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EXECUTIVE SUMMARY 

The Compton Family Ice Arena is 200,000 square foot complex located on the University of Notre Dame’s campus 

in South Bend, Indiana. It is a three story space comprised of a main event level, a concourse level, and a club level 

housing two ice rinks, locker rooms, learning and office spaces, and a grand entrance foyer. A steel framing system 

supports a lightweight composite floor system and lateral loads are resisted by braced frames pinned to mat 

foundations.  

This report opens with an overview of the existing building summarizing the design criteria and confirming 

structural adequacy. Analysis reveals a logical and appropriate layout characterized by cost effective design thus 

leading to an investigation into the long span roof design of the arena.  Research then led to the consideration of a 

roof system popularized by structural engineering firm Walter P. Moore for use in many of their arena design 

projects. This system, deemed the table top truss, replaces traditional long span design with a unique 

configuration of box trusses carrying load out to four super columns to accomplish roof support at significantly 

smaller spans.  

Guided by existing buildings utilizing the same system, and adapted model is designed to service the Compton 

Family Ice Arena while remaining as minimally invasive to the current structure as possible. The analysis includes 

redistribution of loads and the introduction of prominent super columns, and ultimately requires a re-assessment 

of the lateral system for adjustments in roof height and column layout. Geometry and arrangement of the truss 

system is manipulated and iterated in order to find the most efficient and effective layout and framing members 

are optimized for the most economic design.  

In addition, the impacts of the proposal stretch beyond just structural verification having influences across all 

phases of design. Thus, two additional studies are performed to address architectural and construction 

management impacts as a result of the table top truss.  

The architectural investigation looks to accomplish both functional and aesthetically pleasing design of the seating 

bowl with the incorporation of the new columns at corner sections of the club level. In addition, it addresses 

changes in floor plans due to column shifts at certain points throughout the building. In all cases of architectural 

coordination the structure is found to be nominally disruptive to the function of the building. Furthermore, the 

seating at the upper club level sections is redistributed and the arena gains a bold and exaggerated aesthetic 

appeal.  

The erection procedure for the system is also affected as the new design calls for a specific and marginally 

unconventional process. The introduction of shoring towers and added effects of additional bolting and welding at 

truss connections calls for an assessment of construction schedule and cost and is found to add little to no 

construction time but rather create changes to crane procedure and layout.  

The following report addresses and details each of these design phases and provides all necessary supplemental 

material in the appendices thereafter.  
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BUILDING INTRODUCTION 

 
 
 
 

BUILDING OCCUPANT NAME: Notre Dame University 
OCCUPANCY OR FUNCTION TYPE: Arena 

SIZE: 203,000 SF 
TOTAL LEVELS: 3 

N O T R E  D A M E  
U N I V E R S I T Y  
Notre Dame, IN 46556 
 
R O S S E T T I  
Two Towne Square, Suite 200 
Southfield, Michigan 48076 

 
B A R T O N  M A L O W  
26500 American Drive 
Southfield, MI 48034 

 
S D I  I N C . 
275 East Liberty 
Ann Arbor, Michigan 48103 

 
P E T E R  B A S S O  
A S S O C I A T E S  
5145 Livernois, Suite 100 
Troy, MI  48098 

 
H E A P Y  E N G I N E E R I N G  
1400 West Dorothy Lane 
Dayton OH 45409 

 
F P & C  
One Ward Parkway, suite 200 
Kansas City, MO 64112 

 
A C O U S T I C  

http://maps.google.com/maps?f=q&hl=en&geocode=&q=Peter+Basso+Associates,+5145+Livernois,+Troy,+MI+48098&ie=UTF8&z=16&iwloc=A
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FIGURE 1: INTERIOR RENDERING OF ENTRANCE VESTIBULE 

FIGURE 2: CONCOURSE LEVEL FLOOR LAYOUT 

FIGURE 3: AERIAL RENDINERING FROM EAST SIDE OF ARENA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Situated on the University of Notre 
Dame’s Campus in South Bend, Indiana, 
The Compton Family Ice Arena has just 
opened its doors as the home stadium 
of the Fighting Irish. Inspired by famous 
gothic architecture and in staying true 
to the style of Notre Dame’s Campus, 
the stadium features an elegant cast 
stone façade and interior gothic 
vernacular. The sophistication required 
by the University standard as 
interpreted by the vision of Rossetti 
Architects produces a classic building 

D I M E N S I O N S  
15505 Wright Brothers Drive 
Addison, Texas 75001 

[Type a quote from the document or the 

summary of an interesting point. You can 

position the text box anywhere in the 

document. Use the Drawing Tools tab to 

change the formatting of the pull quote 

text box.] 
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with all the functionality of a state of the art arena.  

Featuring a full size collegiate arena as well as an Olympic sized arena, a full concessions layout, 
and more than 5000 spectator seats, the new space is not only magnificent in appearance but 
truly versatile in meeting the needs of the program and community.  Adding to amenities will 
be locker rooms, lounges, classrooms, and study areas, as well as offices, conference areas and 
media space necessary to facilitate a division one program.  

As mandated by the university in conjunction with their sustainability goals across campus, the 
building was designed with great concern and adherence to LEED requirements. Upon official 
evaluation it will hopefully acquire LEED silver rating and include a number of state of the art 
sustainability features.  

Cost of Construction for the project is approximately $50 million dollars and at the end of the 
physical process that began in May of 2010, the University and community will have over 
200,000 square feet of recreational and multi-use space.   

EXISTING STRUCTURAL OVERVIEW 

The Compton Family ice Arena is a three level complex supported by a primarily steel frame 

structure resting on concrete piers. The long span construction necessary for the open 

atmosphere required of an arena is accomplished through upwards of 15’ deep barrel trusses 

across the ice surface and a supporting framework surrounding the central focus. The incredible 

load induced by the precast risers characteristic of the bowl structure is addressed with sizable 

rakers fanning the event level as well as precast concrete walls below the stadia. The lateral 

system as will be discussed is comprised of concentric braced frames throughout the building. 

FOUNDATIONS 

Earth Exploration Inc. was contracted to investigate subsurface conditions to gain a 

geotechnical perspective with regard to foundations. What they found was primarily granular 

type soil extending 75ft with the exception of a particular location of cohesive soil at 22-32 ft. 

below surface. Despite these weak spots though, the site was deemed adequate to carry the 

loads of the facility of this nature as long as typical low bearing pressures were maintained. In 

this case, proposed spread footings were approved without the need of any deep foundation 

system.  
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In following, the ice arena utilizes a combination of mat foundations, grade beams, and typical 

footings, with step footings typical around the perimeter of the building. The mat foundations, 

at 18’’ and 23’’ thicknesses, require #5 bars at 12’’ o.c. each way at both the top and bottom as 

well as additional #5 bars centered under the columns at 23’’ mats (See Figure 1). The grade 

beams primarily span the perimeter of the ice at a minimum thickness of 12’’ and require (2) #9 

bars through the entire footing.  The remaining footings vary in thickness from 18’’ to 42’’ and 

require typical bottom reinforcement in both directions. A typical detail at a concrete pier can 

be seen in Figure 4. 

ROOF SYSTEM 

The profile of the Compton Family ice Arena is distinguished by 4 different roof levels as can be 

seen in Figure 5. In blue is the Olympic Ice roof level sharing an elevation with the offices and 

conference rooms also shown in blue on the north side of the Arena. These two sections extend 

32 ft. above grade. The area shown in green has a roof level of 48 ft. and the yellow area 

represents the curved roof that reaches a maximum height of 63ft. All sections but the yellow 

are flat roofs utilizing 1-1/2’’ 18gage type B wide rib metal roof deck with a vapor retarder, two 

layers of rigid roof insulation and a single ply roofing membrane. The main arena sloped roof, 

however, demands 7 ½’’ 18gage type N wide rib metal rood deck with the same roof. 

FIGURE 4: TYPICAL DETAIL AT CONCRETE PIER  

14’ 

32’8’’ 
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FLOOR CONSTRUCTION 

At grade, typical floor construction calls for all interior slabs to be 5’’ slab on grade with 6x6 

W1.4xW1.4 WWF on a 10mm vapor barrier, on compacted granular fill. At both the concourse 

and club levels the floor support consists of 3” 18 gage composite metal deck with 3 ¼‘’ light 

weight concrete above the deck and 6x6 W2.9xW2.9 WWF. Also required are 3/4 ‘’ diameter by 

5’’ long headed studs on all steel beams supporting concrete slabs.  

All metal deck was designed to be continuous over three spans minimum with the requirement 

of at least 2’’ bearing on steel supports. The framing of the arena can be broken in to two 

sections separated by the building expansion joint between column lines 5 and 6 (refer to plan 

views in appendices). The first is the main arena on the east wing and the second the Olympic 

sized arena on the west end. 

MAIN ARENA 

While the central ring on the arena is comprised of rakers based at slab on grade 

supporting the risers, the surrounding portions of the structure experience fairly regular 

framing with typical bay sizing. W21s and W18s framing into W24 and W33 girders 
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create roughly 13’x32’ bays on the north, south and west sides. Along the east side you 

find W12s framing in to W21s to make up roughly 12’x29’ bays.  

OLYMPIC ARENA 

The Olympic rink has no concourse level and extends only to its roof level at the 

concurrent of the main arena’s club level. This roof structure present at this location will 

be discussed in following sections. 

 

LATERAL SYSTEM 

Steel braced frames are used to resist lateral loads placed on the structure. The west end of the 

building uses primarily X bracing with C12s. The remaining braced frames are a combination of 

concentric and eccentric chevron bracing with HSS members at either 8x8x3/8 or 12x8x3/8. An 

example can be seen in Figure 7 below.  The columns connecting these braced franes range in 

size from W10 to W12 and require additional threaded anchor bolts embedded at least  20’’ 

into concrete with heavy hex nuts at the embedded end. The locations of each of these frames 

can be found in the Figure 6.   
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STRUCTURAL MATERIALS 

 

 

  

Usage Weight (PCF) Strength(PSI)

foundations 150 3500

interior slab 150 3500

interior slab 110 3500

exterior slab 150 3500

columns 150 4000

piers 150 4000

walls 150 4000

Usage Standard Strength

CMU ASTM C90 & C145 f'm=2000

Mortar Typical ASTM C270 -

Grout ASTM C476 f'c=3000

Usage Standard Grade

W-Shaped Structural Steel ASTM A992 -

Channels,Angles, Plates ASTM A36 -

HSS Round ASTM A500 -

HSS Rectangular, Square ASTM A500 -

Structural Steel Pipes ASTM A53 -

Structural Steel Bolts ASTM A325 -

Washers ASTM F436 -

Nuts ASTM A536 -

Steel Roof Deck/ Comsposite Floor Deck ASTM A653-94 33, G-60 Galvanized

Anchor Bolts ASTM F1554 -

Headed Steel Studs ASTM A108 1010-1020

Usage Strength

Soils Supporting Foundations 5000psf min allowable bearing capacity

Concrete

Masonry

Steel

Soils

Figure 8: Building Materials Used 
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DESIGN CODES 

Sheets S001 and LS101 indicate that the Building was designed to comply with the following: 

 2006 International Building Code (IBC) with local amendments 

 2006 international Mechanical Code (IMC) with local amendments 

 2006 International Plumbing Code (IPC) with local amendments 

 2006 International Fire Code (IFC) with local amendments 

 2005 National Electric Code with local amendments 

 2003 ASME A17.1 Elevator Safety Code 

 American Disabilities Act Accessibility Guidelines (ADAAG) 

 Minimum Design Loads for Buildings and other Structures (ASCE7-10) 

 Building Code Requirements for Structural Concrete (ACI 318-08) 

 Specifications for Structural Concrete for Buildings (ACI 301-05) 

 Masonry Construction for Buildings (ACI 530) 

 Technical Notes of Brick Construction (BIA) 

 Specification for Structural Steal Buildings (AISC) 

**This list also reflects the codes used for analysis in this technical report 
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Event Level 261.89

Concourse Level 176.09

Club Level 234.06

Main Roof level 72.70

Building Weights by Floor (psf)

Occupancy Uniform psf

Stadiums/Arenas 1st floor 100

Stadiums/ArenasUpper floor 60

Retail Stores 100

Catwalks for maintenance 40

Roof 20

Live Loads

Material Load (psf)

Slab 46

Façade 60

Superimposed 15

Dead Loads

GRAVITY LOADS 

A major component of this technical report was the calculation of dead, live, and snow loads 

acting on the building. Below is a summary of the gravity checks performed and load cases 

found. Supporting Calculations can be found in Appendix A of this report.  

DEAD AND LIVE LOADS 

An actual summary of dead and live loads was not provided for the analysis done on the 

building but the following tables provide the values used in this analysis as calculated by code 

or relevant assumptions.   In calculating the overall building weight, a number of elements were 

taken into consideration including slabs, steel beams and columns, façade, stadia seating, and 

roofing. What resulted was the following breakdown by floor and an overall building weight of 

47880k. 
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SNOW LOADS 

The roof snow loads were calculated in accordance with chapter 7 of ASCE 7-05. The resulting 

uniform load as found from the maps outlined in chapter 7 was found to be 42 psf. In addition 

to this load, the snow drift on the lower roof of the Olympic stadium was calculated as shown in 

the figure 13 below. Full calculations for this analysis can be found in Appendix A.  

 

 

 

 

 

 

 

 

 

 

 

 



 FINAL THESIS REPORT | h a l e y  m c c l e r n o n   

 

APRIL  4 ,  2 012  |  COM PT ON FA MIL Y I CE  ARENA |  SOU TH BEND,  IN DIAN A  17 

 

LATERAL LOADS 

WIND LOADS 

ASCE 7-10 was used to determine wind pressures on the Arena in both North-South and East-

West directions to show forces transferred to the Main Wind-Force Resisting System. 

Assumptions were made to simplify the shape of the building and the roof was taken to be flat 

due to the small magnitude of the slope angle. In addition, the roof elevation was set to one 

value at 48ft.  For this analysis, the red box shown in figure 14 represents the shape used to 

analyze wind loads.  As you will see in figure, the wind pressures  for windward, leeward, 

sidewall and internal pressures were all calculated using an excel spreadsheet and then used to 

find story forces at each level. The results for both north-south and east-west directions can be 

seen below.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Assumed Shape for Wind Analysis 
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(+)(Gcpi) (-)(Gcpi) (+)(Gcpi) (-)(Gcpi)

Event Level 0 11.72 4.06 -4.06 15.77 7.66

Concourse Level 16 12.27 4.06 -4.06 16.32 8.21

Club level 32.3 13.73 4.06 -4.06 17.79 9.67

Roof Level 48 14.89 4.06 -4.06 18.94 10.83

Leeward Walls ALL ALL -5.99 4.06 -4.06 -1.93 -10.05

Side Walls ALL ALL -13.41 4.06 -4.06 -9.36 -17.47

0-24 -24.91 4.06 -4.06 -20.85 -28.96

24-48 -13.41 4.06 -4.06 -9.35 -17.47

48-96 -13.41 4.06 -4.06 -9.35 -17.47

>96 -13.41 4.06 -4.06 -9.35 -17.47

Wind Pressures (East-West Direction)

Windward Walls

Roof

Type Level Distances(ft) Wind Pressure (psf)

Internal Pressure(psf) Net Pressure(psf)
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Height(Ft) Area(ft2) Height(Ft) Area(ft2)

Event Level 0.00 0.00 8.00 1908.00 23.41 211.66 0.00

Concourse Level 16.00 8.00 1908.00 8.15 1943.78 50.09 188.26 1506.06

Club level 32.30 8.15 1943.78 15.70 3744.45 82.43 138.17 1126.05

Roof Level 48.00 15.70 3744.45 0.00 55.74 55.74 875.11

211.66

3507.22

Wind Pressures (East-West Direction)

Total Base Shear:

Total Overturning Moment

Story Force(k) Story Shear (k) Overturning moment(k-ft)Floor Level Elevation

Trib Below Trib Above
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Height(Ft) Area(ft2) Height(Ft) Area(ft2)

Event Level 0.00 0.00 8.00 3578.40 43.90 397.01 0.00

Concourse Level 16.00 8.00 3579.20 8.15 3645.50 93.96 353.12 2824.93

Club level 32.30 8.15 3646.31 15.70 7022.61 154.60 259.16 2112.15

Roof Level 48.00 15.70 7024.18 0.00 104.56 104.56 1641.61

397.01

6578.69

Floor Level Elevation Story Force(k) Story Shear (k)

Wind Pressures (North-South Direction)

Total Base Shear:

Total Overturning Moment

Overturning moment(k-ft)

Trib Below Trib Above



 FINAL THESIS REPORT | h a l e y  m c c l e r n o n   

 

APRIL  4 ,  2 012  |  COM PT ON FA MIL Y I CE  ARENA |  SOU TH BEND,  IN DIAN A  21 

 

(+)(Gcpi) (-)(Gcpi) (+)(Gcpi) (-)(Gcpi)

Event Level 0 11.72 4.06 -4.06 15.77 7.66

Concourse Level 16 12.27 4.06 -4.06 16.32 8.21

Club level 32.3 13.73 4.06 -4.06 17.79 9.67

Roof Level 48 14.89 4.06 -4.06 18.94 10.83

Leeward Walls ALL ALL -9.58 4.06 -4.06 -5.52 -13.64

Side Walls ALL ALL -13.41 4.06 -4.06 -9.35 -17.47

0-24 -16.32 4.06 -4.06 -12.27 -20.38

24-48 -16.32 4.06 -4.06 -12.27 -20.38

48-96 -9.18 4.06 -4.06 -5.12 -13.23

>96 -5.59 4.06 -4.06 -1.54 -9.65

Type Level Distances(ft)

Wind Pressures (North-South Direction)

Internal Pressure(psf)

Wind Pressure (psf)

Net Pressure(psf)

Windward Walls

Roof
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SEISMIC DESIGN 

Seismic load calculations were performed in accordance with chapters 11 and 12 of ASCE 7-05 as outlined by the 

Equivalent Lateral Force Procedure. For use of this method the building footprint was again simplified to a 

rectangular form similar to that used in the wind load calculation. Because the same lateral bracing system is used 

in both the north south and east west directions, the resulting forces were equivalent.  

It was here that the building floor weights were taken in to account and as can be seen in the charts below, the 

exceedingly heavy nature of the structure plays a large part in the dominance of the seismic forces. With a soil 

classification, D, and the combination of heavy building weight and low roof height, it is unsurprising that seismic 

forces outweigh wind load by as much as 6 times in the east-west direction and 2.5 in the north-south direction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Level Story Weight, wx(k) Story Height, hx(ft) wxhxk Cvx Story Force(k) Fx=CvxV Story Shear (k) Overturning Moment(k-ft)

Event Level 29000.00 0.00 0.00 0.00 0.00 970.70 0

Concourse Level 11798.00 16.00 188768.00 0.21 201.91 970.70 15531.2

Club level 5790.76 32.30 187041.55 0.43 413.52 768.79 24832.05912

Roof Level 1291.00 48.00 61968.00 0.37 355.28 355.28 17053.2576

970.70

57416.52

Total Base Shear:

Total Overturning Moment

SeismicForces (East-West and North-South Directions)

355.28k 

413.52k 

201.91k 

970.7k 

57,417 k-ft. 
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ROOF STRUCTURE 

The current high roof framing consists of eight barrel trusses spanning across the 156 ft. open 

bowl at 36 feet on centers. The curved trusses are comprised of W36x210 bottom chords and 

W14x146 top chords with W8x35 vertical and diagonal elements. Between each truss spans a 

curved W12x16 shape and east west bracing utilizes W21x44’s at approximately every twelve 

feet. The trusses frame into W14x90 columns at both ends of the span. A typical truss can be 

seen in image below 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9: Current High Roof Plan with barrel trusses highlighted 
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A complete framing system take off and cost estimate can be found within the structural depth 

of this thesis as it will later be compared to alternative systems for economy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Typical barrel truss detail 
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PROBLEM STATEMENT 

 

As confirmed by the preceding analysis, the Compton Family Ice Arena has been built to 

meet sufficient strength and serviceability requirements as well as impressively match and 

enhance the landscape of the University of Notre Dame campus while maximizing functionality. 

It was designed under the University budget with great emphasis on cost control yielding nearly 

the most economical design possible.  

In searching for the most practical and effective redesign, it was natural to rule out 

concrete design and as proven by the floor re-designs in technical report three, unlikely to find 

a more efficient floor system.  O great interest to the author of this report though and of 

particular relevance to this building was an investigation of the long span design of the arena. 

 Of large consideration in an Olympic scale arena project like this is effectively and 

efficiently addressing the long spans necessary to maintain the open bowl of the arena. The 

existing structure is defined by barrel trusses spanning 157 ft. in the North-South direction over 

the 252 ft. length of the main arena. At a maximum, the distance between bottom and top 

chord is 15 ft. creating a sloped roof over the length of the main arena comprised of W14 and 

W36 sized chords.  

While this design creates an aesthetically adequate structure satisfactory to carry the 

roof loads and maintain structural stability and serviceability, there are a considerable number 

of possibilities in designing a roof like this based on further limiting criteria such as cost, 

constructability, and schedule impact. While these were all considered in the design of the 
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Compton Family Ice Arena, it appears that the final design was based largely on economy thus 

ruling out a number of possibilities leading to advantages in aesthetic, constructability, usability 

and efficiency.  

So while there is no true “problem” as far as the structure of the Compton Family Ice 

Arena is concerned, the basis for this report is an exploration into long span alternatives for the 

anticipated improvement of the comprehensive design.  

 

PROPOSED SOLUTION 

 

In addressing long span design there were a number of options for ideal configurations. 

Considered in this case were two of particular interest. The first of which was an alternative to 

the original design using glue laminated wood framing for hybrid design of the long span steel 

trusses. The second was an investigation into a trend in Stadia design popularized by lead 

engineers at Walter P. Moore known as the table top truss system. Championed for its span 

reduction capabilities, coordination advantages and serviceability, it has been implemented in a 

number of projects across the country including the Reed Arena at Texas A&M University and 

the Toyota Center in Houston, Texas.  

The design calls for central rectangular shaped box truss supported by four truss legs 

spanning to the outside of the arena bowl. The entire system then comes down on eight 

columns which effectively support the entire roof load. A representation of this system can be 

seen in Figure 11.   
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The Goals of this redesign are to decrease span lengths thus decreasing steel usage 

while maintaining strength and serviceability requirements and explore the possibility of the 

table top truss on a slightly smaller scale structure. It will require significant attention to the 

design and seating requirements of the arena as it will displace existing seating and obstruct 

sight lines if not properly considered. 

 

BREADTH STUDIES 

In maintaining the integrated nature of the Architectural Engineering curriculum, this 

report has been enhanced by two breadths aimed at supplementing the structural redesign.  

With such large scale change comes architectural and aesthetic alterations to both the 

roof and dome structure. The newly sized dome will be visible from the exterior, as presumed, 

and thus must not throw off the balance and movement of the overall structure. In addition, 

Figure 11: Table Top Truss Formation Loosely adapted from 

Reed Arena in Houston, Texas 
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the box trusses will bring the columns within the bowl of the arena requiring a re-sculpting of 

the seating layout with attention to site lines and visibility. It will change the overall look of the 

interior and reworking of the layout to incorporate an equal number of seats so as not to 

compromise to economy of the building.   

In addition, the unique nature of the table top truss requires a specific erection 

procedure not often utilized in projects of this scale. The cost and feasibility of utilizing shoring 

towers for erection is analyzed and the effect on the construction schedule assessed. 

STRUCUTRAL DEPTH: TABLE TOP TRUSS DESIGN 

PREFACE 

In re-designing the roof structure of the Compton Family Ice Arena, significant changes were 

required throughout the building. For the purposes of the analysis, only the eastern portion 

containing of the facility containing the main arena was considered. The existing structure 

contains an expansion joint at this juncture making this a practical approach. The Image below 

show the building used within the scope of this thesis as separated between column lines six 

and seven. A larger representation of this and other typical floor plans can also be found in 

appendix C.  

 

 

 

 

 

 

 Figure 12: Foundation plan highlighting the portion of the complex focused on in this thesis 
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BACKGROUND 

The table top truss utilizes a rectangular system of box trusses pulled in over the main 

ice sheet.  Central loads are then distributed to super columns at the corners of the bowl by 

four leg trusses extending radially outward from the corners of the rectangle. The system 

strives to substantially shorten spans without obstructing the necessary clear span thus 

reducing necessary steel weight and ultimately achieving cost savings.  While the economic 

advantages are incredibly attractive, this system strives to do more in working  to the greater 

good of the entire building through coordination among all design factions.  

When approaching arena design or stadia design of any sort it is import to assess the 

usage of the building in accordance with the structural and functional design. While the roof 

system primarily supports the roof live and dead loads it is also responsible for supporting the 

cat walk necessary for lighting and maintenance as well as loads from rigging beams and 

substantially sized scoreboards.   

Striving to make each of these systems work in harmony with one another, the table top 

truss aligns the major functions of the space creating a central grid mapped by the rectangle of 

the table top truss. The box formation of the trusses allows easy access to the catwalks which in 

turn act as the frame of the central rigging grid necessary for all lighting staging and sound 

equipment erection for events within the arena. In the case of this re-design, these loads 

account for almost 100,000 pounds of additional dead load on the trusses plus associated live 

loads. Aligning the system not only simplified analysis but added long term value.  
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Figure 13: (Above) Schematic showing alignment among table top truss, cat walk and rigging grid. 

Figure 14: (Below) Existing architectural plans at concourse (left) and club (right) levels with superimposed truss. Drawn to Scale. 
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TRUSS LOCATION 

The trusses are designed to maintain the fairly simple grid of the existing structure, align 

with the catwalk and rigging plans, and shorten spans as much as possible.  The image in figure 

15 shows the box truss in plan view superimposed over the existing low roof plan. As made  

visible, the trusses fit naturally and efficiently into the space and create an entirely new visual 

experience at the roof level. With the exception of two column shifts discussed here-after, the 

remainder of the roof framing is not only unchanged but incorporated into the new load path.  

The core of the table 

top truss is comprised of eight 

individual trusses framing the 

inner and outer perimeters of 

the configuration. Trusses A 

and C span the inside  taking 

loads from the central space 

while trusses B and D are 

removed 9’ -2’’ from A and C 

respectively and designed to 

carry the loads from the 

perimeter.  

 

 

 

 

 

Figure 15: The eight trusses of the “Table Top 

Truss” overlaying the existing framing grid at the 

high roof level. (3D model at left) as well as 

existing low roof (Plan View at Right) 

Accompanying three dimensional representation. 

(Images extracted from ETABS) 
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This configuration allowed the designer to shorten the existing long span by almost 65’-

0’’ decreasing the distance from 156 ft. to 91’-8’’ as can be seen in Figure 16.  While the longest 

truss in the table top, Truss B, extends 188’-0’’, this design calls for only two trusses as this 

length as opposed to the existing eight trusses currently in place.  

The most important factor effecting location though was the ultimate column 

placement at the four corners of the structure. These columns interrupt the bowl seating at the 

club level requiring seat relocation and sight line analysis (further information provided in the 

Architectural Breadth of this paper) as well as structural coordination. The eight trusses 

A: 167.67’      C: 91.67’ 

B: 188’              D: 110’ 

 

Figure 16: Comparison of span lengths between Proposed and existing systems. Truss spans color coded and called out in pan view.  
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distribute their load to the four legs of table top to then be carried to the outside of the bowl 

where the loads are taken by eight super columns. Figure 17 shows the location of the entire 

roof structure superimposed over the initial structural plan at each level. It highlights the 

interaction between the existing structure and new roof design so as to highlight the logical 

integration of the two.  The super columns have been highlighted at each level showing their 

unobstructed path to the ground level. This structure was designed particularly to clear the  

concourse level so as to avoid losing excessive seating. Additionally, this allowed for the bowl 

design to remain undisturbed in the design process. Provided in Figure 18 are typical corner 

sections at the concourse and club levels showing the exact location of the newly introduced 

super-columns as they line up with the existing structure. 

 

While much of the surrounding structure was left untouched, there were adjustments 

necessary to accommodate the changes. In order to maintain the symmetry of the structure 

Figure 17: Table Top Truss Superimposed over structural plans at concourse (LEFT) and club (RIGHT) levels.  
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Existing Column Location (F) 

Shifted Column Location  

 

      Shifted Column Location  

Existing Column Location (Y) 

 

necessary for stability, the columns at grid lines F and Y were pulled in by fourteen feet as seen 

in Figure 19. This change moved the columns from one side of a hallway to the other thus  

requiring very minimal architectural adaptation. In addition, the columns at the exterior of the 

building were found to adequately carry the increased loads.  

 

 

 

 

 

 

 

 

Figure 18: (Above) Typical 

corner column impact on 

surrounding structure at Club 

(Top) and Concourse 

(Bottom) levels.  

Figure 19: (Left) Depiction of 

column shifts necessary to 

accommodate roof structure.  
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Roof 20PSF

Material Load (PSF)

Roof Deck 4.46

Single Ply membrane 2

Rigid Roof Insulation(2 layers) 4.5

Vapor Retardent 0.7

Exterior Roof Sheething 2

Catwalk/Rigging Loads 7

Occupancy Type
Load (PSF)                                                     

(Per IBC2009 & ASCE7-10)

Live Loads

Dead Loads

The East and West ends of the roof structure were designed to line up exactly with the 

columns at grid lines 10 and 25.5 and thus seamlessly fit into the existing structural layout. 

These column lines were restricted by surrounding code required egress thus posing a greater 

challenge if altered.  

TRUSS ANALYSIS 

LOADS 

Loads for the table top truss structure were calculated in accordance with the initial 

design loads. Each truss was analyzed under a number of combinations at which point it was 

determined that 1.2D + 1.6L would be the controlling load case for the design. The results of 

each analysis can be found in appendix A justifying this conclusion. The member forces were 

calculated by hand using the joint method for truss analysis and altered per load case through 

utilization of an excel table. Each truss was then further checked for force and deflection using 

a RISA2D model. A summary of the loads can be found in Figure 20.  

 

 

 

 

 

 

 

 

 

DESIGN  

Figure 20: Summary of Loads used for Gravity Analysis 
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Once loads were calculated the members were analyzed and designed to comply. All 

trusses are Pratt trusses as is typical in this type of structure. The design process was multi step 

beginning with a hand selection of appropriate section choices based on force and deflection 

calculations acquired in analysis. Appendix B contains all calculations used to define sections 

chosen to fulfill minimum sizing requirements based on the AISC Steel Construction Manual. 

The trusses were then re-modeled in SAP with the assigned sections and run to utilize the 

programs optimization capabilities. In the final steps of the process, all checks were taken into 

account and typical member sizes were chosen for each truss so as to develop efficient and 

economic trusses. All trusses were designed with W14 chords, and 2L shapes for diagonals and 

posts.  

 

A break-down of this procedure is shown below for each truss to represent the complete process by which 

design sets were chosen. Information includes final truss dimensions, chord and bracing choices, and deflection 

and optimization models.  
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TRUSS A 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Final Design Take-Off’s for Truss A 

Section Quantity
Total Length 

(in)

Total Length 

(ft)
Total Weight

2L5X3X1/4X3/4LLBB 2 784.092 65.341 0.863

2L5X3X5/16X3/4LLBB 2 784.092 65.341 1.069

2L5X5X7/16X3/8 2 586.409 48.867 1.403

2L6X4X1/2X3/8LLBB 1 331.917 27.660 0.894

2L6X6X3/8X3/8 1 288 24.000 0.715

2L8X4X7/16X3/8LLBB 2 784.092 65.341 2.268

2L8X6X7/16X3/8LLBB 2 576 48.000 1.96

2L8X8X3/4X3/8 5 1440 120.000 9.392

2L8X8X5/8X3/8 2 576 48.000 3.169

W14X68 10 2036 169.667 11.547

W14X90 12 2655.917 221.326 19.958

Table 15:  Material List By Section Property

Top: Exaggerated deflected shape modeled in 

RISA2-D Left: SAP2000 optimization output 

showing capacity of each designed truss member. 

Red indicates an overstressed member vs. grey 

representing a member carrying little to none of 

its load capacity. 
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TRUSS B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section Quantity Total Length(in) Total Length (ft) TotalWeight

W14X68 2 576 48 3.267

W14X82 2 576 48 3.92

W14X90 8 2304 192 17.313

W14X109 12 2256 188 20.471

W14X193 12 2256 188 36.336

2L5X3X1/4X3/4LLBB 2 784.092 65.341 0.863

2L6X6X1 1 288 24 1.797

2L7X4X7/16X3/8LLBB 2 784.092 65.341 2.061

2L8X4X3/4X3/8LLBB 2 616.584 51.382 2.972

2L8X4X5/8X3/8LLBB 2 616.584 51.382 2.5

2L8X6X9/16X3/8LLBB 2 784.092 65.341 3.38

2L8X8X5/8X3/8 2 616.584 51.382 3.392

Table 23:  Material List By Section Property

Top: Exaggerated deflected shape modeled in 

RISA2-D Left: SAP2000 optimization output 

showing capacity of each designed truss 

member. Red indicates an overstressed member 

vs. grey representing a member carrying little to 

none of its load capacity. 

Final Design Take-Offs for Truss B 
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TRUSS C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TRUSS D 

91’-8’’ 

18’-4’’ 22’-11’’ 4’-7’’ 

Section Quantity Total Length (in) Total Length (ft) Total Weight (K)

W14X22 8 1210 100.833 2.227

W14X48 1 288 24.000 1.152

W14X61 6 1566 130.500 7.949

W14X68 2 576 48.000 3.267

W14X74 1 288 24.000 1.78

W14X82 1 288 24.000 1.96

2L4X3X1/4X3/8LLBB 2 724.828 60.402 0.695

2L5X3X1/2X3/8LLBB 2 586.409 48.867 1.249

2L7X4X3/8X3/8LLBB 2 796.414 66.368 1.807

Table 18:  Material List 2 - By Section Property

Top: Exaggerated deflected shape modeled in 

RISA2-D Left: SAP2000 optimization output 

showing capacity of each designed truss 

member. Red indicates an overstressed member 

vs. grey representing a member carrying little to 

none of its load capacity. 

Final Design Take-Offs for Truss C 
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LEG TRUSSES 

Section Quantity
Total Length 

(in)

Total Length 

(ft)
Total Weight 

(K)
W14X43 8 1320 110.000 4.716

W14X53 1 288 24.000 1.274

W14X61 2 576 48.000 2.924

W14X74 10 1896 158.000 11.721

W14X90 4 1152 96.000 8.657

2L4X3X1/4X3/8LLBB 2 724.828 60.402 0.695

2L7X4X1/2X3/8LLBB 2 616.584 51.382 1.836

2L7X4X3/8X3/8LLBB 2 724.828 60.402 1.644

2L7X4X7/16X3/8LLBB 2 616.584 51.382 1.621

Table 23:  Material List By Section Property

Top: Exaggerated deflected shape modeled in RISA2-D 

Left: SAP2000 optimization output showing capacity of 

each designed truss member. Red indicates an 

overstressed member vs. grey representing a member 

carrying little to none of its load capacity. 

Final Design Take-Offs for Truss D 

110’-0’’ 

2 @ 18’-4’’ 2 @ 9’-12’’ 
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The leg trusses are responsible for carrying the load to super columns at the exterior of 

the frame. Connecting directly to the trusses through a combination of bolting and welding, a 

rigid connection is created between the framing elements. While the design of this connection 

was beyond the scope of this thesis, engineers at Walter P. Moore lended their expertise in 

suggesting a suitable connection.    

To achieve necessary strength, full penetration welds must be created at the flanges of 

the connection between Trusses A and C as well as Trusses B and D. The leg trusses frame in at 

this connection as well requiring both full penetration welds and bolting at every location. This 

includes a connection to Truss B, Truss D and the intersection of Trusses A and B. Additional  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21: Typical Connection for Knuckle Joint as Provided by Walter P. 

Moore Engineers 
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plates ensure that full penetration welds cover the entire thickness of all flanges being 

connected. A typical detail as provided by Walter P. Moore can be seen in figure 21.  

The sizing of the leg trusses was conducted in the same manner as the eight primary 

trusses. To carry the combined loading of the emerging trusses, the chords of the leg trusses 

required W27’s at the top chord and typical 2L8x8x1 diagonals. A complete material list can be 

found in the material take-off conducted for cost analysis later in this section.  

COLUMN CONNECTIONS 

The connections between the leg trusses and the columns are critical to the system and 

achieved through the use of pot bearings. These connections allow for the movement of the 

trusses without compromising strength of connection. These bearings are capable of 

transmitting forces while absorbing  deformations and rotations. A larger depiction of a  pot 

bearing can be found in Appendix E.   

This type of bearing can take exceedingly large vertical loads ranging from 5,000-30,000 

kN making it a desirable approach to this system.  

As can be seen in Figure, The legs of the table top come down on 10’’ pipes to the pot 

bearing where the load is then transferred to the columns. Three dimensional representations 

of this schematic can be seen on the following page. In addition, the image below shows the 

basic geometry of the members.  

 

 

 

 

 

 

Figure 22: Extruded SAP model highlighting structural geometry 
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Figure 23: Typical connection at corner column locations.  
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SUPPLEMENTAL FRAMING MEMBERS 

The infill steel spanning both the inside and outside of the table top truss is comprised 

of conventional deep long span joists. Joists were found to be more efficient than beams in this 

case due to the long spans and lack of restrictions or depth requirements.  Joist loads were 

calculated using the same loads specified above in Figure 20 and sized for necessary spans using 

the Vulcraft Steel Joist and Joist Girder manual. All hand calculations can be found in appendix 

C.  

  The interior joists were designed so as to distribute load evenly to each side of the 

rectangular box truss. For this reason, center joists span in North-South direction framing into 

Truss A, while the outer joists are turned 90° to frame into truss C. A number of layouts were 

investigated to determine the most efficient spacing before the arrangement in figure 23 was 

decided most efficient. 60DLH16 joists span in the long direction across the eighty eight foot 

center section at 5’-6’’ O.C. .  26LH13 joists, also at 5’-6’’ O.C, frame into truss C across the two 

forty foot outside sections. To carry the interior point loads from the 26LH13 joists as well as 

the standard roof loads, joists girders were designed to span the 91’-8’’ on either side of the 

60DLH16 grouping. While it is typical practice to design and special order a joist girder of this 

size and specificity, a 100G10N19F joist girder was chosen from the Vulcraft Steel Joist and Joist 

Girder manual in order to better estimate final costs. 

The joists selected to span from outside trusses to the surrounding columns were 

44LH17 joists. These were sized in the same manner as the previous joists and calculations can 

be found in appendix C. 
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LATERAL DESIGN 

The lateral force resisting system had to be adjusted to account for the new roof height as well 

as the column shifts made to accommodate the roof system. Column lines were pulled inward 

at grid lines F and Y thus creating a new shape for the roof structure and inherently adjusting 

the roof diaphragm created by the decking spanning this section. So as to adequately absorb 

the lateral loads incurred, the braced frames at these gird lines were also shifted inward.  

In order to assess to capacity of the system with the given adjustments, Wind pressures were 

re-calculated (see Appendix A) and applied to an adjusted model created in ETABS. The new 

model accounted for frame shifts, diaphragm changes and height adjustments but left original 

framing in place.  

Load cases were applied in compliance with ASCE7-05 pictures below to find the controlling 

load case.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 25: Load Cases defined by ASCE7-05 
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Total Force X-Direction Total Force Y Direction Total Force

Load Case 3

ROOF 73.16 111.85 137.25

CLUB 110.52 171.75 210.75

CONCOURSE 72.19 115 140.25

Load Case 4

ROOF 54 83.25 103.1

CLUB 82.5 128.25 158.2

CONCOURSE 54 86.25 105.7

Load Case 1

Load Case 2

Section Level KL P bx by P Mx My Capacity Check

w10x45 1(J) 16 3.27 5.19 11.70 57.15 2.82 74.31 0.94

w10x45 2 16 3.27 5.19 11.70 20.76 0.54 11.04 0.16

w10x45 3 29 10.70 7.82 11.70 0.14 0.12 17.40 0.22

w10x45 1(H) 16 3.27 5.19 11.70 57.23 3.89 82.73 1.05

w10x45 2 16 3.27 5.19 11.70 20.83 0.62 12.36 0.17

w10x45 3 29 10.70 7.82 11.70 0.15 0.19 19.11 0.24

Lateral Column Checks

 

 

 

 

 

 

 

 

The controlling load case was then decided upon as load case three because it produced 

the greatest forces of the four cases. Once this was decided, columns beams and braces were 

checked for combined capacity. Axial force, bending in the X direction and Bending in the Y 

direction were taken from the Etabs Analysis and checked against member capacity. A sample 

of this calculation can be seen in Figure 26 below and full calculations can be found in Appendix 

A.  Any interaction capacity resulting in a value greater than one required redesign to carry the 

new loads. 

 

  

 

 

 

 

 

It was found that the columns failed at the base of many of the braced frames. These 

columns were upsized to account for this new load and reanalyzed for sufficiency. Columns at 

braced frames 7, 8, 9, 10, and 11 failed as shown in Figure 28.  A typical change is shown at 

braced frame seven.  The member in red indicates the over stressed original designation and 

the member label in black shows the adjusted size.  

 

Figure 26: Maximum force calculations for each of the four defined load cases 

Figure 27: Sample calculation used in determining column capacity at braced frames.  
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_  Initial Location of braced frame 

_ Adjusted Location 

Boxed members indicate 

column adjustments 

7 

13 

12 

11 

10 

9 

8 

Figure 28: (Above) Shifted Locations of braced frames. Figure 

29: (Below) Plan view of lateral system with inadequate 

frames shown in red. Figure 30: (Right) Typical braced frame 

with upsized columns to account for additional lateral load.  
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REDESIGHED TO:

A complete summary of column changes can be seen in Figure 30. In addition, extended 

calculations can be found in Appendix A.  
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Member Section Axial Load KL(in) KL(ft) 1.6P ɸPn

D32 HSS8x8x.375 -44.12 240 20 -70.592 431

D33 HSS8x8x.376 66.04 308.914 25.74283 105.664 151

D34 HSS8x8x.377 -40.67 273.805 22.81708 -65.072 431

D35 HSS8x8x.378 41.94 282.136 23.51133 67.104 134

D36 HSS8x8x.379 -21.21 399.891 33.32425 -33.936 431

D37 HSS8x8x.380 20.98 396.011 33.00092 33.568 73.8

D14 HSS8x8x.375 -56.64 247.386 20.6155 -90.624 431

D15 HSS8x8x.376 76.67 343.641 28.63675 122.672 105

D16 HSS8x8x.377 -36.61 390.427 32.53558 -58.576 431

D17 HSS8x8x.378 41.08 436.807 36.40058 65.728 65.9

D18 HSS8x8x.379 43.49 297.692 24.80767 69.584 128

D19 HSS8x8x.380 -43.57 297.692 24.80767 -69.712 431

Bracing Member Checks

A similar analysis was performed as a check for bracing members to confirm axial 

capacity. All members were HSS8x8x3/16 except for braced frames 12 and 13 which utilized 

HSS12x8x3/16 shapes. A comparison showed that all tension members adequately carried their 

adjusted loads but the compression members fell just short at multiple locations at the 

concourse and club levels. Rather than resize each member individually, it was decided to 

upsize HSS8x8x3/16 braces to HSS8x8x1/4 members at the club and concourse level for braced 

frames 7, 8, 9, 10 & 11. A sample calculation can be seen in Figure 31 as well as complete 

analysis in Appendix A.   

 

 

 

 

 

 

 

 

 

Once all members were redesigned to carry the lateral loads, the model was updated 

and run once again to verify period and drift requirements. The new system was found to be 

adequate for supporting lateral loads. The results can be seen below in figure 32.   

 

 

 

 

 

 

Figure 32: Sample calculations used to determine adequacy of existing braced members.   



 FINAL THESIS REPORT | h a l e y  m c c l e r n o n   

 

APRIL  4 ,  2 012  |  COM PT ON FA MIL Y I CE  ARENA |  SOU TH BEND,  IN DIAN A  51 

 

 

 

 

 

**Wind was found to be controlling in technical report three and the same held true for 

the new building design. An adjusted building weight was calculated though to account for the 

new design and incorporated into the seismic analysis. These calculations can be found in 

Appendix A.   

 

 

 

 

 

 

 

 

 

 

Story Height (in) Story Drift Ratio Story Drift

Concourse 192 0.000274 0.052608 0.48

Club 392 0.000256 0.100352 0.98

Roof 740 0.000196 0.14504 1.85

Displacement (in)
Floor

Wind Story Displacement E-W Direction

Allowable 

Displacement (in)

Story Height(in) Story Drift Ratio Story Drift

Concourse 192 0.000712 0.136704 0.48

Club 392 0.000769 0.301448 0.98

Roof 740 0.000779 0.57646 1.85

Floor
Displacement (in) Allowable 

Displacement (in)

Wind Story DisplacementN-S Direction

Figure 33: Wind Story Displacements taken from ETABS analysis.  
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Structural Member Quantity Weight/ft. (PLF) Length (ft) Total Weight (lb) Total Weight (tons) Cost/ft. Cost

S151 W12x14 30 14 13 5460 2.73 $25.21 $9,833.07

S151 W12x26 12 26 13 4056 2.028 $41.06 $6,405.36

S151 W12x26 6 26 17.417 2717.052 1.358526 $41.06 $4,290.85

S151 W21x44 4 44 25.583 4502.608 2.251304 $65.86 $6,739.59

S151 W12x26 4 26 25.583 2660.632 1.330316 $41.06 $4,201.75

S151 W18x40 3 40 38.667 4640.04 2.32002 $61.15 $7,093.46

S151 W24x55 3 55 38.667 6380.055 3.1900275 $80.03 $9,283.56

S151 W18x35 3 35 36 3780 1.89 $54.65 $5,902.20

S151 W24x55 3 55 36 5940 2.97 $80.03 $8,643.24

S151 W12x14 1 14 14.75 206.5 0.10325 $25.21 $371.85

S151 W16x26 1 26 24.833 645.658 0.322829 $40.27 $1,000.02

S151 L4x4x3/8 12 15.647 $40.80 $7,660.77

S151 W24x55 1 55 38.417 2112.935 1.0564675 $80.03 $3,074.51

S152 W24x55 1 55 38.417 2112.935 1.0564675 $80.03 $3,074.51

S152 W16x26 1 26 24.833 645.658 0.322829 $40.27 $1,000.02

S152 W12x14 1 14 14.75 206.5 0.10325 $25.21 $371.85

S152 W12x14 30 14 13 5460 2.73 $25.21 $9,831.90

S152 W12x26 12 26 13 4056 2.028 $41.06 $6,405.36

S152 W12x26 5 26 17.417 2264.21 1.132105 $41.06 $3,575.71

S152 W21x44 3 44 25.583 3376.956 1.688478 $65.86 $5,054.69

S152 W12x26 2 26 25.583 1330.316 0.665158 $41.06 $2,100.88

S152 W18x40 2 40 38.667 3093.36 1.54668 $61.15 $4,728.97

S152 W24x55 3 55 38.667 6380.055 3.1900275 $80.03 $9,283.56

S152 W18x35 2 35 36 2520 1.26 $54.65 $3,934.80

S152 L4x4x3/8 12 15.647 $40.80 $7,660.77

S152 W24x55 3 55 36 5940 2.97 $80.03 $8,643.24

S153 W12x14 23 14 13 4186 2.093 $25.21 $7,537.79

S153 W12x26 13 26 13 4394 2.197 $41.06 $6,939.14

S153 W21x44 3 44 25.583 3376.956 1.688478 $65.86 $5,054.69

S153 W12x26 2 26 25.583 1330.316 0.665158 $41.06 $2,100.88

S153 W18x40 2 40 38.667 3093.36 1.54668 $61.15 $4,728.97

S153 W24x55 3 55 38.667 6380.055 3.1900275 $80.03 $9,283.56

S153 W18x35 4 35 36 5040 2.52 $54.65 $7,869.60

S153 L4x4x3/8 12 18.238 $40.80 $8,929.32

S153 W24x55 6 55 36 11880 5.94 $80.03 $17,286.48

S154 W12x14 23 14 13 4186 2.093 $25.21 $7,537.79

S154 W12x26 13 26 13 4394 2.197 $41.06 $6,939.14

S154 W12x26 2 26 25.583 1330.316 0.665158 $41.06 $2,100.88

S154 W21x44 4 44 25.583 4502.608 2.251304 $65.86 $6,739.59

S154 W18x40 3 40 38.667 4640.04 2.32002 $61.15 $7,093.46

S154 W24x55 3 55 38.667 6380.055 3.1900275 $80.03 $9,283.56

S154 W18x35 6 35 36 7560 3.78 $54.65 $11,804.40

S154 W24x55 6 55 36 11880 5.94 $80.03 $17,286.48

S154 L4x4x3/8 12 18.238 $40.80 $8,929.32 TOTAL $287,611.55

EXISTING STRUCTURE
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High Roof Framing System Take-Off & Cost Estimate

COST COMPARISON 

As an economy comparison between the existing and re-designed roof structure, steel take-offs were taken from 

both high roof framing plans and priced based on the RS Means Cost Works.  
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S307 - V W8x35 2 35 8.333 583.31 0.291655 $56.98 $949.63

S307 - V W8x35 2 35 11.177 782.39 0.391195 $56.98 $1,273.73

S307 - V W8x35 2 35 13.167 921.69 0.460845 $56.98 $1,500.51

S307 - V W8x35 2 35 14.375 1006.25 0.503125 $56.98 $1,638.18

S307 - V W8x35 1 35 14.771 516.985 0.2584925 $56.98 $841.65

S307 - D W8x35 2 35 13.792 965.44 0.48272 $56.98 $1,571.74

S307 - D W8x35 2 35 15.417 1079.19 0.539595 $56.98 $1,756.92

S307 - D W8x35 2 35 17.146 1200.22 0.60011 $56.98 $1,953.96

S307 - D W8x35 2 35 18.51 1295.7 0.64785 $56.98 $2,109.40

S307 - D W8x35 2 35 19.375 1356.25 0.678125 $56.98 $2,207.98

S307 - T W14x145 1 145 159.708 23157.66 11.57883 $201.50 $32,181.16

S307 - B W14x120 2 120 45.5 10920 5.46 $167.99 $15,287.09

S307 - B W14x120 1 120 65 7800 3.9 $167.99 $10,919.35 PER TRUSS $74,191.29

QUANTITY 7

TOTAL $519,339.03
S306 - V W8x35 2 35 8.333 583.31 0.291655 $56.98 $949.63

S306 - V W8x35 2 35 11.177 782.39 0.391195 $56.98 $1,273.73

S306 - V W8x35 2 35 13.167 921.69 0.460845 $56.98 $1,500.51

S306 - V W8x35 2 35 14.375 1006.25 0.503125 $56.98 $1,638.18

S306 - V W8x35 1 35 14.771 516.985 0.2584925 $56.98 $841.65

S306 - D W8x35 2 35 13.792 965.44 0.48272 $56.98 $1,571.74

S306 - D W8x35 2 35 15.417 1079.19 0.539595 $56.98 $1,756.92

S306 - D W8x35 2 35 17.146 1200.22 0.60011 $56.98 $1,953.96

S306 - D W8x35 2 35 18.51 1295.7 0.64785 $56.98 $2,109.40

S306 - D W8x35 2 35 19.375 1356.25 0.678125 $56.98 $2,207.98

S306 - T W14x176 1 176 159.708 28108.608 14.054304 $243.05 $38,817.03

S306 - B W36x210 2 210 45.5 19110 9.555 $285.85 $26,012.35

S306 - B W36x210 1 210 65 13650 6.825 $285.85 $18,580.25 PER TRUSS $99,213.32

QUANTITY 1

TOTAL $99,213.32

TOTAL WEIGHT (TONS) 298.356402 GRAND TOTAL $906,163.90
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Figure 34: High roof framing system take-off and analysis 
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Zone Structural Member Quantity Weight/ft(PLF) Length (ft) Total Weight (lb) Total Weight (tons) Cost/ft. Cost

S151 60DLH18 7 59 45.83 18929.17 9.46 $49.12 $15,759.33

S151 28LH13 4 30 40.50 4860 2.43 $23.90 $3,871.80

S151 44LH17 24 47 41.67 47000 23.5 $37.37 $37,370.00

S151 W24x84 6 84 38.67 19488 9.744 $119.23 $27,661.36

S151 W24x84 1 84 25.58 2149 1.0745 $119.23 $3,050.30

S151 W24x84 1 84 24.83 2086 1.043 $119.23 $2,960.88

S151 W24x84 1 84 38.42 3227 1.6135 $119.23 $4,580.42

S151 w18x35 3 35 16.67 1750 0.875 $54.65 $2,732.50

S152 60DLH18 7 59 45.83 18929.17 9.46 $49.12 $15,759.33

S152 28LH13 4 30 40.50 4860 2.43 $23.90 $3,871.80

S152 44LH17 24 47 41.67 47000 23.5 $37.37 $37,370.00

S152 W24x84 6 84 38.67 19488 9.744 $119.23 $27,661.36

S152 W24x84 1 84 25.58 2149 1.0745 $119.23 $3,050.30

S152 W24x84 1 84 24.83 2086 1.043 $119.23 $2,960.88

S152 W24x84 1 84 38.42 3227 1.6135 $119.23 $4,580.42

S152 W18x35 3 35 16.67 1750 0.875 $54.65 $2,732.50

S153 60DLH18 7 59 45.83 18929.17 9.46 $49.12 $15,759.33

S153 28LH13 4 30 40.50 4860 2.43 $23.90 $3,871.80

S153 44LH17 24 47 41.67 47000 23.5 $37.37 $37,370.00

S153 W24x84 6 84 38.67 19488 9.744 $119.23 $27,661.36

S153 W24x84 1 84 25.58 2149 1.0745 $119.23 $3,050.30

S153 W24x84 1 84 24.83 2086 1.043 $119.23 $2,960.88

S153 W24x84 1 84 38.42 3227 1.6135 $119.23 $4,580.42

S153 w18x35 3 35 16.67 1750 0.875 $54.65 $2,732.50

S154 60DLH18 7 59 45.83 18929.17 9.46 $49.12 $15,759.33

S154 28LH13 4 30 40.50 4860 2.43 $23.90 $3,871.80

S154 44LH17 24 47 41.67 47000 23.5 $37.37 $37,370.00

S154 W24x84 6 84 38.67 19488 9.744 $119.23 $27,661.36

S154 W24x84 1 84 25.58 2149 1.0745 $119.23 $3,050.30

S154 W24x84 1 84 24.83 2086 1.043 $119.23 $2,960.88

S154 W24x84 1 84 38.42 3227 1.6135 $119.23 $4,580.42

S154 W18x35 3 35 16.67 1750 0.875 $54.65 $2,732.50 $391,946.37
D 2L2-1/2X2-1/2X1/2 4 7.7 25.7 791.56 0.39578 10.66$    $1,095.85

D 2L2X2X3/8 4 4.7 30.2 567.76 0.28388 10.66$    $1,287.73

D 2L6X6X5/8 9 24.2 24 5227.2 2.6136 16.86$    $3,641.76

D w14x109 2 90 110 19800 9.9 $127.78 $28,111.60 $34,136.94

2

` $68,273.87
C 2L2-1/2X2-1/2X1/2 2 3.9 24.43 190.554 0.095277 10.66$    $520.85

C 2L2-1/2X2-1/2X1/2 2 3.9 33.18 258.804 0.129402 10.66$    $707.40

C 2L2X2X3/8 2 3.9 30.2 235.56 0.11778 10.66$    $643.86

C 2L6x6x1/2 4 19.6 24 1881.6 0.9408 16.86$    $1,618.56

C 2L5x5x5/8 3 20 24 1440 0.72 16.86$    $1,213.92

C W14x109 2 84 91.67 15400.56 7.70028 $127.78 $23,427.19 $28,131.77

2

$56,263.55

PROPOSED STRUCTURE

PER TRUSS
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TOTAL

Truss D
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B 2L3-1/2X2-1/2-1/2 2 9.8 25.7 503.72 0.25186 10.66$    $547.92

B 2L3-1/2X2-1/2-1/2 2 9.8 32.7 640.92 0.32046 10.66$    $697.16

B 2L2-1/2X2X3/8 2 9.8 32.7 640.92 0.32046 10.66$    $697.16

B 2L2X2X3/8 2 2.4 32.7 156.96 0.07848 10.66$    $697.16

B 2L4X3X5/8 4 11.1 25.7 1141.08 0.57054 10.66$    $1,095.85

B 2L6X6X1 6 37.4 24 5385.6 2.6928 16.86$    $2,427.84

B 2L6X6X1/2 3 19.6 24 1411.2 0.7056 16.86$    $1,213.92

B 2L8X8X1/2 4 26.4 24 2534.4 1.2672 16.86$    $1,618.56

B W14x211 2 146 188 54896 27.448 $195.78 $73,613.28 $82,608.86

2

$165,217.73
A 2L4x4x3/4 2 18.5 24.43 903.91 0.451955 10.66$    $520.85

A 2L4x4x3/4 2 18.5 27.66 1023.42 0.51171 10.66$    $589.71

A 2L4x4x3/4 2 18.5 32.67 1208.79 0.604395 10.66$    $696.52

A 2L2-1/2X2-1/2X1/2 2 9.8 32.67 640.332 0.320166 10.66$    $696.52

A 2L2-1/2X1-1/2X1/4 2 9.8 32.67 640.332 0.320166 10.66$    $696.52

A 2L6X6X1/2 3 19.6 24 1411.2 0.7056 16.86$    $1,213.92

A 2L8X8X1/2 8 26.4 24 5068.8 2.5344 16.86$    $3,237.12

A W14x211 2 217 169.67 73636.78 36.81839 $195.78 $66,435.99 $74,087.16

2

$74,087.16
W14X145 4 145 9.167 5316.86 2.65843 $188.55 $6,913.75

W14X22 16 22 9.167 3226.784 1.613392 $81.59 $11,966.97

W14X26 4 26 9.167 953.368 0.476684 $81.59 $2,991.74

W14X68 4 68 9.167 2493.424 1.246712 $111.65 $4,093.98

W14X61 6 61 9.167 3355.122 1.677561 $98.30 $5,406.70

2L8X8X1X3/8 12 32.7 23.9 9378.36 4.68918 $16.86 $4,835.45

2L8X8X1X3/8 8 32.7 12.9 3374.64 1.68732 $16.86 $1,739.95

2L8X4X1/2X3/8 8 28.4 20.4 4634.88 2.31744 $16.86 $2,751.55 $40,700.09
2L5X5X5/16X3/4 24 16.2 9.167 3564.1296 1.7820648 $16.86 $3,709.33

2L5X5X5/16X3/4 16 16.2 23.9 6194.88 3.09744 $16.86 $6,447.26

2L5X5X5/16X3/4 4 16.2 28.9 1872.72 0.93636 $16.86 $1,949.02

2L5X5X5/16X3/4 4 16.2 20.42 1323.216 0.661608 $16.86 $1,377.12

2L5X5X5/16X3/4 4 16.2 12.9 835.92 0.41796 $16.86 $869.98 $55,052.81

2L4x4x3/4 2 18.5 24.43 903.91 0.451955 10.66$    $520.85

2L4x4x3/4 2 18.5 27.66 1023.42 0.51171 10.66$    $589.71

2L4x4x3/4 2 18.5 32.67 1208.79 0.604395 10.66$    $696.52

2L2-1/2X2-1/2X1/2 2 9.8 32.67 640.332 0.320166 10.66$    $696.52

2L2-1/2X1-1/2X1/4 2 9.8 32.67 640.332 0.320166 10.66$    $696.52

2L6X6X1/2 3 19.6 24 1411.2 0.7056 16.86$    $1,213.92

2L8X8X1/2 8 26.4 24 5068.8 2.5344 16.86$    $3,237.12

W27x217 2 217 149.42 64848.28 32.42414 $127.78 $38,185.78 $45,836.95

4

$183,347.79

Total Weight (lb) 358.93 Tons $979,836.55

TOTAL

GRAND TOTAL*INCLUDES OVERHEAD & PROFIT IN ESTIMATE
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Figure 35: Proposed high roof framing system take-off and analysis 
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ARCHITECTURAL BREADTH 

In the redesign of the structural roof concept, a number of changes took place that require 

architectural iterations in order to maintain the functions of the building. Of primary concern is 

the new presence of the super columns at the corners of the seating bowl. As designed, the 

columns have minimal interference with the structure of the building but do in fact alter 

important aesthetics. In the case of the bowl seating, seats had to be removed at the corner 

section of the club level seating to make room for the columns thus impacting the calculated 

capacity of the arena.  

While cost considerations for game day revenue would be an issue if seats were not relocated, 

the primary issue is the type of seating in obstructed locations. The corner spaces of the club 

level housed a majority of the handicap seating in the arena, a category regulated by code not 

revenue.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36: (Right) Table top roof structure 

superimposed over existing architectural 

drawing at club level. Images scaled and 

aligned for exact location. 
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Locoation Typical Seat Handicap Seat

Northeast Corner 16 2

South East Corner 17 3

South West Corner 21 3

North West Corner 21 3

TOTAL 75 11

Figure 38: IBC Regulation for handicap seating. IBC Table 1108.2.2.1 

A worst case scenario has been assumed in seating loss and cumulative seat losses can be seen 

in figure 36 below. A total of seventy five seats in addition to eleven handicap seats were  

 

 

displaced by the super columns. According to the 2006 International Building Code, the total 

required number of handicap seats is “6 plus one for each 150 between 500-5000.” This 

cumulates to a code requirement of 30 handicap seats throughout the arena. With 45 handicap 

seats on the concourse level and an additional six remaining on the club level, the arena still 

complies with the code even in the absence of the 11 displaced seats. A visual comparison of 

the existing vs. proposed arena can be found on the next page in figures 37 & 38.  

 

 

 

 

 

 

 

 

 

 

 

Figure 37: Largest possible area effected by super columns. Table 36: Seating loss totals broken down by section.  
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EXISTING LONG SPAN ROOF TRUSS SYSTEM 

      TABLE TOP TRUSS SYSTEM 

Figure 39: (ABOVE) Interior rendering with adjusted table top truss in place. 

Figure 40: (BELOW) Interior rendering showing existing roof structure 



 FINAL THESIS REPORT | h a l e y  m c c l e r n o n   

 

APRIL  4 ,  2 012  |  COM PT ON FA MIL Y I CE  ARENA |  SOU TH BEND,  IN DIAN A  59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41: Aerial Rending displaying adjusted roof shape Figure  

Figure 42: Aerial view of existing roof structure 
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CONSTRUCTION MANAGEMENT BREADTH 

The construction of the table top truss system differs from that of the conventional long span 

truss and requires a specialized erection procedure. The suggested method is to first erect the 

legs of the table top truss. Each leg would rest on its respective corner column and a shoring 

tower at the location of the connection. Once in place, the sides of the rectangular interior 

could be placed one by one. The introduction of the shoring towers would obviously add cost to 

the procedure but in looking into the existing construction sequence it seems that the trade is 

nominal.  

The current erection called for two cranes on site during the erection of the trusses. With the 

shoring towers in place, one crane would be capable of making each pick with a guide line.  

Given the existing schedule with a truss erection period of 68 days (See schedule below), the 

comparative cost breakdown shows savings in the alternate approach.  

 

 

 

 
Figure 43: Typical Truss Erection Schedule 
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Crane Quantity Cost per Day # Days Total Cost

25 Ton 2 $1,650.00 68 $224,400.00

Existing

Truss Weight: 25.79 Tons

Crane Quantity Cost per Day # Days Total Cost

40 Ton 1 $1,900.00 68 $129,200.00

Equipment Quantity/Tower # of Towers Cost

Tower 5'x7'x10' 1 4 $1,500.00 $6,000.00

5' added sections 6 4 $228.00 $5,472.00

TOTAL: $140,672.00

Table Top Truss

Truss Weights: 33.66Tons

Shoring

Truss Height:37'

 

 

 

 

 

 

 

 

 

 

 

 

**See Appendix F for CostWorks References 

 

 

 

 

 

 

 

 

 

Figure 44: Cost Breakdown taken From RS Means Building Construction Cost Data 
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CONCLUSION 

Analysis and design led to the effective implementation of the table top truss system in 

the Compton Family Ice Arena. Working in conjunction with the existing structure, the new 

design was able to fit nearly seamlessly into the layout of the building without disrupting critical 

structural elements. It was able to adopt the existing lateral load resisting system comprised of 

braced frames with only minimal changes and in the end lead to a comprehensive and effective 

design.  

In addition, the system coordination and comprehensive design established by the table 

top truss allowed for increased functionality in the building and ease of management. The 

architectural impacts brought a positive and dramatic presence to the interior space while 

remaining minimally invasive to the seating capacity requirements of the space.  

As prefaced in the introduction though, the primary focus of the system was to 

effectively shorten spans as to recover economic value on the system. While the spans were in 

fact shortened by nearly 60’, the cost analysis shows that the table top truss system is still a 

more expensive alternative to the traditional long span trusses in the existing structure. It is 

believed by the author of this report that further iteration could be made in reducing costs, 

primarily by adjusting the depth and dimensions of the box trussing, but for all intents and 

purposes it has been concluded that the Compton Family Ice Arena is comparatively too small 

to benefit from a system like this. The capacity of the system in comparison to the load demand 

suggests that the strength of the table top truss exceeds the needs of this space thus adding 

cost to an underutilized system.   
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APPENDIX A 

WIND LOAD CALCULATIONS 
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Description North-South Wind East-West Wind

L/B 0.533 1.875

Windward Walls 0.8 0.8

Leeward Walls -0.5 -0.3125

Side Walls -0.7 -0.7

h/L 0.2327 0.124

Roof: 0-h/2 -0.852 -1.3

Roof: h/2-h -0.852 -0.7

Roof: h-2h -0.479 -0.7

Roof: >2h -0.292 -0.7

External pressure Coefficient(Cp)

Level Elevation Kz qz

Event Level 0 0.85 17.23

Concourse Level 16 0.89 18.04

Club Level 32.67 0.996 20.19

Roof Level 61.67 1.08 21.89

Velocity Pressure Coeficients(Kz) and Velocity Pressure(qz)

Design Wind Speed 90 mph ASCE7-05, Fig6-1C

Directionality Factor 0.85 ASCE7-05, Fig6-4

Importance Factor 1.15 ASCE7-05, Tbl.6-1

Exposure Category C ASCE7-05,Sec. 6.5.6.3

Topographic Factor 1 ASCE7-05, Sec. 6.5.7.1

Internal Pressure Coefficient 0.18 ASCE7-05, Fig6-5

General Wind Load Design Criteria
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SEISMIC CALCULATIONS 
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**Adjusted building weight for new roof weight 
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Quantity Weight/ft(PLF) Length (ft) Total Weight (lb) Total Weight (tons)

7 59 45.83 18929.17 9.46

4 30 40.50 4860 2.43

24 47 41.67 47000 23.5

6 84 38.67 19488 9.744

1 84 25.58 2149 1.0745

1 84 24.83 2086 1.043

1 84 38.42 3227 1.6135

3 35 16.67 1750 0.875

7 59 45.83 18929.17 9.46

4 30 40.50 4860 2.43

24 47 41.67 47000 23.5

6 84 38.67 19488 9.744

1 84 25.58 2149 1.0745

1 84 24.83 2086 1.043

1 84 38.42 3227 1.6135

3 35 16.67 1750 0.875

7 59 45.83 18929.17 9.46

4 30 40.50 4860 2.43

24 47 41.67 47000 23.5

6 84 38.67 19488 9.744

1 84 25.58 2149 1.0745

1 84 24.83 2086 1.043

1 84 38.42 3227 1.6135

3 35 16.67 1750 0.875

7 59 45.83 18929.17 9.46

4 30 40.50 4860 2.43

24 47 41.67 47000 23.5

6 84 38.67 19488 9.744

1 84 25.58 2149 1.0745

1 84 24.83 2086 1.043

1 84 38.42 3227 1.6135

3 35 16.67 1750 0.875

4 7.7 25.7 791.56 0.39578

4 4.7 30.2 567.76 0.28388

9 24.2 24 5227.2 2.6136

2 90 110 19800 9.9

TOTAL 212.17

New Roof Loads
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Section Level KL P bx by P Mx My Capacity Check

w10x45 1(J) 16 3.27 5.19 11.70 57.15 2.82 74.31 0.94

w10x45 2 16 3.27 5.19 11.70 20.76 0.54 11.04 0.16

w10x45 3 29 10.70 7.82 11.70 0.14 0.12 17.40 0.22

w10x45 1(H) 16 3.27 5.19 11.70 57.23 3.89 82.73 1.05

w10x45 2 16 3.27 5.19 11.70 20.83 0.62 12.36 0.17

w10x45 3 29 10.70 7.82 11.70 0.15 0.19 19.11 0.24

w10x45 1(X) 16 3.27 5.19 11.70 71.25 1.91 88.49 1.12

w10x45 2 16 3.27 5.19 11.70 33.14 0.26 54.69 0.68

w10x45 3 29 10.70 7.82 11.70 0.09 0.07 24.37 0.30

w10x45 1(T) 16 3.27 5.19 11.70 70.13 1.14 72.40 0.93

w10x45 2 16 3.27 5.19 11.70 33.07 0.27 23.19 0.31

w10x45 3 29 10.70 7.82 11.70 0.18 0.00 26.89 0.33

w10x33 1 16 4.68 7.89 16.90 67.56 1.63 56.09 1.03

w10x33 2 16 4.68 7.89 16.90 36.44 0.31 16.01 0.31

w10x33 3 29 15.70 14.50 16.90 13.86 0.09 9.22 0.19

w10x33 1 16 4.68 7.89 16.90 67.56 1.17 54.68 1.01

w10x33 2 16 4.68 7.89 16.90 36.49 0.41 15.47 0.31

w10x33 3 29 15.70 14.50 16.90 13.85 0.01 10.32 0.20

w10x33 1(J) 16 4.68 7.89 16.90 84.03 1.03 74.03 1.35

w10x33 2 16 4.68 7.89 16.90 48.39 -0.34 21.37 0.41

w10x33 3 29 15.70 14.50 16.90 18.51 0.05 12.76 0.25

w10x33 1(F) 16 4.68 7.89 16.90 89.77 1.56 73.47 1.35

w10x33 2 16 4.68 7.89 16.90 48.42 -0.21 20.73 0.40

w10x33 3 29 15.70 14.50 16.90 18.49 0.13 13.28 0.26

w10x33 1(Y) 16 4.68 7.89 16.90 66.50 1.08 56.44 1.03

w10x33 2 16 4.68 7.89 16.90 35.59 0.21 17.93 0.34

w10x33 3 29 15.70 14.50 16.90 13.57 0.06 9.55 0.19

w10x33 1(V) 16 4.68 7.89 16.90 89.42 0.94 75.89 1.38

w10x33 2 16 4.68 7.89 16.90 47.56 0.31 24.84 0.47

w10x33 3 29 15.70 14.50 16.90 18.20 0.01 12.40 0.24

w12x58 1 16 2.00 3.13 7.29 43.97 1.43 86.05 0.68

w12x58 2 16 2.00 3.13 7.29 19.04 0.28 40.72 0.32

w12x58 3 29 5.34 4.36 7.29 0.08 0.01 13.52 0.10

W10x49 1 16 2.43 4.43 8.38 2.90 1.78 59.29 0.51

W10x49 2 16 2.43 4.43 8.38 5.26 0.21 45.95 0.39

W10x49 3 29 6.16 5.96 8.38 0.07 0.02 12.83 0.11

w10x33 1 16 4.68 7.89 16.90 37.80 1.02 36.83 0.67

w10x33 2 16 4.68 7.89 16.90 13.57 0.09 12.23 0.23

w10x33 3 29 15.70 14.50 16.90 0.04 0.01 2.88 0.06

W10x45 1(19) 16 3.27 5.19 11.70 36.16 12.77 34.13 0.51

W10x45 2 16 3.27 5.19 11.70 15.85 1.92 12.41 0.17

W10x45 3 29 10.70 7.82 11.70 0.05 0.20 7.18 0.10

W10x45 1(21) 16 3.27 5.19 11.70 0.09 13.40 42.04 0.56

W10x45 2 16 3.27 5.19 11.70 0.53 1.53 32.17 0.39

W10x45 3 29 10.70 7.82 11.70 0.02 0.14 12.36 0.16

W10x45 1(22) 16 3.27 5.19 11.70 36.15 13.50 34.30 0.51

W10x45 2 16 3.27 5.19 11.70 16.39 2.00 13.12 0.18

W10x45 3 29 10.70 7.82 11.70 0.04 0.28 8.05 0.11

Lateral Column Checks

B
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BRACED FRAME CHECKS 
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Member Section Axial Load KL(in) KL(ft) 1.6P ɸPn

D20R HSS8x8x.375 21.45 367.462 30.62183 34.32 153

D20CL HSS8x8x.376 41.86 232.215 19.35125 66.976 298

D20CO HSS8x8x.377 66.01 225.362 18.78017 105.616 310

D21R HSS8x8x.378 -21.43 367.462 30.62183 -34.288 431

D21CL HSS8x8x.379 -41.77 232.215 19.35125 -66.832 431

D21CO HSS8x8x.380 -65.91 225.362 18.78017 -105.456 431

D22R HSS8x8x.375 21.45 367.462 30.62183 34.32 153

D22CL HSS8x8x.376 41.86 232.215 19.35125 66.976 298

D22CO HSS8x8x.377 66.01 225.362 18.78017 105.616 310

D23R HSS8x8x.378 -21.43 367.462 30.62183 -34.288 431

D23CL HSS8x8x.379 -41.77 232.215 19.35125 -66.832 431

D23CO HSS8x8x.380 -65.91 225.362 18.78017 -105.456 431

D32 HSS8x8x.375 -44.12 240 20 -70.592 431

D33 HSS8x8x.376 66.04 308.914 25.74283 105.664 151

D34 HSS8x8x.377 -40.67 273.805 22.81708 -65.072 431

D35 HSS8x8x.378 41.94 282.136 23.51133 67.104 134

D36 HSS8x8x.379 -21.21 399.891 33.32425 -33.936 431

D37 HSS8x8x.380 20.98 396.011 33.00092 33.568 73.8

D14 HSS8x8x.375 -56.64 247.386 20.6155 -90.624 431

D15 HSS8x8x.376 76.67 343.641 28.63675 122.672 105

D16 HSS8x8x.377 -36.61 390.427 32.53558 -58.576 431

D17 HSS8x8x.378 41.08 436.807 36.40058 65.728 65.9

D18 HSS8x8x.379 43.49 297.692 24.80767 69.584 128

D19 HSS8x8x.380 -43.57 297.692 24.80767 -69.712 431

Bracing Member Checks
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APPENDIX B 

TRUSS A CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

15 293.21 24.43 -233.14 2l4x4x3/4 353.00

16 331.92 27.66 -261.04 2l4x4x3/4 353.00

17 392.05 32.67 -274.30 2l4x4x3/4 353.00

18 392.05 32.67 -104.14 2L2-1/2X2-1/2X1/2 146.00

19 392.05 32.67 -34.71 2L2-1/2X1-1/2X1/4 60.00

20 392.05 32.67 -34.71 2L2-1/2X1-1/2X1/4 60.00

21 392.05 32.67 -104.14 2L2-1/2X2-1/2X1/2 146.00

22 392.05 32.67 -274.30 2l4x4x3/4 353.00

23 331.92 27.66 -261.04 2l4x4x3/4 353.00

24 293.21 24.43 -233.14 2l4x4x3/4 353.00

Member Forces (Tensile)

Chord
 M

em
be

rs

34 55 4.58 0.00

35 165 13.75 -43.73

36 266 22.17 -173.50

37 266 22.17 -359.61

38 266 22.17 -430.26

39 266 22.17 -430.26

40 266 22.17 -359.61

41 266 22.17 -173.50

42 165 13.75 -43.73

43 55 4.58 0.00

Chord
 M

em
be

rs

Member Length Length (ft) Axial(K) Minimum 2L Shape Axial Capacity

4 288 24.00 229.62 2L8X8X1/2 241

5 288 24.00 229.62 2L8X8X1/2 241

6 288 24.00 229.00 2L8X8X1/2 241

7 288 24.00 226.50 2L8X8X1/2 241

8 288 24.00 201.50 2L8X8X1/2 241

9 288 24.00 76.50 2L6X6X1/2 108

10 288 24.00 51.00 2L6X6X1/2 108

11 288 24.00 76.50 2L6X6X1/2 108

12 288 24.00 201.50 2L8X8X1/2 241

13 288 24.00 226.50 2L8X8X1/2 241

14 288 24.00 229.00 2L8X8X1/2 241

Member Forces (Compressive)

Chord
 M

em
be

rs

26 266 22.17 359.61

27 266 22.17 430.26

28 266 22.17 453.81

29 266 22.17 453.81

30 266 22.17 430.26

31 266 22.17 359.61

32 165 13.75 173.50

33 55 4.58 43.73

24A 55 4.58 43.73

25A 165 13.75 173.50

Chord
 M

em
be

rs

Joint U1 (in) U2(in) U3(in)

1 0.00 0.00 0.00

2 0.44 0.00 -0.10

11 0.19 0.00 -3.62

12 0.19 0.00 -3.64

21 0.37 0.00 0.00

22 -0.07 0.00 -0.10

23 0.44 0.00 -0.60

24 0.00 0.00 -0.50

25 0.42 0.00 -1.31

26 0.01 0.00 -1.21

27 0.35 0.00 -2.26

28 0.04 0.00 -2.17

29 0.27 0.00 -3.05

30 0.11 0.00 -3.00

31 0.10 0.00 -3.05

32 0.27 0.00 -3.02

33 0.02 0.00 -2.27

34 0.34 0.00 -2.18

35 -0.05 0.00 -1.32

36 0.37 0.00 -1.21

37 -0.07 0.00 -0.60

38 0.37 0.00 -0.50

TABLE:  Joint Displacements
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TRUSS B CALCULATIONS 

 

 

 

 

 

 

 

Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

38 308.29 25.69 -218.21 2L4X3X5/8 252.00

37 308.29 25.69 -204.83 2L4X3X5/8 252.00

36 308.29 25.69 -170.04 2L3-1/2X2-1/2-1/2 178

35 392.05 32.67 -162.33 2L3-1/2X2-1/2-1/2 178

34 392.05 32.67 -97.40 2L2-1/2X2X3/8 100.00

33 392.05 32.67 -32.47 2L2X2X3/8 88.1

32 392.05 32.67 -32.47 2L2X2X3/8 88.1

31 392.05 32.67 -97.40 2L2-1/2X2X3/8 100.00

30 392.05 32.67 -162.33 2L3-1/2X2-1/2-1/2 178

29 308.29 25.69 -170.04 2L3-1/2X2-1/2-1/2 178

28 308.29 25.69 -204.83 2L4X3X5/8 252.00

27 308.29 25.69 -218.21 2L4X3X5/8 252.00

Member Forces (Tensile)

Chord
 M

em
be

rs

12 110.00 9.17 0.00

11 110.00 9.17 -77.86

10 110.00 9.17 -150.94

9 266.00 22.17 -211.62

8 266.00 22.17 -321.76

7 266.00 22.17 -387.84

6 266.00 22.17 -387.84

5 266.00 22.17 -321.76

4 266.00 22.17 -211.62

3 110.00 9.17 -150.94

2 110.00 9.17 -77.86

1 110.00 9.17 0.00

Chord
 M

em
be

rs

Joint X Y Z

1 0 0 0

13 0.44 0.00 -3.75

14 0.44 0.00 -3.78

25 0.88 0.00 0.00

28 0.27 0.00 -3.38

31 0.13 0.00 -2.69

34 0.04 0.00 -1.78

37 0.01 0.00 -1.20

40 0.00 0.00 -0.60

43 0.61 0.00 -3.38

46 0.74 0.00 -2.69

49 0.84 0.00 -1.78

52 0.86 0.00 -1.20

55 0.88 0.00 -0.60

344 0.53 0.00 -3.43

387 0.75 0.00 -0.12

390 0.12 0.00 -0.12

391 0.34 0.00 -3.43

392 0.25 0.00 -2.76

393 0.17 0.00 -1.86

394 0.15 0.00 -1.31

395 0.13 0.00 -0.72

396 0.75 0.00 -0.72

397 0.73 0.00 -1.31

398 0.71 0.00 -1.86

399 0.63 0.00 -2.76

400 0.54 0.00 -3.43

TABLE:  Joint Displacements
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Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

13 288 24.00 209.55 2L8X8X1/2 241

14 288 24.00 209.55 2L8X8X1/2 241

Member Forces (Compressive)

Chord
 M

em
be

rs

15 110 9.17 77.86

16 110 9.17 150.94

17 110 9.17 211.62

18 266 22.17 321.76

19 266 22.17 387.84

20 266 22.17 409.87

21 266 22.17 409.87

22 266 22.17 387.84

23 266 22.17 321.76

24 110 9.17 211.62

Chord
 M

em
be

rs

25 110 9.17 150.94

26 110 9.17 77.86

39 288 24.00 203.85 2L8X8X1/2 241

40 288 24.00 191.35 2L6X6X1 193

41 288 24.00 158.85 2L6X6X1 193

42 288 24.00 119.25 2L6X6X1 193

43 288 24.00 71.55 2L6X6X1/2 108

44 288 24.00 47.70 2L6X6X1/2 108

45 288 24.00 71.55 2L6X6X1/2 108

46 288 24.00 119.25 2L6X6X1 193

47 288 24.00 158.85 2L6X6X1 193

48 288 24.00 191.35 2L6X6X1 193

49 288 24.00 203.85 2L8X8X1/2 241

Chord
 M

em
be

rs
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TRUSS C CALCULATIONS 

 

 

 

 

 

 

  

 

 

 

Joint X Y Z

1 0 0 0

2 -1.17E-14 0 -0.075895

3 2.332E-14 0 0

4 1.167E-14 0 -0.075895

5 0.369836 0 -1.120431

6 0.414979 0 -0.371635

7 -1.054E-14 0 -0.45108

8 1.167E-15 0 -0.371635

9 -4.694E-15 0 -1.182041

10 7.002E-15 0 -1.120431

11 4.655E-15 0 -1.182041

12 1.05E-14 0 -0.45108

186 -0.20749 0 -1.557879

196 -0.20749 0 -1.577476

TABLE:  Joint Displacements

Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

7 288 24.00 101.75 2L6X6X1/2 108

Chord
 M

em
be

rs

Member Forces (Compressive)

9 288 24.00 18.94

10 55 4.58 79.71

11 275 22.92 95.26

12 220 18.33 95.26

13 220 18.33 79.71

14 275 22.92 18.94

21 55 4.58 99.15 2L2-1/2X2-1/2X1/2 116

22 288 24.00 63.65 2L5X5X5/8 73.5

23 288 24.00 40.70 2L5X5X5/8 73.5

24 288 24.00 63.65 2L5X5X5/8 73.5

25 288 24.00 99.15 2L6X6X1/2 108

Chord
 M

em
be

rs

Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

Chord
 M

em
be

rs

Member Forces(Tensile)

1 55.00 4.58 0.00

2 275.00 22.92 -18.94

3 220.00 18.33 -79.71

4 220.00 18.33 -79.71

5 275.00 22.92 -18.94

6 55.00 4.58 0.00

15 293.21 24.43 -100.94 2L2-1/2X2-1/2X1/2 146

16 398.21 33.18 -88.01 2L2-1/2X2X3/8 100.00

17 362.41 30.20 -25.61 2L2X2X3/8 88.1

18 362.41 30.20 -25.61 2L2X2X3/8 88.1

19 398.21 33.18 -88.01 2L2-1/2X2X3/8 100.00

20 293.21 24.43 -100.94 2L2-1/2X2-1/2X1/2 146

Chord
 M

em
be

rs
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TRUSS D CALCULATIONS 

 

 

 

 

 

 

 

 

 

Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

1 288 24.00 119.36 2L6X6X5/8 131

10 288 24.00 119.36 2L6X6X5/8 131

Chord
 M

em
be

rs

Member Forces(Compressive)

11 110 9.17 43.38

12 110 9.17 82.33

13 220 18.33 131.72

14 220 18.33 148.18

15 220 18.33 148.18

16 220 18.33 131.72

17 110 9.17 82.33

18 110 9.17 43.38

19 288 24.00 113.58 2L6X6X5/8 131

20 288 24.00 101.98 2L6X6X5/8 131

21 288 24.00 64.65 2L5X5X5/8 73.5

22 288 24.00 43.10 2L5X5X5/8 73.5

23 288 24.00 64.65 2L5X5X5/8 73.5

24 288 24.00 101.98 2L6X6X5/8 131

25 288 24.00 113.58 2L6X6X5/8 131

Chord
 M

em
be

rs

Member Length(in) Length(ft) Axial(K) Minimum 2L Shape Axial Capacity

Chord
 M

em
be

rs

Member Forces(Tensile)

2 110.00 9.17 0.00

3 110.00 9.17 -43.38

4 220.00 18.33 -82.33

5 220.00 18.33 -131.72

6 220.00 18.33 -131.72

7 220.00 18.33 -82.33

8 110.00 9.17 -43.38

9 110.00 9.17 0.00

26 308.29 25.69 -121.58 2L2-1/2X2-1/2X1/2 146

27 308.29 25.69 -109.17 2L2-1/2X2-1/2X1/2 146

28 362.41 30.20 -81.35 2L2X2X3/8 88.1

29 362.41 30.20 -27.12 2L2X2X3/8 88.1

31 362.41 30.20 -81.35 2L2X2X3/8 88.1

32 308.29 25.69 -109.17 2L2-1/2X2-1/2X1/2 146

33 308.29 25.69 -121.58 2L2-1/2X2-1/2X1/2 146

33A 362.41 30.20 -27.12 2L2X2X3/8 88.1

Chord
 M

em
be

rs

Joint X Y Z

1 0 0 0

57 0.47 0.00 0.00

370 0.24 0.00 -1.80

371 0.24 0.00 -1.84

372 0.10 0.00 -1.47

376 0.00 0.00 -0.46

378 0.37 0.00 -1.47

382 0.47 0.00 -0.46

387 0.43 0.00 -0.08

413 0.04 0.00 -0.08

465 0.02 0.00 -0.91

466 0.45 0.00 -0.91

467 0.42 0.00 -0.54

468 0.40 0.00 -0.98

469 0.32 0.00 -1.53

470 0.15 0.00 -1.53

471 0.07 0.00 -0.99

472 0.05 0.00 -0.54

TABLE:  Joint Displacements
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APPENDIX C 

JOIST SELECTION 
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APPENDIX D 

TYPICAL FLOOR PLANS 
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APPENDIX E 
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APPENDIX F 
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