. Clare Health Center is located in Fenton, Missouri (St. Louis County) in a relatively open 

residential area.  The site was previously a golf course, which provided open space and gently sloping 

terrain.  Figure 1 shows the relative placement of the site in Missouri, while Figures 2 through 5 show 

the building’s location on the site as dictated by zoning codes and city ordinances. 

 

 

Figure 1: Building Location 
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Figure 2: Rendering of SSM Health Center Complex 

 

 

Figure 3: Original Site, Golf Course 
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Figure 4: Building Orientation on Site 

 

Figure 5: Building with Site Landscaping 
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1.4 LIST OF PREPARATORY DOCUMENTS 
 SSM St. Clare Health Center Site Development Plan 

o Produced by Stock & Associates Consulting Engineers Inc. 

 SSM St. Clare Health Center Replacement Hospital Project Manual 

o CP-11 E/T Document Issuance 

 IBC 

o 2003 Edition (as reference) 

o 2012 Edition (for further design studies) 

 ASCE 7 

o ASCE 7-02 (as reference) 

o ASCE 7-10 (for further design studies and load calculations) 

 Vulcraft Steel Deck Catalogue, 2008 Edition 

 AISC Steel Manual 14th Edition 
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2 GRAVITY LOADS 
This section examines the dead, live, and snow loads used to design the building’s gravity 

system.  The original design calculations for gravity loads can be found in Appendix A.  Dead loads are 
determined based on standard material weights, manufacturer data, and engineering experience.  A full 
list of calculations for the values in Table 4 can be found in Appendix B.  Future analyses of the building 
will focus on the bed tower.  The majority of these loads are not present in the bed tower, but are listed 
here for comparison to the calculated loads, and as a reference. 

2.1 DEAD AND LIVE LOADS 
Table 1: Typical Live Loads 

Live Load  Value (psf)  Code Minimum (psf) 
Operating Room  60  60 
Offices  50  50 
Private Rooms  40  40 
Corridors (1st Floor)  100  100 
Corridors (other)  80  80 
Stairs and Exits  100  100 
Equipment Rooms  125  125 

 

Table 2: Non‐Typical Floor Dead Loads 

Dead Load  Original Design Values (psf)  Thesis Calculated Values (psf) 
Hospital Floor  60  64 
Hospital Roof   78  70 
Power Plant Roof  133  N/A 
Penthouse Floor  60  N/A 
Penthouse Roof  28  N/A 
Rooftop Mech. Unit Supp.  75  N/A 
Piping Zone  115  N/A 
MRI Zone  78  N/A 
Piping and MRI Zone  103  95 
Exterior Brick Wall  50  51 
Exterior Curtain Wall  20  N/A 
Exterior Metal Panel  15  N/A 

 

Note in Figure 6 on the next page that the bed tower’s floor plan is congested with corridors.  
This means that conservatively, a live load of 80 psf can be assumed for the entire floor area unless a 
higher load occurs.  The highest load to occur in the hospital outside of a corridor is an operating room 
with movable partitions; however, 60 psf + 20 psf returns the load conservatively to 80psf.  The entire 
floor slab is the same 64 psf “Hospital Floor” assembly.   
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Figure 6: Architectural Plan of Bed Tower (typical 30’x30’ bays in red) 

2.2 SNOW LOADS 
The following section contains example calculations of snow loads and snow drift loads on SSM 

St. Clare Health Center.   
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2.2 SNOW LOADS 
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3 TYPICAL MEMBER SPOT CHECKS FOR GRAVITY LOADS 

The following section contains spot checks for SSM St. Clare Health Center’s original composite 

framing gravity system.  The checks include deck unshored length and capacity, beam moment capacity 

and deflection limits, girder moment capacity and deflection limits, and column axial capacity (for an 

interior and exterior column).  
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4 ALTERNATIVE FRAMING SYSTEMS FOR GRAVITY LOADS 

The following section examines four alternate framing systems to determine the best option for 

further study in a system redesign.  The assumptions and evaluation criteria for the study will be 

presented first, followed by the calculations as supporting data. 

4.1 ASSUMPTIONS 
The following design calculations are based on an analysis of purely vertical dead and live loads 

using ultimate strength design.  Where possible, design aids such as Risa 2D and the concrete CRSI 

Tables have been used for simplified analysis and initial member sizing.  All calculations are conducted 

on an interior bay that is 30’x30’.  The analysis for concrete assumes that all criteria for Direct Design 

Method have been met.  With the exception of member spot checks for the original composite steel 

gravity system, column design was not considered. 

4.2 SYSTEM COMPARISON AND DECISION MATRIX 
Tables 3 and 4 present the findings from evaluating the original composite steel framing, non-

composite steel framing, 2 way flat plate concrete slab, 1 way concrete slab with intermediate beams, 

and 1 way concrete slab with a full span.  Table 4 specifically uses weighted criteria to evaluate the 

overall effectiveness of each system.  The values range from –2 to 2 depending on the performance of 

the system in the given category:  2 being the best performance and -2 the poorest performance.  

Section 5, the conclusion, contains a further discussion of the findings in this report and 

recommendations for a possible lateral system design. 

The environmental impact category is based on the lifescycle net carbon emissions for an 

assembly in pounds of CO2 per pound of material.  This category is important as more clients in the 

industry seek to achieve high LEED certifications. 

Table 3: Values for Evaluation Criteria 

 

Criteria

Composite Steel 

Framing

Non-Composite 

Steel Framing

2 Way Flat Plate 

Slab

1 Way Slab with 

Intermediate 1 Way Slab

Weight (psf) 53.5 49.5 124.4 127.4 165.3

Depth 24" 24" 10" 24" 24"

Cost $14.25 / SF $13.43 / SF $11.25 / SF $13.67 / SF $11.72 / SF

Fire Protection None None None None None

Fire Rating 2 Hr 2 Hr 4 Hr 4 Hr 4 Hr

Environmental Impact 

(lbCO2/Ib)
9107.6 8744.7 6209.7 6349.6 8239.7
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Table 4: Weighted Decision Matrix 

 

4.3 ALTERNATE GRAVITY SYSTEM CALCULATIONS 
NOTE ON FORMATTING!  Each alternate system contains the same order of calculations that 

follow the natural load path of the structure: 

1. Drawing or Layout of Typical Bay 

2. Determination of Loads 

3. Slab/Deck Design/Check 

4. Beam Design/Check 

5. Girder Design/Check 

6. Software Output (where applicable) 

7. Design Summary 

The final pages in this section are calculations comparing the five systems.  The information 

presented on the final calculation pages has been summarized in Table 3 and Table 4.  

Criteria

Importance 

Factor

Composite Steel 

Framing

Non-Composite 

Steel Framing

2 Way Flat Plate 

Slab

1 Way Slab with 

Intermediate 1 Way Slab

Cost 1.50 -1 0 1 0 1

Environmental Impact 1.50 -1 -1 1 1 1

Constructibility 1.00 2 2 2 0 0

Durability 1.00 1 1 1 1 1

Fire Resistivity 1.00 1 1 2 2 2

Weight 0.75 2 2 1 1 0

Vibration Susceptibility 0.75 -1 0 1 1 1

Detailing Intensity (Seismic) 0.50 1 1 -2 -2 -2

2.25 4.5 8.5 5 5.75
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5 CONCLUSION 

An unbiased comparison of five gravity systems based on eight distinct criteria indicated that 

the two way flat plate concrete slab system was a clear stand-out.  The system achieved overall a lower 

cost, shallower cross section, better fire rating, and better environmental impact than any other system.   

The only system that was demonstrated to be unviable was the clear-span one way concrete 

slab system.  The excessive depth of the slab at 13” created large bending moments, heavy beams, and 

wasteful use of material.  Also, with square bay dimensions, a one way slab would tend to act in a two-

way mode and cracking could develop in the transverse direction under high loads.  Given the need for 

thermal and cracking reinforcement, it is reasonable to make the switch to a two way slab and 

drastically decrease the required slab thickness. 

Of the concrete systems, the 1 way concrete slab with intermediate beams faired poorly 

primarily because of its complexity and relatively high cost of construction.  Although it does make far 

more efficient use of materials than the one way clear span system, the additional complexity cannot 

overcome the difference, or save enough material to rival the two way flate plate concrete slab. 

The original composite steel framing system performed surprisingly poorly compared to the 

other available systems.  This is most likely due to the somewhat oversized members currently in place.  

The assumption of pure vertical gravity loading used in these comparative designs may be neglecting 

important loading conditions that contributed to the large composite member sizes and thus heavier 

weight, greater depth, and higher environmental impact.  A redesign based on consistent assumptions 

would be necessary to properly evaluate the potential of the composite system, especially against the 

non-composite system. 

The lateral system in the bed tower consists of special concentrically braced frames and special 

reinforced concrete shear walls in the East-West direction, and special moment frames in the North-

South direction.  The elements are efficiently placed at the far wings of the building and the center of 

rigidity appears to align well with the center of mass upon visual inspection.  The system layout is 

adequate for the given layout, but the elements themselves may be optimized to best suit the building’s 

stiffness requirements to prevent torsional irregularities. 
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6 APPENDIX A:  GRAVITY LOADS 

Design Criteria (Live Loads) 
 
Hospitals 
Operating rooms, labs 60 PSF * 
Private rooms 40 PSF * 
Wards 40 PSF * 
Corridors (above 1stfloor) 80 PSF * 

* Design for uniform load indicated or 1000# concentrated load over 2.5 feet square, 
whichever produces the greater load effect. 

 
Offices 
Offices 50 PSF ** 
Lobbies & 1st floor corridors   100 PSF ** 
Corridors (above 1st floor) 80 PSF ** 

** Design for uniform load indicated or 2000# concentrated load over 2.5 feet square 
whichever produces the greater load effect. 
 

Misc. Live Loads 
Corridors, except as otherwise indicated 100 PSF 
Stairs and Exits        100 PSF *** 
Dining Rooms and Restaurants 100 PSF 
Retail Stores (first floor) 100 PSF 
Mechanical rooms                                                      125 PSF (Includes allowance for equipment pads) 
Storage – Light 125 PSF 

*** Design for uniform load indicated or 300# concentrated load over 4 inches square 
whichever produces the greater load effect 
 
Partition loads 20 PSF 
(Offices & locations where partitions are subject to change) 
 
Design Floor Live Loads  (Typical unless noted otherwise in calculations) 
Typical floors:  80 PSF  (60 PSF + 20 PSF Partitions) or (80 PSF Corridors) 
First floor (typical):  100 PSF  (60 PSF + 20 PSF Partitions) or (100 PSF Corridors) 
First floor (equip):  120 PSF  (60 PSF + 20 PSF Partitions + 40 PSF Equipment) 
Mechanical Rooms:  125 PSF 
Elevator Machine Rooms:  500 PSF 
Interstitial Level:  25 PSF 
Roof Top Mechanical Unit Support:  50 PSF  (Live Load + Snow Load) 
 
Other Live Loads 
Handrails and guards                                                50 PLF or 200# concentrated load @ top rail 
Components                         50# over 1 foot square 
Grab bars, shower seats, dressing rm. seats250# load in any direction at any point 
 
Impact Loads 
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Elevator loads shall be increased by 100 percent for impact 
Machinery weight shall be increased to allow for impact 
Elevator machinery: 100 percent 
Light machinery, shaft or motor driven: 20 percent 
Reciprocating machinery or power driven units: 50 percent 
Hangers for floors or balconies: 33 percent 
 
Live Load Reduction 
Live loads to columns will be reduced in accordance with IBC Section 1607.9.1.  Live loads that 
exceed 100 PSF and roof live loads will not be reduced. 
 
Distribution of Floor Loads 
Uniform floor live loads shall be patterned to produce the greatest effect on continuous framing. 
 
Roof Loads 
Uniform roof live loads shall be patterned to produce the greatest effect on continuous framing. 
Minimum roof load will be less than snow load 
See section 1607.11 for other roof loads (roof gardens, landscaped roofs, canopies) 
 
Interior Walls and Partitions 
Interior Partitions 5 PSF horizontal pressure 
Medical Equipment 
MRI Equipment (four pt loads) 29000 lb/4 = 7250 lb 
MRI Equip minus equip allowance 7250 lb – (40 PSF)*(25 ft2) = 6250 lb 
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Design Criteria (Dead Loads) 
Hospital Floor (Composite slab, 2 Hour)    
   3" Deck + 3 1/2" LW Conc  48 PSF    
Beams/Girders/Columns  Self Wt (Assume = 9 PSF) 
   Ceiling/Mechanical/Misc  12 PSF 
     60 PSF (Mass DL = 69 PSF + 10 PSF for Partition Mass) 
Hospital Roof (Future Floor) (Composite slab, 2 Hour)    
   3" Deck + 3 1/2" LW Conc  48 PSF    
Beams/Girders/Columns  Self Wt (Assume = 9 PSF) 
   Ceiling/Mechanical/Misc  12 PSF 
   Roofing/Insulation/Ballast  18  PSF 
     78 PSF (Mass DL = 87 PSF) 
Hospital Roof (No future floors) (Composite slab, 2 Hour)   
   3" Deck + 3 1/2" LW Conc  48 PSF 
   Beams/Girders/Columns  Self Wt (Assume 9 PSF)  
   Ceiling/Mechanical/Misc  12 PSF 
   Roofing/Insulation/Ballast  18 PSF 
     78 PSF (Mass DL = 87 PSF) 
Power Plant Roof (No future floors) (Composite slab, 2 Hour)   
   3" Deck + 3 1/2" LW Conc  48 PSF 
   Beams/Girders/Columns  Self Wt (Assume 9 PSF)  
   Ceiling/Misc      7 PSF 
   Mechanical Piping   60 PSF 
   Roofing/Insulation/Ballast  18 PSF 
     133 PSF (Mass DL = 142 PSF) 
Penthouse Floor (Composite slab, 2 Hour)   
   3" Deck + 3 ½" LW Conc  48 PSF 
   Beams/Girders/Columns  Self Wt ( Assume = 9 PSF) 
   Mechanical/Misc   12 PSF 
     60 PSF (Mass DL = 69 PSF + 10 PSF for Partition Mass) 
Penthouse Roof (Steel Roof Deck)   
   Steel Deck      3 PSF 
   Beams/Girders/Columns  Self Wt ( Assume = 7 PSF) 
   Mechanical/Misc     7 PSF 
   Roofing/Insulation/Ballast  18 PSF 
     28 PSF (Mass DL = 35 PSF) 
Roof Top Mechanical Unit Support  
   Beams/Girders/Columns  Self Wt ( Assume = 7 PSF) 
   Mechanical Unit   60 PSF 
   Miscellaneous Pipes & Ducts 15 PSF 
     75 PSF (Mass DL = 82 PSF) 
Hospital Floor – Piping Zone (Composite slab, 2 Hour)    
   3" Deck + 3 1/2" LW Conc  48 PSF    
Beams/Girders/Columns  Self Wt (Assume = 9 PSF) 
Mechanical Piping   60 PSF 
   Ceiling/Misc      7 PSF 
     115PSF (Mass DL = 94 PSF + 10 PSF for Partition Mass) 
Hospital Floor/Power Plant (Composite slab, 2 Hour)    
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   3" Deck + 3 1/2" LW Conc  48 PSF    
Beams/Girders/Columns  Self Wt (Assume = 9 PSF) 
Mechanical Piping   60 PSF 
   Ceiling/Misc      7 PSF 
     115PSF (Mass DL = 94 PSF + 10 PSF for Partition Mass) 
Hospital Floor – MRI Zone (Composite slab, 2 Hour)    
   3" Deck + 3 1/2" LW Conc  48 PSF    
Beams/Girders/Columns  Self Wt (Assume = 9 PSF) 
2" Concrete Topping   18 PSF 
Mass for Permanent Equip  (15 PSF Mass DL) 
   Ceiling/Mechanical/Misc  12 PSF 
     78 PSF (Mass DL = 102 PSF + 10 PSF for Partition Mass) 
Hospital Floor – Piping Zone plus MRI Zone (Composite slab, 2 Hour)    
   3" Deck + 3 1/2" LW Conc  48 PSF    
Beams/Girders/Columns  Self Wt (Assume = 9 PSF) 
2" Concrete Topping   18 PSF 
Mass for Permanent Equip  (15 PSF Mass DL) 
Mechanical    30 PSF 
   Ceiling/Misc      7 PSF 
     103 PSF (Mass DL = 127 PSF + 10 PSF for Partition Mass) 
MOB Floor (Non-Composite slab, 0 Hour)   
   1 ½" Deck + 2" LW Conc  29 PSF    
Beams/Girders/Columns  Self Wt (Assume 9 PSF) 
   Ceiling/Mechanical/Misc    7 PSF 
     36 PSF (Mass DL = 45 PSF + 10 PSF for Partition M ass) 
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