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Mission Statement: 

To deliver innovative designs, with an integrated, streamlined 

approach to building systems and construction management 
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PENN STATE ICE ARENA 

  Building Stats: 

  Funded Solely Through Private Donations 

  6,000 Seat Multi-Purpose Arena 

  220,000 Square Feet 

  2 Ice Rinks 

  Home to Division 1 Men’s and Women’s Hockey 

  Construction Began February 2012 
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MAIN CONCOURSE LEVEL 
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CLUB CONCOURSE LEVEL 
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MECHANICAL LOFT LEVEL 
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BIM GOALS PROGRAM COORDINATION 
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DESIGN PROCESS 

Priority (1-3) 

1-Most Important 

Goal Description 

(Value Added Objectives) 

Potential BIM Uses 

1 Recognize Design Conflicts Before 

They Reach Construction 

3D Coordination, Design Review, Design Authoring 

1 Create an Energy Efficient Arena Energy Analysis, Lighting Analysis, Building Systems 

Analysis, Site Analysis, Design Authoring, Sustainability, 

LEED Evaluation 

2 Design with Constructability in Mind 3D Coordination, 4D Modeling, Cost Estimation, Design 

Authoring 

1 Optimize Building Performance Building Systems Analysis, Cost Estimation, Structural 

Analysis, Energy Analysis, Mechanical Analysis, Design 

Authoring, 3D Coordination, Construction Systems 

Design 
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Hovet-1962 

(Johannesov Isstadion) 

Stockholm, Sweden 
 

Ingalls Rink- 1959 

Yale University 

Oxford Ice Rink- 1984 

Oxford, England 

Blyth Arena- 1959 

Squaw Valley, California 

 

Ratner Center-2003 University of Chicago  

ROOF DEVELOPMENT 
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SITE CONDITIONS OUR DESIGN ACTUAL DESIGN 
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SITE CONDITIONS OUR DESIGN ACTUAL DESIGN 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 



Nate Babyak Brian Sampson Alex Schreffler 

First Attempt: 

    Deck: 3N18 14’ Span 

    Roof Beams:  

 W30x90  

 CB 36x55 

Our Design: 

    Deck: 3C18 11’ Span 

    Roof Beams:  

 W33x130 

ROOF DESIGN 
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ROOF DESIGN 
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Load Combinations: 

 T1 = D+P 

 T2 = D+P+L+S 

 T3 = D+P+W 

 T4 = D+P+L+S+W 

 

  

Design Strength: 

 2.2T1  

 2.2T2  

 2.0T3  

 2.0T4  

 

  

CABLE DESIGN 
ASCE 19-10: STRUCTURAL APPLICATIONS OF 

STEEL CABLES FOR BUILDINGS 

 

CABLE MANUFACTURER 
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Strand Diameter (in) Approx. Weight (lb/ft) Nominal Strength (tons) 

3.375 23.9 822 

3.875 31.5 878 

4.75 49.9 1306 

5.25 63.5 1752 

Nate Babyak Brian Sampson Alex Schreffler 

Load Combinations: 

 T1 = D+P 

 T2 = D+P+L+S 

 T3 = D+P+W 

 T4 = D+P+L+S+W 

 

  

Design Strength: 

 2.2T1  

 2.2T2  

 2.0T3  

 2.0T4  

 

  

CABLE DESIGN 
ASCE 19-10: STRUCTURAL APPLICATIONS OF 

STEEL CABLES FOR BUILDINGS 

 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 



Nate Babyak Brian Sampson Alex Schreffler 

MAST AND GIRDER DESIGN 
36” Dia. 1.5” Thick w/ 8 ksi Conc 

W40x593 
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MAST AND GIRDER DESIGN 
36” Dia. 1.5” Thick w/ 8 ksi Conc 

W40x593 
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ERECTION SEQUENCE 
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FOUNDATION CONSIDERATIONS 
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CRANE SELECTION Crane Selection 
  

Model Tonnage Crane Type Max. Radius For 

>25,000 lbs Lift 

(ft) 

Rental Rate 

($/Hr) 

Rental Rate 

($/day) 

Transportation Fee 

              

Grove TMS 475 50 Truck 25  $        150.00   $    1,200.00  $           1,200.00 

              

Grove RT 760 60 Rough Terrain 25  $    180.00   $ 1,440.00  $      1,350.00 
              

P & H T750 75 Truck 40  $        200.00   $    1,600.00   $           1,500.00  

              

Krupp GMT - AT70 80 Truck 45  $        205.00   $    1,640.00   $           1,500.00  

              

Grove TMS 900E 90 Truck 65  $    325.00   $ 2,600.00   $      1,500.00  
              

Link-Belt HTC 3140 140 Truck  60  $        350.00   $    2,800.00   $           2,400.00  

              

Liebherr 1150 170 Crawler 120  $        425.00   $    3,400.00   $           3,200.00  
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STRUCTURAL IMPACTS 

CLUB CONCOURSE LEVEL 
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ARCHITECTURAL IMPACTS 

EVENT LEVEL 
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MAIN CONCOURSE LEVEL 

ARCHITECTURAL IMPACTS 
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ARCHITECTURAL IMPACTS 
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ARCHITECTURAL IMPACTS 
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ARCHITECTURAL IMPACTS 
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Existing Roof 
    

  Total Uni

t 

Price/Unit Price 

Trusses: 249.74 Ton  $                4,800.00   $        1,198,752.00  

          

Joists: 107.70 Ton  $                2,900.00   $            312,330.00  

          

Roof Skin: 88376.00 SF  $                      12.00   $        1,060,512.00  

          

Cranes: 194.00 Day  $                7,660.00   $            769,580.00  

          

      Total  $   3,341,174.00  
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COST AND SCHEDULE IMPACT Redesigned Roof 
    

  Total Unit Price/Unit Price 

Beams: 559.25 Ton  $                2,900.00   $        1,621,825.00  

          

Girders: 755.48 Ton  $                4,800.00   $        3,626,304.00  

          

Masts: 282.54 Ton  $                2,900.00   $            819,366.00  

          

Cables: - Feet  -   $        4,500,000.00  

          

Roof Skin: 90800 SF  $                      12.00   $        1,089,600.00  

          

Cranes:         

60 Ton Crane 73 Day  $                1,440.00   $            107,820.00  

90 Ton Crane 124 Day  $                2,600.00   $            325,400.00  

          

Man Lift: 121 Day  $                      80.00   $              77,840.00  

          

      Total  $ 12,168,155.00  
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Existing Superstructure Steel 
  

Member Type Total Type 

Weight (Tons) 

Price ($2,900/Ton) 

Columns: 225.30  $         653,370.00  

      

Framing: 640.61  $     1,857,769.00  

      

Total 865.91  $ 2,511,139.00  
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COST AND SCHEDULE IMPACT 

Redesigned Superstructure Steel 
  

Member Type Total Type 

Weight (Tons) 

Price ($2,900/Ton) 

Columns: 101.36  $         293,944.00  

      

Framing: 484.07  $     1,403,803.00  

      

Total 585.43  $ 1,697,747.00  
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Total Roof System Cost 
    

Existing  $          5,852,313.00  

    

Redesign  $       13,865,902.00  

    

Difference  $   (8,013,589.00) 
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COST AND SCHEDULE IMPACT 
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FAÇADE REDESIGN SMART-R WALL SOLUTION 

R=3.5 

R=22 
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Façade Life-Cycle Cost 

Schematic Brick $8,678,995  

Schematic Metal Panels $8,682,912  

90% Glass $8,825,755  

80% Glass $8,793,717  

70% Glass $8,764,696  

60% Glass $8,737,283  

50% Glass $8,717,036  

SOUTH ELEVATION NORTH ELEVATION 

LIFE-CYCLE COST ANALYSIS 
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SOUTH ELEVATION NORTH ELEVATION 

Existing vs. Redesign Façade Cost and Duration 
  

  Wall Type Total 

SF 

Daily Output 

(SF/Day) 

Cost/SF Total Duration 

(Days) 

Total Price 

Existing: Curtain Wall 13760 375  $  60.00  37  $            825,600.00  

  Exterior Brick 15570 80  $  37.00  195  $            576,090.00  

  Metal Panel 5770 50  $  52.00  120  $            300,040.00  

   Totals:  351  $        1,701,730.00  

  

Redesign: Curtain Wall 24065 375  $  60.00  64  $        1,443,900.00  

  Exterior Brick 7547 80  $  37.00  94  $            279,239.00  

  Metal Panel 4361 50  $  52.00  90  $            226,772.00  

  Totals: 249  $        1,949,911.00  
  

Difference: 102  $241,181.00  
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COMMUNITY ROOF OUR DESIGN ACTUAL DESIGN 
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COMMUNITY RINK REDESIGN 
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COMMUNITY RINK REDESIGN 
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BOWSTRING JOIST DESIGN 
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BOWSTRING JOIST DESIGN 
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4D CONSTRUCTION SEQUENCE 
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EVENT LEVEL COORDINATION 
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EVENT LEVEL COORDINATION 
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AHU-6 
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AHU-6 
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AHU-7 

ACTUAL SOLUTION 
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DUCTS 

PIPING 

ACTUAL SOLUTION 
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MECHANICAL LOFT DESIGN 
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MECHANICAL LOFT DESIGN 
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MECHANICAL LOFT DESIGN 
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AHU-6 AND AHU-7 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 



Nate Babyak Brian Sampson Alex Schreffler 

AHU-6 AND AHU-7 
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AHU-6 AND AHU-7 
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AHU-MAIN BOWL 
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AHU-MAIN BOWL 
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AHU-4 
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AHU-4 
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AHU-1 AND AHU-2 
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AHU-1 AND AHU-2 
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DUCTWORK SAVINGS 

Existing vs Redesign Ductwork Totals 

    

  Length Cost 

    

Total Existing 

Ductwork:  

3546.88  $1,853,464.96  

    

Total Redesign 

Ductwork: 

1301.67  $870,818.29  

    

Cost Difference:   
 $982,646.67  
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SHAFT COORDINATION 
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SHAFT COORDINATION 
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MEP DESIGN 
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MEP DESIGN 
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MEP DESIGN 
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MEP DESIGN SUITE COORDINATION 
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EVENT LEVEL REDESIGN 
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EVENT LEVEL REDESIGN 
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DUCTWORK PIPING RISERS 
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DUCTWORK PIPING RISERS 

 

CATWALK/CLUB 

 
MAIN/CLUB 
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MAIN CONCOURSE PLENUM COORDINATION 
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MAIN CONCOURSE PLENUM COORDINATION 
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Clash Runs # of Clashes 

1 595 

2 540 

3 494 

4 457 

5 215 

6 177 

7 131 

8 100 

9 95 

ENGINEERING COORDINATION 
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ENGINEERING COORDINATION 
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ENGINEERING COORDINATION 
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ENGINEERING COORDINATION 
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REFLECTIONS 

Collaboration = IMPORTANT 

 

Missing Architect? 

 

Design Challenge 

 

Construction Benefits 
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ROOF REDESIGN CONCLUSION 

Long Span Challenge 

 

Iterations 

 

Foundation Investigation 

 

Construction/Manufacturer Involvement 

 

IMPROVEMENTS NECESSARY 
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FAÇADE CONCLUSIONS 

Architectural Necessity  

 

Concourse Daylighting 

 

Minimal Energy Impact 

 

FEASIBLE 
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LOFT CONCLUSIONS 

Improved Mechanical Efficiency 

 

Earlier Planning 

 

Architectural Impact 

 

FEASIBLE 

 

 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 



Nate Babyak Brian Sampson Alex Schreffler 

LOFT CONCLUSIONS 

Improved Mechanical Efficiency 

 

Earlier Planning 

 

Architectural Impact 

 

FEASIBLE 

 

 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 



Nate Babyak Brian Sampson Alex Schreffler 

ACKNOWLEDGEMENTS 

Family and Friends 

Prof.Holland 

Prof. Parfitt 

Prof. Ling 

Dr. Lepage 

Dr. Mistrick 

Dr.  Messner 

 

 

Prof. Dodson 

Dr. Geschwindner 

Ryan Solnosky 

John Jackson 

Brian Nahas 

Michael Gilroy 

Alyson Larimer 

 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 



Nate Babyak Brian Sampson Alex Schreffler 

Introduction      Roof Redesign      Façade Redesign      Mech Loft Design      Coordination      Conclusion 

QUESTIONS/COMMENTS 


