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Carnegie Steel’s “Information and Tables for Engineers and Designers”
dated January 1, 1926 is available online, but this edition pre dates the
catalogs that seem to have been referenced by the designer, and as a
result, the tables in the 1926 document do not include all of the shapes
that were indicated in the Beam Schedule. The next edition of the
reference manual (re titled as the “Carnegie Pocket Companion”) that
we found available online is datedMay 1, 1930, whichwould be after the
steel was produced. We do not know if other editions of Carnegie’s
manual exist between the 1926 and 1930 editions archived by AISC.

Interestingly, the 1930 edition is published with only Carnegie Steel
listed in the title block, but the next edition of the Pocket Companion
published in 1931 is a joint publication covering both Carnegie Steel and
Illinois Steel, see Figure 115 below.

After reviewing historical documentation and a thorough verification of
on site conditions, it is inconclusive as to where the primary structural
steel was manufactured. In summary:

1. It is unknown if the steel beams were produced:
a. By Carnegie Steel based on the sizes indicated in the beam

schedule;
b. By Illinois Steel using slightly different sizes that would have

been submitted during construction as proposed
substitutions for the Carnegie sizes;

c. By Illinois Steel using sizes matching the Carnegie sizes (this
option would be likely in 1931 or later, but we believe the
steel was produced in late 1929 or early 1930); or

d. By another steel supplier.
2. It is possible that the Carnegie sizes indicated in beam schedulemay

not be indicative of actual beam sizes that were produced for the
project. Slight variations (typically 5% or less) in actual design
properties for individual beams could exist for options (b) or (d)
above.

 

Figure 115: Reproduction from Pocket Companion
(American Institute of Steel Construction 1931)
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Based on this, absent any additional information (which could include
a search for records from the construction phase to see where the
steel came from) it is this team’s recommendation to rely on the 1929
Carnegie shape book as an engineering reference, in combinationwith
the 1930 Pocket Companion as needed for material properties and
other design information. If any proposedmodificationswould require
adding load to the existing beams, it is recommended that field
verification of the dimensions of those specific members be
conducted, to confirm the relevant design properties.

Sheet 15 of the circa 1929 drawings shows the construction of the
frames/trusses that support the roof as well as the first and second
balconies. The frames are spaced 32’ 5” apart, with a distance of 151’
10” between interior columns and 19’ 0” from interior column to
exterior column, for an overall frame width of 189’ 10”. The frame
elevations give design forces in pounds for all members of the frame,
and indicatewhether framemembers are in tension (T) or compression
(C).

Both Bethlehem and Carnegie steel options are indicated for the frame
members. Because the Bethlehem and Carnegie sizes have similar
dimensions, and no markings were found on these members on site,
we do not know where the columns were produced (may have been
Bethlehem, Carnegie, Illinois, or another producer, as previously
discussed.

In addition, the allowable stress value that was used for the steel
design does not appear to be directly stated anywhere on the
drawings. Fortunately, the 1927 Wisconsin Building Code includes a
section on Steel Construction, which indicates allowable unit stresses
of 18,000 pounds per square inch (psi) in bending, 15,000 psi for
columns in compression, and 12,000 psi for shear stress, see Figure 117.

 

Figure 116: Construction
(UW Archives c.1930)
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Figure 117: 1927 Wisconsin Building Code Requirements for Steel
(Industrial Commission of Wisconsin 1927)

The highlighted values in Figure 117 carried through unchanged in the
1931 edition of the code. Additionally, the tables in the 1930 Carnegie
“Pocket Companion” document, previously discussed, are based on
these allowable stress values.

The circa 1929 drawings do not appear to indicate the wind pressure
values used for design. However, it is assumed that a value of 20 psf
was used, based on a comment in the 1927 Wisconsin Building Code
indicating that “proper provision shall be made for stresses caused by
wind pressure of 20 pounds per square foot of exposed surface during
erection and after completion of the building” and a similar comment in
the 1931 edition which says that “every building shall be designed to
resist a horizontal wind pressure of 20 pounds per every square foot of
exposed surface, in addition to the dead loads and live loads” otherwise
required."  
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Figure 118: Framing Added 1991 1992 for Scoreboard
(Arnold & O’Sheridan Project 90359S 1992)

Scoreboard

The 1929 drawings do not indicate any scoreboard or other major
feature to be suspended from the center trusses, and we do not know
if there were any provisions in the original design or construction for a
scoreboard. Drawings dated 1991/1992 produced by Arnold &
O’Sheridan Consulting Engineers (A&O) were provided by UW
Athletics for reference, showing framing that was designed and
installed to accommodate what at that time was a “new” scoreboard.
In addition to the steel to support the scoreboard itself, the A&O plans
also included modifications to the truss members; see highlighted
members and inset detail in Figure 118. The circa 1991/1992 work also
included the addition of a platform to support a hoist; see the clouded
area between Grids A and B in Figure 118. In 2017, raSmith performed
a review of the circa 1991/1992 framing, to confirm it could
accommodate a replacement scoreboard. The hoist was also replaced
as part of the scoreboard upgrades.
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Althoughwe have access to a number of old A&Oproject files,wewere
not able to locate any calculations in those archives that indicate how
the existing trusses were analyzed to determine that the highlighted
members in Figure 118 required reinforcing. Most notably, the 1991
1992 drawings do not indicate what allowance was considered for
snow loads. However, based on a review of other A&O projects
completed around the same time, we are fairly confident that a 30 psf
snow load assumption was (still) being used. As previously noted, this
was a common assumption in the Madison area for decades; it is only
under more recent building codes that more precise values have been
used, as will be explained further on in this report.

Information regarding the circa 2017 replacement scoreboard, rigging
system, and hoist was provided to raSmith by Daktronics (DAK), and
Electronic Theater Controls (ETC). The overall configuration is similar
to what’s shown on the 1991 1992 drawings, and a maximum total
scoreboard weight of 15,000 lbs is indicated, matching what was
assumed for the previous scoreboard. In addition to the weight of the
scoreboard, it was also noted in 2017 that DAK intended to hang a
number of heavy speakers either directly from the 1991 1992
scoreboard support framing or from new supplementary beams
(provided by DAK). The total weight of the new speakers and any
associated support beams was estimated at roughly 3,000 lbs.

The 1991 1992 framing was reviewed and found to be capable of
supporting the loads from the new scoreboard aswell as the additional
speakers. This framing transfers loads into the existing roof trusses at
four distinct points per a connection detail from the 1991/1992
drawings that is reproduced below as Figure 119 for reference.

Although the 1929 drawings for the Field House do not appear to
indicate the loads used for the design of the roof trusses, raSmith
created a model of the trusses as for structural analysis as part of the
2017 investigation and concluded that the “live load” of 30 pounds per
square foot (psf) was used. That value is consistent with what was
used for snow loads on other projects in the Madison area at the time
the Field House was designed. In checking the capacity of the trusses
for overall capacity with the scoreboard loads applied, raSmith used a
live load value of 23.1 psf to account for snow load, as derived from the
applicable codes in effect at the time of the analysis. The 2017 report
by raSmith confirmed that the existing roof trusses could
accommodate the new scoreboard, replacement hoist, and additional
speakers without any modifications beyond what was done in
1991/1992, as long as the snow load was reduced to 23.1 psf.

Although Wisconsin has adopted more recent editions of the
applicable reference codes since the 2017 analysis was conducted, the
23.1 psf snow load value is currently still valid.  
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Figure 119: Connection of 1991 1992 Framing
(Arnold & O’Sheridan Project 90359S 1992)

Any further upgrades to the scoreboard system in the future would
need to re confirm the capacity of the main roof trusses, based on
whatever code requirements are in effect at that time.

As described elsewhere within this report, cracking in the Field House
exterior perimeter walls typically originates at the top of the arch over
an upper opening as well as off of the lower corners of the large
window openings. These cracks do not appear to translate through to
cracking in the stone veneer on the exterior side of the walls. The
exterior walls are constructed using exterior stone veneer cast
integrally over a varying thickness cast in place concrete with the
thickest portion of the wall occurring where the wall is braced back to
the building’s structural steel vertical truss framing system and with
the thinnest portion of the wall occurring over the arches and large
windowopenings. It is unknown if the concrete portion of the exterior
wall is reinforced or unreinforced but non destructive testing could be
utilized to determine whether or not it was if deemed important to
know. External wind pressures result in the greatest negativemoment
forces where the walls are thickest and the lesser positive moment
forces where thewalls are thinnest. However, it is our opinion that the
stresses that result from the positive moment forces is greater than
the stresses where the negative forces occur and either these wind
induced stresses by themselves or in conjunction with shrinkage,
thermal and moisture related movements that are occurring in the
plane of the wall have resulted in the cracks to date. At some point in
time in the past, some of these wall cracks along the north wall where
fitted with crack monitors but if these crack monitors were installed at
the ‘zero’ line as one would assume, they do not indicate any further
movement in the plane of the wall the day they were installed. 
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FIRE PROTECTION SYSTEMS

FIRE PROTECTION OVERVIEW
This report consists of an evaluation of the Field House Building located
on the UW Camp Randall Campus. The mechanical systems are a blend
of equipment installed since 2004 and original.

The Field House is partially sprinkled in the toilet rooms, mechanical
room and lower level.

EXISTING UTILITIES
Water Main
The Field House is served by a 4” fire main from Kellner Hall. There are
separate mains feeding the standpipes in the stairs and at each exit.
Flow test taken in 2016 was at the hydrant on the SE corner, 12” water
main: static: 81 psi, residual: 78 psi with flow test of 1040 GPM.

PERCENTAGE SPRINKLERED
The lower level which consists of meeting rooms and toilet rooms is
fully covered. This includes the recent 2016 remodeling of the volleyball
locker rooms and the therapy tub area. First floor between the stadium
concourse and the Field House is also sprinklered. This area is the public
toilet rooms and concessions. Second floor mechanical room north of
the fieldhouse is fully sprinklered.Main stairs have standpipeswith hose
valves at each floor. There are also hose valve connections at each exit
door(s). Some of the hose valves have been replaced to 2in, all
remaining are 1.5in.

Currently, the first floor concourse and the enclosed rooms are being
sprinklered.

The main floor, seating and upper level of the Field House is not
sprinklered.

FIRE DEPARTMENT CONNECTION
The facility has two (2) separate fire department connections. One
connection is by Stair #13 at the northwest corner of the building, the
other connection is a post connection on the east side of the building.

RECOMMENDATIONS
Recommended treatment of building systems is outlined in Part 2 of this
Historic Structure Report.

 

Figure 122: Fire Department Connection
(Berners Schober 2018)

Figure 121: Standpipe and Hose Valve
(Berners Schober 2018)

Figure 120: Standpipe and Hose Valve
(Berners Schober 2018)
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PLUMBING SYSTEMS

PLUMBING OVERVIEW
This report consists of an evaluation of the Fieldhouse Building located
on the UW Camp Randall Campus. The mechanical systems are a blend
of equipment installed since 2004 and original.

EXISTING UTILITIES
There is a 12” water main, 15” sanitary sewer and a 15” storm sewer
serving the Field House and the stadium. The utilities are located along
the south end of the building. A 6” combinedwater and fire protection
main enters Kellner Hall and serves both buildings. There are two (2)
6” sanitary sewers, one at the southwest and southeast corners of the
building. A 15” storm sewer is located at the southeast corner of the
building.

INTERIOR SERVICES
Water piping and sizes appear adequate for the building. (flow test:
static 81 psi and residual 78 psi) It was discovered during the Volleyball
Remodeling project (2016) that the underground sanitary and/or storm
piping is in poor condition and should be replaced. Sewers were not
replaced during that project due to cost and depth of the existing
sanitary sewer. Sanitary sewer was reviewed with a camera and there
are a few areas on the south end and out to the manhole that could be
replaced. Water piping appears to be fully insulated with glass fiber
insulation, no issues.

EQUIPMENT
The Field House is served from a 2nd floorMechanical room. Equipment
was replaced during a remodeling in 2005. There are Capital triplex
water softeners, triplex Cemline water heaters and three (3) HWR
pumps in the room.

PLUMBING FIXTURES
Plumbing fixtures in the Volleyball locker rooms and therapy tub area
are newer; from a 2016 remodeling. On the north end of the Field
House, main floor are the public Men’s and Women’s toilet rooms.
Fixtures appear to be in good condition, and of ample quantity. Water
closets are wall hung with flush valve, urinals are also wall hung with
flush valve. Lavatories are vitreous wall hung with separate hot/cold
handle control. There are the required number of ADA compliant
fixtures throughout, including a flushing floor drain in one of the toilet
stalls. Note: lavatory p traps do not have pipe protection installed.
(although required, may be troublesome to install and protect from
vandalism) There are electric water coolers on the Field House
concourse (volleyball) side. Toilet rooms serve the Field House side,
but are also accessible during football games from the field side, by
raising a door.  

Figure 126: Men’s Lavatories
(Berners Schober 2018)

Figure 125: Water Softeners
(Berners Schober 2018)

Figure 124: Water Heaters
(Berners Schober 2018)

Figure 123: Toilet Room Piping
(Berners Schober 2018)
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ROOF DRAINAGE
The building roof is pitched to the east west sides, with a parapet along
the edges. Roof drain(s) are along the flat roof at the edges. Storm
piping appears to be 3” and are undersized. Piping is also not insulated.
Roof area also doesn’t have a secondary roof drainage system.
Additional roof drains should be added and all storm piping to be
insulated.

RECOMMENDATIONS
1. Add secondary storm drainage to the parapet roof areas.
2. Replace existing sanitary/storm sewers below grade.

 

Figure 130: Concourse Water Coolers
(Berners Schober 2018)

Figure 128: ADAWater Closet / Flushing Floor Drain
(Berners Schober 2018)

Figure 129: Janitor’s Mop Basin
(Berners Schober 2018)

Figure 127: Men’s Urinals
(Berners Schober 2018)
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HVAC SYSTEMS

Overview
This report consists of an evaluation of the Field House Building
located on the UW Camp Randall Campus. Themechanical systems are
a blend of equipment installed since 2004 and original.

EXISTING UTILITIES

Steam
The building is served from Kellner Hall Main Mechanical room. Kellner
is served from the Campus central heating plant via underground
distribution conduits. In Kellner Hall, the central high pressure steam is
reduced to low pressure steam for distribution to the Field House via a
tunnel. An 8in low pressure and 4in low pressure condensate pipe
feeds the fieldhouse. A main condensate pump collects all condensate
for re distribution back to the campus boiler plant.

Additionally, 10in low pressure steam and 5in low pressure condensate
piping is extended from Kellner to the south end zone mechanical
room to support the air units supplying air to the Field House. The
piping is in good shape with adequate capacity, installed in 2004.

Chilled Water
The building is served from Kellner Hall Main Mechanical room. Kellner
is served from the Campus central cooling plant via underground
distribution conduits. An 4in chilled water supply and return main
feeds the fieldhouse and also passes thru to feed the Athletics
Operations Building. Additionally, 8in chilled water piping is extended
fromKellner to the south end zonemechanical room to support the air
units supplying air to the Field House. The piping is in good shape with
adequate capacity, installed in 2004.

Compressed Air
The facility is served from Kellner Hall Main Mechanical room. Kellner
is served from the Campus central heating plant via underground
distribution conduits. A 1in 100psi main feeds the fieldhouse and also
passes thru to feed the Athletics Operations Building. The piping is in
good shape with adequate capacity, installed in 2004.

 

Figure 131: Original Steam Piping
(Berners Schober 2018)

Figure 132: Return Ductwork
(Berners Schober 2018)

Figure 133: Roof Exhaust Fans
(JP Cullen 2018)
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VENTILATION SYSTEM

Volleyball Air Unit: AC 36
The lower level locker room is served by an air unit located on the
concourse level. Ductwork is extended to the spaces with VAV/reheat
boxes located in each space. The air unit consists of 100% economizer,
hot water coil, chilled water coil, panel filters and a housed variable
volume centrifugal fan. The system was installed in 2016. Return air is
pulled back to the air unit with relief air to the concourse space without
the use of a return fan.

There is an exhaust fan for toilets, shower and locker spaces,
discharging thru a louver on the west side.

Concourse Air Units: AC 3A & 3B
The facility is served from two large air units located in the south end
zone mechanical room on second level. These two units connect to
original round ductwork in the concourse area with steam reheat coils
for maintaining space temperature. The air is directed downward
towards the exit doors. The round ductwork loops the bowl. One unit
serves the east and the other the west. These two units are identical
with return ductwork drawing air from the roof of the building. These
units have steam heating coils, chilled water cooling coils (on one only),
panel filters and a housed constant volume centrifugal fan. The original
air units were removed and the new system was installed in 2004.
Return air is pulled back to the air unit with relief air to the bowl for
exhaust via the roof fans. The roof fans (circ 1980) are in bad shape and
need replacement.

Seating Air Unit: AC 8
The facility is served from one large air unit located in the south end
zone mechanical room on second level. This unit supplements to other
two units and connects to new round ductwork in the seating area, no
reheat. The round ductwork loops the bowl with supply air directed
towards the exterior wall. The unit is 100% outside air with no return air
capabilities. The unit has steam heating coils, panel filters and a housed
variable volume centrifugal fan. This unit is strictly for games to
accommodate the outside air requirements for each spectator using
CO2 control. The system was installed in 2004. Relief air is exhausted in
the bowl via the roof fans. The roof fans (circ 1980) are in bad shape and
need replacement.

 

Figure 134: Concourse Air Unit
(Berners Schober 2018)

Figure 135: Seating Air Unit
(Berners Schober 2018)

Figure 136: IT Room Cooling
(Berners Schober 2018)
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IT Rooms
There are two IT/communication rooms with DX split system cooling
systems. The condensers are located on the concourse IT room roof.
Discharging onto the concourse.

Electrical Room
The room has gravity outside air with an exhaust fan discharging to the
outside/east into the soffit.

HEATING SYSTEM
The original 8in steamand 4in condensate piping loops the bowl on the
concourse level serving the reheat coils. These coils are in bad shape
and need to be replaced. The recommended replacement is to use hot
water and remove the steam piping.

In the Kellner Hall mechanical room there is a large hot water heating
system that serves the stadium. There are 5 inch pipes capped for use
in the Field House on the reheat coil replacement in the future.

TEMPERATURE CONTROL SYSTEM
The facility uses A DDC Johnson Controls Metasys N2 system for the
three air units. The actuators and valves are pneumatic control devices.
The newer locker room air unit controls are JCI Metasys BACnet with
electronic actuators.

The reheat coils are pneumatic controlled and linked together by
exterior exposure.

A pressure sensor controls the roof exhaust/relief fans.

RECOMMENDATIONS
The facility equipment and systems replacement are as follows;

1. Upgrade the N2 DDC controls to BACnet.
2. Replace the steam reheat coils to hot water. Extend the hot

water piping around the concourse level.
3. Add cooling to the two air units serving the bowl/arena. Extend

chilled water piping.
4. Add two supplemental cooling units at the south end of the

facility to accommodate opening the windows to direct
sunlight. Extend chilled water piping to the Kellner Hall mains.

5. Replace the six (6) roof exhaust fans.
6. Add two (2) air units to ventilate the concourse level offices,

retail and concession stands. Extend hot and chilled water
piping from existing mains.

7. Replace the DX type IT cooling units with chilled water type.

 

Figure 137: Volleyball Air Unit
(Berners Schober 2018)

Figure 138: Distribution Piping
(Berners Schober 2018)



Part I: Developmental History

104 UW MADISON FIELD HOUSE HISTORIC STRUCTURE REPORT

ELECTRICAL SYSTEMS

Overview
This report consists of an evaluation of the Field House Building located
on the UW Camp Randall Campus.

EXISTING UTILITIES
Electrical
The facility is served from the Kellner 13.8KV Campus Primary
Distribution System. A 13.8KV, 600A main switch is located in the first
floor electrical room. The 13.8KV is transformed down to 120/208 V to
serve the main switchboard.

ELECTRICAL SERVICE AND DISTRIBUTION
The equipment is manufactured by Siemens/ITE and is in good
condition. The switchboard feeds an older MDP panel which is in fair
condition. It also feeds branch panels thru out the facility. Most panels
are in good condition except for a few which are located on the
mezzanines which should be upgraded/replaced.

EMERGENCY SYSTEM AND DISTRIBUTION
The facility is served from the campus emergency stand by generator.
An 80 amp, 480/277 volt feeder serves an ATS located in the main
electrical room. The ATS is old and in need of replacement.

The ATS feeds a transformer which serves two panels; E13 and E7. The
panels are in fair condition but serve life safety egress lighting and other
receptacle and miscellaneous loads which is a Code Violation. Only Life
Safety Loads are to be connected to the Life Safety Branch System.
Additional transfer switch(es) would be required.

LIGHTING
The facility has a mixture of new and old technology lighting. The girls’
volleyball locker upgrade project was recently completed in the
basement of the facility. All new LED fixtures and exit signs are
installed. The sports lighting has been upgraded to new LED fixtures
and controls. Theatrical lights were also added to the courts.

The remaining areas of the building have T8 fluorescent ballasts, lamps
and decorative sconces on the exterior. Some incandescent fixtures are
in utility/mechanical areas. The amount of emergency egress lighting
on the exterior of the building is unknown.

 

Figure 139: 13.8KV Switch and Transformer
(Berners Schober 2018)

Figure 140: 120/208V SWBD
(Berners Schober 2018)

Figure 141: Sports Lighting
(Berners Schober 2018)
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WIRING DEVICES
The facility has campus grade typical duplex receptacles thru out the
facility. Special purpose devices are installed where required. GFCI
outlets are installed near sinks.

TELE/DATA SYSTEMS
The facility has campus wide fiber and copper from the stadium MDF.
Horizontal cabling, racks, and outlets are in fair condition. The
telephone distribution/wiring is in fair condition.

FIRE ALARM SYSTEM
The facility has the campus wide Notifier Fire Alarm System with voice
evacuation. The system for the most part is code compliant.

SECURITY SYSTEM
The facility has the campus wide card access control system as well as
IP cameras on certain exterior and interior areas of the building.

RECOMMENDATIONS
The facility equipment and systems replacement recommendations
are as follows;

1. Add newMain Service Gear and Demo Abandoned.
2. Replace one transfer switch
3. Remove old emergency equipment and clean up wiring.
4. Add new normal and emergency distribution panels to replace

old equipment.
5. Replace lighting in concourse level offices, retail and storage

areas.
6. Upgrade egress lights to LED.
7. Add additional exterior decorative lighting.
8. Upgrade fire alarm devices and add strobes to individual

rooms.

Figure 142: Typical Branch Panel
(Berners Schober 2018)

Figure 143: ATS
(Berners Schober 2018)

Figure 144: Exterior Lighting
(Berners Schober 2018)




