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EXECUTIVE SUMMARY 

ZS was commissioned by Milwaukee County to perform an inspection and develop repair 
recommendations for the glazing system at the Mitchell Park Conservatory Domes. The Domes 
are in need of extensive rehabilitation, and Milwaukee County is pursuing a series of studies to 
determine a long-term plan for the future of the facility. The glazing system investigation focuses 
on the wire glass and aluminum frame, and is divided into Task 1 – Glazing System 
Investigation and Recommendations, and Task 2 – Installation and Testing of Mockup. This 
report is the culmination of the findings and recommendations associated with Task 1.  
 
The Domes are three identical conoidal structures completed in 1965. They form the primary 
part of the Mitchell Park Horticultural complex, which also includes support spaces, greenhouse 
buildings, and educational spaces. Each Dome is approximately 85 feet high by 140 feet in 
diameter and encloses an area of 15,400 square feet. The Show Dome, Tropical Dome, and 
Desert Dome each house a distinct environment which is maintained year-round.  
 
Each Dome displays extensive repair and maintenance issues including broken glass panes, 
failed gaskets, failed sealant joints, organic growth, and leaks. Spalls falling from the concrete 
structure necessitated the temporary closure of all three Domes and installation of a protective 
mesh on the interior. Leaks are reported to be worsening over time, and are contributing to 
accelerating degradation of the aluminum frame and concrete structure in each Dome.  
 
The Domes have been named by the National Trust for Historic Preservation as a National 
Treasure, and they are eligible for designation by the National Register of Historic Places as a 
National Historic Landmark. Public feedback in the form of signed petitions, comments at public 
hearings, and survey responses has been overwhelmingly in favor of preserving and repairing 
all three Domes. An optimal long-term plan for the Domes would therefore involve a historically 
sensitive rehabilitation of all Domes.  
 
The glazing system study in Task 1 involved a comprehensive internal and external 
investigation of the existing wire glass, gaskets, and aluminum frame.  
 
The investigation methodology included a series of tasks as follows: 

1) Document Review – Collection and review of every available construction document and 

prior study or report.  

2) Visual Investigation – Comprehensive examination of every surface on the interior and 

exterior of all three Domes using visual photography, infrared photography, binoculars, 

and an Unmanned Aerial Vehicle (drone).  

3) Water Testing – An accessible section of each Dome was tested for water penetration 

through the glazing system using an AAMA 501.2 hose nozzle. 

4) Investigative Openings – Selective disassembly and reassembly of a portion of each 

Dome in the area used for water testing. Assessment of system components and 

verification of adherence to original construction drawings.  

5) Analysis – Engineer’s assessment of the current glazing system including design intent, 

current functionality, engineering loads and capacity, life span of components, and long-

term viability of the system.  
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The major findings of the visual investigation are as follows: 

• Hundreds of panes of broken glass. 

• Extensive areas of corrosion and staining on the aluminum hubs and pressure bars on 

the exterior. 

• Failure of gaskets and sealant joints at all locations. 

• Extensive areas of corrosion, staining, and solids buildup on the aluminum frame and 

hubs on the interior. 

• Fogged glass panes, especially at ground level. 

• Extensive areas of organic growth on the gaskets and the glass on the interior.  

• Leaks from the intersection of the hub body with the aluminum rafters, including multiple 

leaks per Dome.  

Water testing produced leaks on the interior within minutes at all testing locations. The current 
glazing system has been determined to lack integrity against water infiltration at all areas.  
The major findings of the investigative openings are as follows: 

• Standing water was present in all opened hubs up to the level of the drain lock nut.  

• Black staining and solids accumulation were present in all hubs up to the level of the 

drain lock nut. Solids had completely clogged the drain in multiple hubs.  

• All gaskets on the hub interiors, pressure plates, and aluminum rafters have failed due to 

age and exposure.  

• All original components of the assembly conform to the construction drawings.  

• The glass panes have compressed the gaskets and are effectively in direct contact with 

the aluminum frame. There is effectively no glazing pocket in the existing system.  

Analysis of the existing system has determined that the condensation collection and drainage 
system is functioning as intended in the original design. The primary causes of failure in the 
system are the age of the gaskets, lack of maintenance, and the construction of the intersection 
of the exterior hub cover with the pressure plates. The existing aluminum frame is in good 
condition with no significant corrosion or degradation and is capable of supporting a moderate 
increase in structural loads. The aluminum frame was designed to accommodate large amounts 
of structural movement, however the lack of a glazing pocket at the edges of the glass panes 
results in the glass absorbing movement stresses and consequently cracking. The original wire 
glass has experienced fogging and cracking as a result of its age and the inherent qualities of 
¼” wire glass.  
 
Elements of the current glazing system assembly are not capable of providing a water-tight 
enclosure as they were originally designed. The intersection of the exterior hub cover with the 
aluminum pressure plates forms a significant height differential which cannot be sealed by the 
original gasket. The condensation collection and drainage system is functioning as designed, 
however numerous failures have occurred as a result of age and deterioration of the gaskets 
and the lack of maintenance. The lack of a glazing pocket in the original system results in 
cracking of glass panes or disengagement of the glass panes from the gaskets from structural 
movement. One-quarter-inch wire glass is brittle and prone to spontaneously fogging and 
cracking over time as micro-cracks develop in the glass. As a result of these and additional 
factors, a repair program consisting of replacing original components with identical new pieces 
cannot be considered a viable long-term strategy.  
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The viable long-term repair options for the Domes are summarized as follows: 

1) Concept 1 – Replace all original glass with new 7/16” laminated glass with low 

emissivity (low-e) coating. Install new aluminum extrusion onto existing aluminum frame. 

Install new exterior flush structural silicone joint. Remove all exterior hub covers and 

pressure plates. Install new redesigned hub cover plates. Clean all hub bodies. Install 

new redesigned interior gaskets. 

Estimated Cost: $18,876,000 

 

2) Concept 2 – Replace all original glass with new 7/16” laminated glass with low-e 

coating. Install new EPDM/PVC extrusion with integrated gutter onto existing aluminum 

frame. Remove all exterior hub covers and pressure plates. Install new redesigned hub 

covers and pressure plates. Clean all hub bodies and install inspection ports on each 

hub body interior.  

Estimated Cost: $18,845,000 

 

3) Concept 3 - Replace all original glass with new 7/16” laminated glass with low-e coating. 

Install new aluminum extrusion onto existing aluminum frame. Install new exterior flush 

structural silicone joint. Remove all exterior hub covers and pressure plates. Install new 

redesigned hub cover plates. Install new aesthetic/non-functional pressure plates. Clean 

all hub bodies. Install new redesigned interior gaskets. 

Estimated Cost: $19,500,000 

The primary benefits of Concept 1 include the use of an industry-standard glazing system, 
reduction of potential failure points, and relative ease of future examination and maintenance. A 
flush structural sealant joint will shed water off the exterior surface of the Dome more efficiently, 
thereby reducing the potential for leaks from water collection. Redesigned hub covers will 
feature an improved gasket and sealant system, and will allow for integration of the structural 
and hub cover sealant, providing a continuous exterior sealant barrier. A new interior frame 
extrusion would increase the size of the glazing pocket to modern standards. Concept 1 would 
result in a significant alteration of the exterior appearance of the Domes.  
 
Concept 2 involves replacing the original hub covers and exterior pressure plates with a new 
engineered dry-gasket pressure plate system. This system would involve standardized 
components and require less highly skilled labor to install than the structural sealant joint in 
Concept 1. The new interior frame extrusion would increase the glazing pocket to the largest 
possible extent. The new frame extrusion would also function as an integrated condensation 
control system and eliminate the individual interior gaskets. Concept 2 would result in the 
closest resemblance to the appearance and functionality of the original system. Long-term 
examination and maintenance of this system would be slightly more labor intensive. 
 
Concept 3 is similar to Concept 1 but features aesthetic/non-functional exterior pressure plates 
to more closely replicate the original appearance of the Domes. This concept should be 
considered in the event that the benefits of the flush structural silicone joint are desired but the 
State Historic Preservation Officer determines that the Domes would not be eligible for historic 
designation or tax credits if Concept 1 is selected.  
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Each of the repair concepts would result in an extended life span, elimination of all current 
issues, and improved efficiency and functionality for the Domes. The existing aluminum 
structural components of the glazing system are in good condition and have a long useful life 
span. Replacement of the existing wire glass with new laminated glass will improve the 
durability, clarity, and efficiency of the glazing. Replacing the existing exterior pressure plates 
and hub covers with new designed hub covers and a new structural sealant joint or new 
pressure plates will eliminate leaks and will provide a larger glazing pocket to accommodate 
movement and allow for standardized glass sizes. An extended maintenance plan and budget 
should be developed with each of these options, including regular examinations. Each of these 
options can potentially provide a life span far in excess of the 20-year warranty on the system. 
Implementation of any of these repair concepts will provide a new extended life for the Domes 
and ensure that they remain an iconic Milwaukee landmark for generations to come.  
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1. INTRODUCTION 

 
ZS LLC (ZS) was retained by Milwaukee County to perform an investigation of the glazing 
system at the Mitchell Park Conservatory Domes. The project includes Task 1 - Glazing System 
Investigation and Recommendations and Task 2 - Installation and Testing of Mockup. The 
report will be updated and finalized at the completion of Task 2. The Task 1 scope of the 
investigation consisted of a visual survey with digital photography and drone photography, 
review of all prior reports and documentation, and investigative openings. This report provides a 
summary of our findings, conclusions, and recommendations. ZS’ team includes Stutzki 
Engineering (Glass Specialist) and Super Sky Products (Skylight Contractor). 
 

2. BACKGROUND 

 
The Domes are located at 524 S. Layton Boulevard in Milwaukee, Wisconsin. The Mitchell Park 
Horticultural Conservatory complex consists of the display domes, a separate greenhouse, the 
annex complex, and several support and educational structures. A series of studies are being 
concurrently conducted to determine the feasibility and cost of repairing the domes to aid 
Milwaukee County in planning for the future. The domes are in need of extensive rehabilitation 
along with repairs and updates in the support spaces. The scope of this study (Task 1) focuses 
on the current aluminum and wire glass glazing system with a condition assessment of the 
current system and recommendations for rehabilitation strategies. Once a strategy has been 
chosen, a mockup will be constructed and tested as part of Task 2.  
 
The Domes are three identical conoidal structures built in succession and completed in 1965 
(Figure 1). Milwaukee architect Donald Grieb won a national design competition with his unique 
composition based on a truncated cone section. The concrete structure was cast on site and 
erected on temporary steel framing (Figure 2). An extruded aluminum glazing support system 
was custom-designed and fabricated by Super Sky and ¼” wire glass by Mississippi Glass was 
set into the frames (Figure 3). The foundations are below grade reinforced concrete (Figure 4). 
Exterior cladding at grade consists of cast concrete panels hung from the concrete structure. 
Each Dome measures approximately 85 feet high by 140 feet in diameter with an interior area of 
15,400 square feet. The Tropical Dome, Desert Dome, and Show Dome each contain a different 
internal environment which is maintained consistently year-round.  
 
The National Trust for Historic Preservation named the Domes a National Treasure, and the 
Domes are eligible for the National Register of Historic Places as a National Historic Landmark. 
This rare honor is the utmost level of distinction conferred to historic buildings by the National 
Park Service. In their more than 50 years of existence, the Domes have become an icon of 
Milwaukee and an indelible part of the fabric of the City. Public opinion has repeatedly been 
shown to overwhelmingly favor retaining and restoring all three Domes. Given these factors, an 
optimal solution to the current study would involve a historically sensitive restoration of each of 
the Domes.  
 
In regards to the glazing system specifically, the Domes have each displayed multiple issues, 
including but not limited to glass breakage, water leaks, condensation and concrete spalling. 
Glass panes appear to have broken spontaneously as well as by vandalism. Previous studies 
and repair projects have reported 300-400 broken glass panes per Dome. A substantial broken 
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pane replacement project was completed recently, and dozens of new pane breaks have 
occurred on each Dome since the completion of that project. Water leaks into each Dome 
during rain events. The severity of leaks ranges from occasional drips to flows of several gallons 
per minute. Many of these leaks are severe enough to affect operations of the Domes and 
visitor experience. The continued leaks are also causing damage to the concrete structure. The 
surface coating and all exposed steel reinforcing are degrading under constant exposure to rain 
water and condensation (Figure 5).  
 
Previous studies have been conducted by GRAEF covering the condition of the Domes and 
overall repair options.  The scope of these studies varied from basic repair estimates to options 
for complete replacement of the various systems and of the Domes themselves. Also, WJE 
conducted a peer review of the most recent study at the request of the National Trust.  

 

3. PRIOR REPORTS 

The following is a summary of prior report findings, recommendations and repairs: 

1) 1994 GRAEF 
a) Believed most glass breakage occurred within first years of Domes’ existence 

b) Issues with flashing at base of system 
c) All examined hubs contained water and debris on interior 
d) Hub drains in Tropical Dome were completely clogged  
e) Existing system can accommodate an increase of glass thickness to 3/8” without 

modification 

2) 2008 GRAEF 
a) Extensive dripping in Show Dome 
b) Breakage of glass also likely the result of cleaning crews 
c) 396 total broken panes at Show Dome 
d) Water testing performed 

i) Drip occurred at 2 hours on one hub 
ii) No drips any other hub 

e) Gaskets reported failed due to age and exposure 

3) 2013 GRAEF 
a) Examined steel embedded plates and welded connections 

4) 2016 GRAEF 
a) Replacement of more than 1,000 panes across all three Domes already completed 
b) Presented options for repair or replacement of Domes with associated costs 

5) 2017 WJE  
a) Peer review of 2016 GRAEF study 
b) Cleaning of existing glass, replacement of broken glass, installation of base flashing, 

replacement of hub pressure caps recommended 
c) Total budget $18.6 million as opposed to GRAEF estimate of $14 million for similar 

option 
d) Insulated glass will add excessive cost and weight 
e) Recommended new pressure plate design at hubs with wider contact area 
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4. OBSERVATIONS  

ZS was onsite for multiple days in July, 2019 to perform visual observations of the building 
envelope on both the interior and exterior surfaces. All observations were recorded with digital 
or infrared photography (see Appendix B for detailed field note documentation). UAV (drone) 
photography was used for observations at the upper levels on both the interior and exterior 
surfaces. The following observations were noted: 
 

Visual Observations- Show Dome (A) Interior 
• Multiple locations of corrosion and staining at hub interior surfaces (Figure 6).  

• Multiple locations of solids buildup on surface of hub (Figure 7). 

• Multiple locations of organic growth including significant buildup of moss on hub surfaces 
(Figure 8). 

• Multiple locations of organic growth at rafter surfaces and gasket surfaces (Figure 9). 

• Extensive leaking at hubs. A majority of leaks consist of single drips from the lock nut at 
the bottom of the hub. Multiple leaks are severe consisting of a laminar flow from the hub 
surface.  
 

Visual Observations- Show Dome (A) Exterior  
• Total of 107 broken panes of glass. Multiple panes are apparently broken as a result of 

vandalism. A majority of the panes feature one break within 24” of a hub (Figure 10). 

• Total of 10 locations of missing caps at glazing hubs. The interior of the hubs are directly 
exposed to exterior conditions at these locations (Figure 11). 

• Extensive areas of fogged glass. Solar transmittance is significantly reduced at these 
locations. A majority of these locations are at the base of the dome adjacent to the 
ventilation system louvers (Figure 12). 

• Multiple locations of corrosion and staining on pressure bars and screws (Figure 13). 

• Multiple locations of corrosion on hub plates (Figure 14). 

• Multiple locations of failed prior sealant repairs (Figure 15). 

• Multiple locations of degradation and failure of gaskets (Figure 16). 

• Extensive areas of organic growth on gaskets and pressure bars (Figure 17). 

• Extensive areas of organic growth on glass panes (Figure 18). 

 
Visual Observations – Tropical Dome (B) Interior 

• Multiple locations of corrosion and staining at hub interior surfaces (Figure 19).  

• Multiple locations of solids buildup on surface of hub. 

• Multiple locations of organic growth including significant buildup of moss on hub 
surfaces. 

• Multiple locations of organic growth on rafter surfaces and gasket surfaces. 

• Extensive organic growth on glass panes (Figure 20) 

• Extensive leaking at hubs. A majority of leaks consist of single drips from the lock nut at 
the bottom of the hub. Multiple leaks are severe, consisting of a laminar flow from the 
hub surface. 

Visual Observations – Tropical Dome (B) Exterior 
• Total of 388 broken panes of glass. Multiple panes are apparently broken as a result of 

vandalism. A majority of the panes feature one break within 24” of a hub (Figure 21). 
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• Total of 2 locations of missing caps at glazing hubs. The interior of the hubs are directly 
exposed to exterior conditions at these locations. 

• Total of 21 locations of replacement of original glass with opaque plexiglass. Many of 
these panes are not correctly sized to the opening and feature an open edge, which 
exposes the interior to weather (Figure 22). 

• Extensive areas of fogged glass. Solar transmittance is significantly reduced at these 
locations. A majority of the panes within 20’ of ground level are fogged. 

• Multiple locations of corrosion and staining on pressure bars and screws (Figure 23). 

• Multiple locations of corrosion on hub plates. 

• Multiple locations of failed prior sealant repairs. 

• Multiple locations of degradation and failure of gaskets. 

• Extensive areas of organic growth on gaskets and pressure bars. Multiple locations 
display extensive buildup of moss and other plant growth.  

• Extensive areas of organic growth on glass panes. 

 
Visual Observations – Desert Dome (C) Interior 

• Multiple locations of corrosion and staining at hub interior surfaces.  

• Multiple locations of solids buildup on surface of hub. 

• Multiple locations of organic growth including significant buildup of moss on hub 
surfaces. 

• Multiple locations of organic growth on rafter surfaces and gasket surfaces. 

• Extensive leaking at hubs. A majority of leaks consist of single drips from the lock nut at 
the bottom of the hub. Multiple leaks are severe, consisting of a laminar flow from the 
hub surface. 

 
Visual Observations –Desert Dome (C) Exterior 

• Total of 218 broken panes of glass. Multiple panes are apparently broken as a result of 
vandalism (Figure 24). A majority of the panes feature one break within 24” of a hub. 

• Total of 6 locations of missing caps or screw plates at glazing hubs. The interior of the 
hubs are directly exposed to exterior conditions at these locations. 

• Total of 14 locations of replacement of original glass with opaque plexiglass. 

• Extensive areas of fogged glass. Solar transmittance is significantly reduced at these 
locations. These locations primarily occur in clustered groups. 

• Extensive corrosion and staining on pressure bars and screws. 

• Multiple locations of corrosion on hub plates. 

• Multiple locations of failed prior sealant repairs. 

• Multiple locations of degradation and failure of gaskets. 

• Extensive areas of organic growth on gaskets and pressure bars. 

• Extensive areas of organic growth on glass panes. A majority of these locations occur at 
ground level adjacent to ventilation system louvers.  
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5. TESTING 

WATER TESTING 

ZS was on site on August 1st, 2019 to perform water testing at three selected locations, one per 
Dome. The locations were selected to represent differing conditions in the typical construction of 
the glazing system. The locations are labeled A-1, B-1, and C-1 for the Show Dome, Tropical 
Dome, and Desert Dome respectively (see Appendix B for test locations). Each of the 
components of the glazing system was tested separately at every location. All tests were 
isolated non-pressurized streams for one minute per linear foot unless otherwise indicated.  
 
Location A-1 – 7/31/19 

• Location contains one broken pane, a fogged pane, and organic growth at the lowest 
rafters. 

• Test 1 – down pipe – PASS – water drips down gaskets into bottom hub (Figure 25). 

• Test 2 – down right rafter – FAIL – pressure bar gasket leaks at area of organic growth 
(Figure 26). 

• Test 3 – down left rafter – FAIL – water drip at bottom hub at downpipe drain (Figure 27). 

• Test 4 – central hub – FAIL – water runs down interior of downpipe gasket. 

• Test 5 – up left rafter – FAIL – water drips at central hub and lower hub (Figure 28). 

• Test 6 – up right rafter – FAIL – water drips at central hub and lower hub. 

• Test 7 – up pipe – FAIL – pressurized at upper hub, drip at central hub. 

• Leaks are originating from the pressure bars, the central hub gasket, and the connection 
of the pressure bars to the central hub. 

• Leaks at the pressure bars are running down the channels on the interior side of the 
gaskets to the central and lower hubs. 

• The downpipe sockets and nuts on the central hub and the lower hubs are dripping into 
the interior.  

• Large amounts of water from the above tests ran to the top of the foundation wall and 
into the building interior (Figure 29).  

 
Location B-1 – 8/1/19 

• Location contains fogging at all panes and extensive organic growth on bottom hub and 
lower rafters.  

• Test 1 – downpipe – FAIL – pressure bar and gasket do not leak, however water from 
the test appeared immediately at the top of the foundation wall and ran into the interior 
(Figure 33). 

• Test 2 – down left rafter – FAIL – stream of water in interior gasket gutter, drip at hub 
above louver (Figure 34). 

• Test 3 – down right rafter – FAIL – moisture at gasket interior, immediate saturation of 
lower gasket gutter. 

• Test 4 – central hub – PASS. 

• Test 5 – central hub pressurized – FAIL – drips at bottom nut (Figure 35). 

• Test 6 – up left rafter – FAIL – immediate flowing water at central hub bottom nut. 

• Test 7 – up right rafter – FAIL – immediate flowing water at central hub bottom nut. 

• Testing at rafters below the central hub produced leaks at the bottom hubs and the 
foundation wall. 
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• Testing at rafters above the central hub produced leaks at the lower nut of the central 
hub. 

• The gutters on the interior side of the gaskets are functioning as intended and draining to 
the hubs. 

 
Location C-1 – 8/1/19 

• Location showed no defects during visual observation and no indications of leaking. 

• Test 1 – downpipe – FAIL – flowing water appeared immediately at top of foundation 
wall on interior (Figure 30 and Figure 31). 

• Test 2 – down left rafter – PASS.  

• Test 3 – down right rafter – PASS. 

• Test 4 – central hub – FAIL – drip originates on left side of hub and runs down interior 
face of hub (Figure 32). 

• Test 5 – up left rafter – FAIL – drip at bottom edge of rafter.  

• Test 6 – up right rafter – FAIL – flowing water running down interior face of glass. 

• Test 7 – up vertical rafter – PASS. 

• The central hub and upward diagonal rafters produced drips in the interior within 
minutes.  

• Water appeared at the top of the foundation immediately and flowed down the 
foundation wall throughout all tests. 

 

INVESTIGATIVE OPENINGS 
 
ZS and Super Sky were on site on 8/7/19, 8/8/19, and 8/12/19 to perform investigative openings 
at locations A-1, B-1, and C-1. Super Sky disassembled the glazing system and examined and 
measured each piece individually. The locations were reassembled as they were, with no 
repairs performed.  
 
Location A-1 – 8/7/19 

• Vinyl washers were present on approximately 30% of pressure bar attachment screws 
with no observable pattern for placement (Figure 36).  

• A diverter plate that is not shown on any original detail or shop drawing was observed in 
the hub assembly. The plate is composed of thin sheet metal and is attached to the hub 
assembly at the screw where the hub connects to the support post (Figure 37).  

• Standing water was present in the bottom of the hub up to the drain opening at the 
socket (Figure 38).  

• Black staining and solids accumulation were observed in the bottom of the hub up to the 
level of the socket (Figure 39).  

• Multiple glass panes were observed to have a rough edge and appear to have been 
modified in the field during original construction (Figure 40). 

• The glass panes display inconsistent sizing. Multiple glass edges displayed minimal 
contact with gaskets.  

• The vertical rafter was observed to have large amounts of movement ability when both 
glass panes were removed.  

• The ball joint was observed to have two ring gaskets in accordance with design 
drawings, however the lower gasket was composed of two nested rings as opposed to 
one solid gasket (Figure 41).  
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• All washers and gaskets are located on the interior of the hub assembly.  

• All gaskets displayed cracking, wearing, and hardening as a result of age and exposure. 

• The gasket on the perimeter of the central hub was solid and did not possess the void in 
the body indicated on the design drawings (Figure 42).  

• The glass edges and gaskets were observed to be in direct contact on all sides. There 
is effectively no glazing pocket present in the typical assembly (Figure 43).  

• All elements of the aluminum frame were hand-tight. No tools were required for 
disassembly. 

• Sizing of aluminum frame members corresponds to original construction drawings 
(Figure 44). 

 
Location B-1 – 8/12/19 

• The central hub was observed to have a blue anodized coating on the interior face 
(Figure 45).  

• The locking nut on the central hub did not possess a gasket or seal of any kind (Figure 
46). 

• Multiple gaskets appeared to have been replaced relatively recently. These gaskets 
were not deformed and did not show signs of organic growth or solids buildup (Figure 
47).  

• It is probable that the panes of glass contained by the newer gaskets have been 
replaced. These panes exhibited the same level of organic growth on the interior face as 
adjacent panes. 

• Multiple original gaskets displayed deformations which have the potential to compromise 
the seal with the aluminum frame (Figure 48). 

• Multiple gaskets displayed wearing related to movement of the system. The ridges 
designed to accept the glass panes were deformed flat in isolated areas (Figure 49).  

• The central hub downspout drain was entirely clogged with solids buildup. The hub 
contained standing water above the level of the ball joint drain. The water drained to the 
level of the ball joint immediately when the solids were cleared from the drain opening.  

• Black staining and solids buildup were present up to the level of the diagonal down 
rafters on the interior of the hub.  

• The upper hub drain was entirely clogged with solids buildup and had standing water 
above the level of the ball joint drain. The water immediately drained to the level of the 
ball joint when the solids were cleared. The solids from the upper hub traveled down the 
rafter and fell onto the diverter plate in the central hub.  

 
Location C-1 – 8/8/19 

• No sealant was present at any of the original gaskets. Both other locations contained 
extensive application of sealants over the original gaskets. 

• Original gaskets were hardened and cracked as a result of age and exposure. All 
examined gaskets lacked the sufficient compression ability needed to provide an 
adequate seal. 

• Upper hub compression cap is blue on the interior face.  

• Significant amounts of sediment buildup have accumulated in all hubs. The drain rafters 
in both the central and upper hubs were almost closed due to sediment accumulation 
(Figure 50). 

• Upper hub has standing water up to the level of the ball joint drain (Figure 51). 
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• Water was still draining into this hub from the upper levels at the time of the 
investigation. Light precipitation of less than 1” had ended 8 hours prior to the opening.  

• Gasket at the central hub perimeter conforms to design drawings. An additional O-ring 
has been fitted into the gasket void (Figure 52). 

• An additional O-ring was present on the hub cap perimeter. 

• Apparent excess rubber gasket cutoffs were placed between the glass and the hub 
gasket between the pressure bars (Figure 53).  

• Multiple original gaskets display areas where the ridges at the glass edge have been 
compressed and worn smooth. These areas occur most frequently within 12” of a hub 
pressure cap (Figure 54). 
 

6. GLAZING SYSTEM ANALYSIS 

 
ANALYSIS OF THE DESIGN AND FUNCTION OF THE CURRENT SYSTEM 

The existing glazing system is an intricate glass and aluminum enclosure that constitutes an 
aesthetic and functional system of exceptional beauty and innovative value even after 60 years. 
The architect Donald Grieb started in 1957 with the design of the conservatory. Early on, Super 
Sky (the glazing system original contractor) was asked to join the design team to develop the 
glazing system. The concept for the current glazing system was finalized in May 1960. One of 
the main objectives was to design the system such that it should be capable of completely 
removing any condensation water that would form on the interior surfaces of the glass panels. 
The inventor of the system (per Patent No. 3192669, dated July 6, 1965) was a Super Sky 
employee named Ronald G. Hawkins. The description of the patent allows us to clearly 
understand how the system works:  
 
“The rafters are constructed to collect and drain condensate from the inside surfaces of the 
skylight. For this purpose fins may be provided on the rafter or on the glazing strip for collecting 
condensate and directing it into a hollow hub, or into the tubular rafter. The lower portion of each 
rafter is made tubular and enters the hollow hubs at opposite ends to serve as part of a tubular 
network for draining condensate. 

Each rafter is secured at the upper end and sealed to the corresponding hub, and is loose to 
freely slide into the hub at the lower end to provide for necessary expansion and contraction of 
the rafters without distortion of the skylight. A universal connection preferably in form of a ball 
and socket joint secures the rafters and has a pair of sealing gaskets to close the opening in the 
hub.  

To collect the condensate, the glazing strip beneath and along the edges of the glass toward 
which condensate tends to run, is provided with a gutter which receives the condensate and 
conducts the same downwardly along the rafter and into the hub at its lower end. […] 

The hubs of the skylight in addition to acting as a distribution center for water flowing thereto 
serve as reservoirs in case of high condensate runoff from backing up and overflowing the 
troughs along the rafters. […] 

The invention has found particular adaption and is herein illustrated as applied to a large dome 
for a botanical conservatory. In this use it is desired to provide transmission of better than 90% 
of the light and it is estimated that the present invention provides for transmission of as high as 
94% of the total light.” 
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Sketch 1 illustrates the collection of condensation water and of rainwater leaking into the 
pressure cap of the rafter, and flowing within the rafter into the next hub below. The opening in 
the hub for the rafters from above are not sealed so the water can flow freely into the hub.  

The rafters draining water out of the hub are carefully sealed, and the water is drained 
downwards through the tubular part of the rafter. The existing glazing system is designed 
around massive amounts of condensation water, to be collected and safely drained to the 
perimeter. Any new system design has to start with calculating the anticipated amount of 
condensation water, not just assume water entering from the exterior through local faults in the 
sealing joints.  

Sketch 1: Drainage Flow in a Typical Hub in a Typical Inclined Position.  
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The ZS team developed a 3-Dimensional digital model of the existing system components 
shown in the following renderings.  

Existing - Frame section: 

 

Existing - Typical 6 Member Hub Condition (Section View): 
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Existing - Typical 6 Member Hub Condition (Internal View):  

 

 
Existing - Typical 6 Member Hub Condition (External View): 
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ANALYSIS OF CURRENT SYSTEM FAILURE 
 
Despite its intriguing design the current system has a lifespan that is long, but not unlimited. The 
aging of the polymer seals is the main reason for its progressive failure in the form of leaks.  

A second reason for apparent failures is the wire glass. The failure is reoccurring glass 
breakage. It is in the nature of annealed glass that there is slow, but inexorable growth of micro-
cracks that cause macro-cracks sooner or later. Optically, the surface of the glass becomes dull, 
which cannot be removed by cleaning. The fact that after almost 60 years there are still so many 
intact original glass panels speaks to the high quality of the original glass.  

A third reason for the observed deterioration is the existence of pressure caps on the surface 
that enable water to sit in the pockets formed by these caps, and leads to leaks inside over time. 
This rainwater, finding its way through leaks into the interior, was seemingly not the main 
concern of the designers of the original system.  

The gaskets on the hub covers are not compressible enough to accommodate the necessary 
sealing needed at the pressure plate end closures. The pressure plate gaskets have hardened 
to a point where they do not properly seal to the glass thereby letting water enter the system. 
There are missing pressure plate fasteners, missing hub cover gaskets, missing hub covers, 
open flashing splice gaps and holes and cracks in glass lites. The sealant efforts that were 
performed to seal the hub cover gaskets are marginal, with many voids and gaps still allowing 
water in at the hub covers. 

The extruded aluminum frame components appear to be in good condition with no corrosion or 

degradation that would prevent them from functioning structurally. There are, however, varying 

degrees of internal debris and clogging due to drainage residue that does affect the draining 

function of the hollow extrusions. The physical threaded connections between the “down” 

members and the hub are good, however the condition of the original rubber gasket systems 

(intended to make these connections water-tight) varies from functioning to complete failure. 

The hollow aluminum hub bodies are in good shape with no corrosion or degradation, however 

in many locations they are filled with sediment and standing water to the level of the top of the 

nut on the center down member. We did encounter some conditions where the hole in the 

connection nut of the center down member was blocked with debris, causing the hub to fill up to 

the point where the diagonal down members were performing all of the drainage. When the 

debris was removed the center down member functioned properly. 

7. DISCUSSION  

 
The current glazing system at the Domes has deteriorated as a result of age and lack of 
maintenance. Original gaskets and weather seals, as well as sealant repairs, are beyond their 
useful life. Approximately 10 percent of glass panes across all three Domes have been replaced 
with new ¼” wire glass or opaque plexiglass. A vast majority of the original glass panes and 
gaskets are therefore still in place after 54 years.  
 
Glass breakage is a continual issue with the glazing system. The 2008 GRAEF report listed 396 
broken panes on the Show Dome. These locations were marked and recorded, and a majority 
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of the locations were repaired between 2008 and 2016. The Show Dome currently contains 107 
locations of broken glass. A majority of these locations are new breaks that have occurred since 
these previous repairs were completed. The aluminum rafter system was designed to 
accommodate large amounts of movement, however the glass panes are in direct contact with 
the gaskets at most edges. Stresses from movement of the aluminum support system are 
therefore often transferred directly to the glass panes, however ¼” wire glass is notoriously 
brittle and is unable to absorb this stress. System improvements resulting in a properly sized 
glazing pocket would alleviate most if not all of the breakage due to movement stresses.  
 
Algae and moss growth on the glass panes, gaskets, and rafter surfaces remains a consistent 
issue across all three domes. These issues are especially acute in the Tropical Dome, with 
occasionally severe buildup of moss and algae on gaskets and glass panes. Algae growth on 
glass panes significantly impacts the solar transmittance of that pane. Horticultural management 
at the Domes has previously stated that solar light levels within the domes are often insufficient 
for the plant specimens. Regular maintenance should be performed to ensure that the glass 
panes are clean and free from algae growth. There are aquarium-safe anti-algal growth coatings 
commercially available which could significantly decrease the frequency of needed glass 
cleanings, however they may not be economically feasible at this scale. Algae and moss growth 
on gaskets significantly accelerates the process of decay and can quickly compromise the 
integrity of the gasket. Significant amounts of moss and plant growth hold water against the 
gasket, increasing the process of decay and the tendency of the gasket to leak. Regular 
cleaning is necessary to ensure that new plant growth cannot become established on gasket 
material.  
 
Corrosion and associated staining are present across significant areas of pressure bar and hub 
surfaces on both the interior and the exterior of each dome. Corrosion on interior surfaces 
indicates the collection of water at the gaskets and rafter elements. This water likely originates 
from high humidity levels in the interior environment and from exterior rainwater passing through 
the system. Corrosion staining originates primarily from the bolts which attach the exterior 
pressure bars to the aluminum rafter receiver. A majority of these bolts do not possess 
waterproofing of any kind on the exterior. Rainwater is therefore able to flow past the bolt head 
and into the system. A full system repair should include waterproofing measures on all fixtures 
and fittings on the exterior to prevent any water intrusion into the system.  
 
The original system was designed with a single gasket at the perimeter of the hub covers. The 
ends of the pressure bars extend beneath the hub plate and are flattened in an attempt to 
achieve a flush fit. The original gasket is therefore tasked with bridging the height difference 
between the pressure bar and the surface of the glass. Traditional solid rubber gaskets from 
1965 were not capable of achieving a seal at this condition. Repairs featuring silicone sealant 
applied in large quantities on the exterior have been attempted. These repairs have proven 
ineffective over time based on the location and frequency of leaks during rain events. In many 
cases the silicone was not properly applied and displays gaps and other failures which have 
compromised its integrity.  
 
Water testing at select locations demonstrated the systemic failure of the typical glazing 
assembly. Every component of the system failed isolated non-pressurized testing on both the 
Show Dome and Tropical Dome. Most tests produced dripping at the interior hub within 2 
minutes. The testing at the Tropical Dome included an area where the original glass pane and 
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gaskets had been replaced with new materials. This area failed water testing at the same rate 
as those featuring original materials. The location at the Desert Dome was chosen specifically 
for its lack of visible defects on the exterior or the interior. Despite this, the gasket at the hub 
cover and two of the pressure bars failed non-pressurized water testing within minutes. It is 
therefore our conclusion that the glazing system has failed at all locations across all domes. The 
original system is not capable of providing a watertight enclosure as designed. Modification of 
the system with new components will therefore be required to ensure a watertight envelope.  
 
All hubs opened during inspection displayed significant amounts of solids accumulation on the 
interior. In a majority of hubs, the solids form a continuous film up to and including the ball joint 
and drain opening. The drains in the Tropical Dome hubs were entirely clogged with solid 
deposits. These hubs featured standing water above the level of the ball joint and drain. The 
origin of the solids is not immediately clear, but likely includes degraded gasket material as well 
as pollution and dust from the exterior. Standing water up to the level of the ball joint and drain 
was observed in multiple hubs on the other two domes. This retention of water is a feature of 
the original design. The ball joint features two ring gaskets at the base and top of the ball to 
prevent the water leaking to the building interior. These gaskets have not been replaced and are 
far past their useful life. WJE proposed installing a self-leveling compound up to the level of the 
ball joint and drain in each of the hubs. This option may provide a long-term solution depending 
on the properties of the compound selected and its response to the movement in the system. An 
engineered replacement of the ball joint system should be considered as an alternative option. 
A new junction that sits flush with the interior surface of the hub and features the articulated joint 
outside the body of the hub would provide a more reliably watertight and accessible seal without 
water retention inside the hub.  
 
The drainage system where the bottom of the glazing system meets the louvers and the top of 
the foundation wall displays a severe design flaw that is compromising the concrete foundation. 
The bottom hubs in the glazing system do not possess drain fittings. In all observed locations, 
the bottom hub features an open hole that drains all water directly onto the top of the foundation 
wall. All water within the glazing system therefore eventually drains directly onto the foundation. 
The original detailed drainage system is no longer connected or functioning as intended in any 
observed area. During water testing, large amounts of water were observed running beneath 
the louver flashings and down the foundation walls into the basement. The basement contains 
floor drains, however large amounts of water collect in the basement during rain events. A new 
drainage and through-wall flashing system should be installed which will drain all water within 
the glazing system to the exterior of the building. This solution would involve removal and 
replacement of the precast panels at grade level as well as disassembly of portions of the 
ventilation system.  
 

8. OPTION RECOMMENDATIONS 

Based upon the results of our document review, the visual survey, testing and analysis, ZS 
recommends the following repair options: 
 

Concept 1 (Flush Glazed): 
This repair concept is based on maintaining the original extruded aluminum framing system 
with minor modifications, and introducing numerous systemic improvements. It includes fully 
cleaning the internal frame system components, replacing the failed rubber O-ring gaskets 
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within each hub with gaskets featuring improved sealing properties, and installing a new 
lightweight extruded aluminum “skin system” component onto the existing framework. The 
new skin system would significantly increase the “glazing pocket” (the area within the 
framing system where the glass edges are located) to accommodate both installation and 
as-built tolerances, thereby allowing the installation of new code compliant 7/16” thick pre-
fabricated laminated safety glass.  
 
In order to optimize watershed off of the new glass surface, to prevent future glass staining 
and residue build up, and to significantly improve the sealing methodology at the hub 
covers, this proposed repair option would include a new flush silicone glass-to-glass 
weather-seal joint in lieu of the existing pressure plate glass retention system. This type of 
flush structural glass-to-glass joint is commonplace in the construction of glass structures 
today and is approved by the glazing industry as well by glass, sealant, and glazing 
accessory material manufacturers. Other proposed improvements include new glazing 
gaskets with optimized material properties, new hub covers with improved fastening and 
sealing components, materials and methodologies, plus a new functioning stainless steel 
flashing pan system at the base of the dome that will properly collect, contain and evacuate 
potential condensation and leakage to the exterior. A summary of the proposed 
improvements is as follows: 
 
1. All existing ¼” clear wire glass lites will be replaced with 7/16” clear, heat-

strengthened (HS) laminated glass. This glass makeup is the maximum thickness that 
will add the least amount of additional dead load to the frame and structure. This glass 
meets current overhead glazing safety codes and will better resist breakage due to 
lateral movement of the structure during high wind load events. (There are several glass 
makeups to be considered, but all will start with 7/16” clear, laminated HS glass.) 

2. A new extruded aluminum skin system will be mounted to the exterior face of the 
existing extruded aluminum frame. The primary function of this added layer of frame 
is to create a much wider glazing pocket than the current 1-9/16” wide frame and provide 
a continuous glazing fin that will support the new glass. The new proposed 7/16” HS 
laminated glass will be precut and delivered to the site and cannot be field modified. The 
creation of a larger glazing pocket, in conjunction with slightly under-sizing the new 
laminated glass, will allow any as-built conditions that do not conform to the original pre-
determined size and geometry to be accommodated within a much larger tolerance 
range. 

3. All exposed extruded aluminum pressure plates will be eliminated in favor of a 
flush structural silicone joint. In order to eliminate thousands of exposed screws, 
thousands of pressure plate-to-hub cover intersections, and to allow unobstructed 
watershed off of the glazed surface, the original extruded aluminum pressure plates will 
be eliminated and replaced with a 1” wide (+/- ¼”) structural silicone joint between the 
edges of the new laminated glass. This type of joint is commonplace in today’s sloped 
glazing industry and is an approved methodology by both glass and sealant 
manufacturers. It has been determined by structural analysis that the retention of the 
triangular glass lite by the hub covers only at the three corners (without a continuous 
silicone joint on all three sides) is acceptable to resist required forces. The addition of 
the structural sealant joint will further strengthen the system as a whole. 
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4. Replace all frame-to-hub connections that rely on rubber gaskets to make the 
connections water-tight. There are many locations where the “down tubes” of the 
frame that exit the bottom of the hubs have gaskets that are no longer sealing the 
connections that are intended to be watertight. These original rubber gaskets will be 
replaced with new O-ring gaskets with significantly improved material properties. 

5. All hub interiors will be cleaned. Based on the forensic investigation of numerous 
hubs on all three domes, we know that water sitting in the hubs has resulted in debris 
buildup. In many cases the debris blocks the drain passage in the center down tube. The 
original condensate/leakage control system should be repaired to function as originally 
intended. Cleaning methods will most likely require hand cleaning, power washing, or a 
combination of both. 

6. Redesign all hub covers and gaskets. Provide a redesigned gasket that will be more 
compressible (to seal better against the glass surface) as well as repositioning the 
gasket (relative to the outer edge of the cover) to accommodate a large continuous 
silicone wet seal that will be installed around the circumference of each hub cover. This 
circular sealant joint will marry with and cover over the intersecting flush sealant joints of 
the adjacent glass lites to provide a complete water-tight condition. 

7. Install sill flashing at the base of each dome. The new sill flashing will sit on top of the 

foundation wall and cladding panels. It will be the full width of the cladding panel and 

foundation wall, with an upturned interior leg, be pitched towards the exterior, and will 

have the means to drain the pan to the exterior at the low points. There is currently no 

flashing containment pan at the base of the glazing system, which allows water coming 

out of the system to flow directly onto the top of the concrete foundation wall as well as 

into the space between the exterior stone cladding and the foundation wall where the 

bridging mortar has failed. 

The modifications proposed in concept #1 are feasible and will eliminate the current leak issues, 
will restore the functionality of the original condensation/leakage control system, and will 
upgrade the code compliance of the structure to current overhead glazing standards. The 
benefits of this repair concept include cutting potential failure points to a fraction of the number 
in the original system, utilization of an industry standard glazing system, and relative ease of 
examination and maintenance. Potential downsides of this concept include the significant 
alteration of the appearance of the Domes by eliminating the external aluminum pressure bars 
in favor of a flush silicone joint. The quality of a flush structural silicone joint depends highly on 
the skill and experience of the installer, as a poor quality installation will quickly fail.  
 
The following sketches/renderings exhibit the Concept 1 construction and details.  
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Existing Typical Frame Section: 

 

 
Concept 1 Renovated Typical Frame Section: 
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Concept 1 - Frame Section with New Skin System Member:  
 

 
 
 
 
Concept 1 - Renovated Typical 6 Member Hub Condition (Internal View):  
 
 

 
 
 
 
 
 
  

New aluminum Skin System extrusion 
and gaskets will drain into the existing 
hubs as per the original system design. 

Original, existing system components to 
remain but be disassembled, cleaned and 
reassembled on a member-by-member and 

node-by-node basis. 

New aluminum Skin System 
extrusion (attached to the existing) 
to provide a significantly larger 
glazing pocket to accommodate 
installation and as-built tolerances 
allowing glass to be pre-
fabricated. 

New gasket system with improved 
materials.  

Existing aluminum frame.  
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Concept 1 - Renovated Typical 6 Member Hub Condition (Section View): 
 
 
 

 
 
Concept 1 - Renovated Typical 6 Member Hub Condition (External View): 
 
 
 
 

 
 New laminated glazing with new flush silicone glass-to-

glass joints to improve watershed and reduce residue 
buildup and staining. 

New hub covers with improved fastening methodology 
as well as improved gasket profile and material plus a 
continuous silicone weatherseal to integrate with the 
flush sealant joints.  

New aluminum Skin System 
extrusion and gaskets will drain 
into the existing hubs as per the 
original system design. 

Original, existing system 
components to remain but 
be disassembled, cleaned 
and reassembled on a 
member-by-member and 
node-by-node basis. New O-Ring gaskets at each frame-to-

hub connection. (2 per connection.) 

New hub covers with improved fastening 
methodology, as well as improved gasket profile 
and material plus a continuous silicone weatherseal 
to integrate with the flush sealant joints.  
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Concept 2 (Pressure Plates): 

Renovation Concept 2 centers around maintaining the current concrete support structure 
and original extruded aluminum frame / hub concept with modifications to the 
condensate/leakage control systems, increasing the size of the glazing pocket, and 
introduction of a replacement aluminum pressure plate dry gasket system. The major 
proposed modifications are as follows: 
 
1. All existing ¼” clear wire glass lites will be replaced with 7/16” clear HS laminated 

glass. This glass makeup is the maximum thickness that will add the least amount of 

additional dead load to the frame and structure. This glass meets current overhead 

glazing safety codes and will better resist breakage due to lateral movement of the 

structure during high wind load events. (There are several glass makeups to be 

considered but all will start with 7/16” clear laminated HS glass.) 

 
2. All exposed extruded aluminum pressure plates will be replaced with a new 

extruded aluminum pressure plate system. In order to provide a system featuring 

modern materials and methods that is as close to the original historic character as 

possible, the existing exterior aluminum pressure plates will be replaced with a new dry 

gasket extruded aluminum pressure plate system. This type of system is commonplace 

in today’s sloped glazing industry and is an approved methodology by glass and skylight 

system manufacturers. The new pressure plates will be designed in conjunction with the 

new hub plates to ensure a cohesive and water-tight system that will eliminate the gaps 

and height changes observed in the original design. Redesigning the pressure plates will 

allow for a much wider glazing pocket than the original 1-9/16” frame, allowing for 

accommodation of irregular opening sizes and future movement of the system.  

 
3. A new extruded silicone or PVC skin system will be mounted to the exterior face 

of the existing extruded aluminum frame. There are two functions of this added layer 

of frame. The first function (similar to Concept 1) is to create a much wider glazing 

pocket than the current 1-9/16” wide frame. The glazing pocket in Concept 2 will be 

substantially larger than those in the other concepts because the pressure bar system 

would eliminate the need for a continuous glazing fin. The new proposed 7/16” HS 

laminated glass will be precut and delivered to the site and cannot be field-modified. The 

creation of a larger glazing pocket, in conjunction with slightly under-sizing the new 

laminated glass, will allow any as-built conditions that do not conform to the original pre-

determined size and geometry to be accommodated within a much larger tolerance 

range. As a result of the lack of a continuous glazing fin, Concept 2 would provide higher 

degrees of glass size standardization and site tolerances than any other option.  

 
The second function of the new skin system is to act as an integrated 

condensation/leakage control system. The new extruded silicone or PVC skin system 

will include an integral gutter system to replace the original gasket gutter system. This 

system would involve fewer potential failure points than the original system and would be 

composed of more durable materials. The open glazing pocket presented in this concept 

would also function as a collection and control channel for any leaks through the exterior 
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pressure plate gaskets. As the skin system is composed of a single extruded piece, any 

exterior water that leaks past the pressure plate gasket would be contained within the 

new skin system channel and drained directly to the hub.  

 

4. Replace gaskets on all frame-to-hub connections that rely on rubber gaskets for 

watertight connections. There are many locations where the down tubes of the frame 

that exit the bottom of the hubs have gaskets that are no longer sealing the connections 

to be watertight. While the improvements from items 2 and 3 above are designed to 

eliminate all leaks, the original condensate/leakage control system within the hubs 

should be repaired to function as originally intended. 

 
5. All hub interiors will be cleaned. Based on the forensic investigation of numerous 

hubs on all three domes, we know that water sitting in the hubs has resulted in debris 

buildup. This debris in many cases is blocking the drain passage in the center down 

tube. While the improvements from items 2 and 3 above are designed to eliminate all 

leaks, the original condensate/leakage control system should be repaired to function as 

originally intended. Cleaning methods will consist of hand cleaning, power washing, or a 

combination of both. 

 
6. All hub covers and gaskets will be redesigned. Provide a redesigned gasket that will 

be more compressible (to better seal against the glass surface) and reposition the 

gasket (relative to the outer edge of the cover) to accommodate a large and continuous 

silicone wet seal that will be installed around the circumference of each hub cover. This 

circular sealant joint will intersect with the terminations of the new aluminum pressure 

bars. 

 

7. Install sill flashing at the base of each dome. The new sill flashing will sit on top of the 

foundation wall and cladding panels. It will be the full width of the cladding panel and 

foundation wall, with an upturned interior leg, be pitched towards the exterior, and have 

means to drain the pan to the exterior at the low points. There is currently no flashing 

containment pan at the base of the glazing system, which allows water coming out of the 

system to flow directly onto the top of the concrete foundation wall as well as into the 

space between the exterior stone cladding and the foundation wall where the bridging 

mortar has failed. 

 
The modifications proposed in Concept 2 are feasible and will eliminate the current leak 
issues, will provide a new condensation/leakage control system composed of more durable 
materials, and will upgrade the code compliance of the structure to current overhead glazing 
standards. The advantages of this system include standardized dry gaskets that eliminate 
the labor and potential inconsistency of installing a wet seal at all pressure plate locations, a 
potentially longer usable life for glazing materials, and a substantially larger glazing pocket 
than all other options. This Concept would result in an appearance and functionality that 
most closely resembles the original glazing system. The drawbacks of this system include 
doubling the potential failure locations as opposed to the flush silicone joint concepts, and a 
potential risk of leaks at the screw attachment locations.  
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Concept 2 – Frame Section with new Skin System Member and Dry Gaskets: 

 
 

Concept 2 – Renovated Typical 6 Member Hub Condition (Section View): 

 
 
  

New silicone or PVC Skin System 
extrusion will drain into the 
existing hubs as per the original 
system design. 

New dry gaskets will allow for 
standardized assembly with a 
longer useful life span than a wet 
seal. 

New O-Ring gaskets at each frame-to-
hub connection. (Two per connection.) 
 

Original system components to remain 
but be disassembled, cleaned and 
reassembled on a member-by-member 
and node-by-node basis. 
 

Open glazing pocket allows for 
greater site tolerances and 
doubles as leakage control 
channel. 
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Concept 2 – Renovated Typical 6 Member Hub Condition (Internal View):  

 
 
Concept 2 – Renovated Typical 6 Member Hub Condition (External View): 

 
 

  

New aluminum pressure bar 
system with dry gaskets. 

New hub covers with improved fastening 
methodology as well as improved gasket profile and 
material plus a continuous silicone weatherseal. 
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Concept 3 (Flush Glazed with Aesthetic Pressure Plates): 

Renovation Concept 3 includes all modifications and repairs outlined in Concept 1 but with 
the addition of a false/non-functional pressure plate to preserve the exterior appearance of 
the Domes to the fullest possible extent. The primary alterations from Concept 1 are as 
follows: 
 
1. The new aluminum skin system extrusion will include a fastener receiving 

channel. The new aluminum skin system extrusion detailed in Concept 1 was designed 

as a structural glazing fin for a flush silicone joint. The new exterior false pressure plate 

will be fastened to the skin system extrusion by means of screws in a similar manner to 

the existing system. The skin system extrusion detailed in Concept 1 will therefore be 

altered to include a threaded fastener receiver channel. This channel will not be 

continuous, but will be of sufficient length to allow for flexibility in placing the false 

pressure plate. This threaded receiver channel will be milled off between pressure plate 

attachment points to allow for the installation of the flush structural sealant joint. 

 

2. An exterior false/non-functional pressure plate will be added to the skin system. 

The new pressure plate will be modeled to resemble the original profile as closely as 

possible and will be attached to the new skin system by means of screws at four 

locations per pressure plate. The new pressure plate will not feature gaskets or sealants, 

and will be purely aesthetic in nature. The new pressure plate will cover all rafter 

locations, but will not intersect with the new hub covers. The primary weather sealing 

system will remain the flush structural silicone joint detailed in Concept 1.  

The modifications proposed in Concept 3 are primarily designed to address the visual impact of 

the flush structural silicone glazing joints detailed in Concept 1. New exterior false/non-

functional pressure plates will replicate the appearance of the original pressure plates as closely 

as possible, while retaining the significant advantages of the flush silicone joint and new hub 

cover designs outlined in Concept 1. The primary advantage of Concept 3 is its closer alignment 

to the original appearance of the Domes in order to obtain historic tax credits in the event that 

Concept 1 is rejected by the State Historic Preservation Office. This contingency would only 

prove necessary in the event that a public-private partnership or other eligible entity would 

assume control over operations of the Domes, secure Federal and/or State historic designation 

for the Domes, and apply for historic rehabilitation tax credits. The primary disadvantages of 

Concept 3 are increased cost for over 1,700 additional aluminum extrusions and the work to 

install them per Dome. Concept 3 should be considered as an option only in the event that 

historic rehabilitation tax credits cannot be secured by Concept 1, or by a statement from the 

SHPO that the Domes would no longer be eligible for historic designation under Concept 1 due 

to the significant change from the original appearance.  

The following sketches show Concept 3 construction and details. 
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Existing Typical Frame Section: 

 

  
Concept 3 Renovated Typical Frame Section: 
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Maintenance Requirements and Life Span 

Concept 1: 
 
Exterior: Perform periodic inspections of sealant joints and repair as required. Develop long-
term plan for removal of hub covers and cleaning of hub interiors. Warranty 20 years. Expected 
life span is 20-50 years. Full replacement of all sealant joints will be required upon an engineer’s 
determination that the product has reached its useful life span.  
 
Interior: Perform periodic inspections of gaskets and gutters. Replacement of an interior gasket 
will require removal of the glass pane and the exterior structural sealant joint and installation of 
a new structural sealant joint and hub cover sealant. Warranty 20 years. Expected life span is 
20-50 years.  

 
Concept 2: 
 
Exterior: Perform periodic inspections of gaskets, pressure plates, and sealant joints at hub 
covers. Warranty 20 years. Expected life span is 20-50 years. Full replacement of all gaskets 
and hub cover sealants will be required upon an engineer’s determination that the product has 
reached its useful life span.  
 
Interior: Perform periodic inspections of skin system extrusions. Replacement of an extrusion 
will require disassembly of two glass panes and installation of new sealant at the hub covers. 
Perform periodic inspection of the hub interiors using the inspection ports in the hub bodies. 
Warranty 20 years. Expected life span is 20-50 years. 

 
Concept 3:  
 
Exterior: Perform periodic inspections of the sealant joints by removing the plate covers and 
repair as required. Develop long-term plan for removal of hub covers and cleaning of hub 
interiors. Warranty 20 years. Expected life span is 20-50 years. Full replacement of all sealant 
joints will be required upon an engineer’s determination that the product has reached its useful 
life span. Repair and replacement of sealant joints will require the removal and reinstallation of 
the plate covers.  
 
Interior: Perform periodic inspections of gaskets and gutters. Replacement of an interior gasket 
will require removal of the glass pane and the exterior structural sealant joint and installation of 
a new structural sealant joint and hub cover sealant. Warranty 20 years. Expected life span is 
20-50 years.  
 
A full review of the concrete structural reports should be conducted prior to finalizing plans for 
the glazing system. All engineering assumptions including wind loads, weights of materials, 
loads, and building movement should be coordinated between the two studies. The concrete 
structure and glazing system support structure are tied, and may even be reciprocal to a 
degree. Repair and maintenance plans for the concrete structure should therefore be developed 
in conjunction with repair and maintenance plans for the glazing system to ensure compatibility. 
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Glass Replacement Considerations and Recommendation 

The quality of the glass is of paramount influence on the plants in a horticultural conservatory. 
All plants are ideally exposed to natural sunlight and the atmosphere. Many plants in the 
Mitchell Park Conservatory have their original habitat in other parts of the world, however, which 
makes it necessary to create an artificial climate that is appropriate for the types of plants in 
each particular dome. A glazed enclosure creates such an appropriate climate. Natural sunlight 
is, however, essential for all plants. 
 
The least amount of decrease in the quality of natural sunlight would be achieved with glass 
known as water-white glass, or low-iron glass. As to the interlayer of laminated glass, an 
ionoplast interlayer, like SentryGlas®, would absorb the least amount of the radiation, which is 
important for photosynthesis.  
 
However, to control the heat in summer within the glass enclosure, it is essential to apply a  
low emissivity (low-e) coating onto the glass. The following article is an example of literature 
about low-e coating suitable for greenhouses. It is not meant to recommend the Pilkington 
Product. The selection of the low-e coating for the new glazing should include the opinions of 
horticultural experts. 
 

Technical Bulletin ATS-1482013-01-14 
 
Pilkington North America, Inc.811 Madison Avenue,  Toledo,  Ohio  43604-5684 
Telephone  800 221 0444Fax  419 247 451 
 
Plant Growth behind PilkingtonEnergy Advantage™ Low-E Glass and PilkingtonSolar E™ Solar 
Control Low-E Glass 
 
Summary 

The question is often asked: will the growth of plants within a house be adversely affected 
by glazing the window units with a low emissivity (low-e) coated glass? A healthy plant 
that flourishes behind glass is the result of many variables, including: the type of plant, 
necessary wavelengths of light for plant growth, the percentage of light transmittance 
through the glazing unit at each specific wavelength and the internal room temperature 
and humidity where the plant is located. Solar radiant energy in the form of visible light will 
act as a source of fuel for the internal food factory of a green plant.  Through 
photosynthesis, plants use this visible light to change carbon dioxide and water into the 
simple sugars and starches they use for food, giving off oxygen in the process. A green 
plant does not use all the light that is available to it for growth, however.  Although natural 
sunlight appears white, it is actually composed of separate wavelengths, each with its own 
color: red, orange, yellow, green, blue and violet.  Plants will use some wavelengths more 
than they use others. In most plants, green wavelengths are merely reflected, causing the 
plants to appear green to us.  The influence of the invisible infrared (IR) energy on plant 
growth is still unclear.  Ultraviolet (UV) radiation is generally harmful to seedlings or 
younger indoor plants; although some data suggest that the longer ultraviolet wavelengths 
can slightly stimulate photosynthesis if visible light is also present in the correct 
proportions.  Most of the important photochemical processes in a plant use the blue and 
red areas of the visible spectrum to best promote growth.  Red light, for example, 
stimulates stem and leaf growth, while blue light regulates plant enzyme and respiratory 
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processes and encourages low, stocky growth and dark green leaves.  Providing your 
plants with the right balance of red and blue light is key to successful indoor plant growth. 
 
Therefore, plants will grow best behind a glazing having a neutral daylight transmittance 
without a strong color.  The visible light transmittance through a 3 mm double glazed clear 
insulated glass unit is 81%.The size of the window and controlling the distance from the 
plant to the window are key variables in regulating indoor plant growth. Low-E coatings 
are designed to transmit visible light and to reflect far IR (around 10 nm wavelength).  
Clear glass is totally opaque to far IR so the presence or not of a low-e coating has little 
effect on the direct radiant energy transmission.  A double-insulating glass unit of: Clear / 
air / Pilkington EnergyAdvantage™Low-E Glass, will transmit 75% of the visible light that 
is available from the sun.  Therefore, there is only a 7% reduction in visible light 
transmittance for the Pilkington EnergyAdvantage™ Low-E Glass option. A double-glazed 
unit with Pilkington Solar-E™Solar Control Low-E / air / Clear insulated will transmit 59% 
of the visible light that is available from the sun. The total amount of light received by a 
plant is important.  Some plant types grow best in total shade with no direct solar radiation, 
while others prefer full sunlight.  The hours of daylight, window size and degree of shading, 
as well as the daylight transmission of the glass will determine the total amount of light 
available for plant growth.  All of these factors should be considered when growing plants 
indoors.  
 
“Ultraviolet radiation is generally harmful to plants...”*therefore a glazing having low UV 
transmittance can be desirable.  A comparison between the 3 mm glazing options noted 
above shows UV transmittance values of 57% for the double glaze clear unit, 45% for the 
double glaze unit with Pilkington EnergyAdvantage™ Low-E, and 38% for the unit with 
Pilkington Solar-E™ Solar Control Low-E Glass. Finally, most plants grow ideally in indoor 
temperatures between 65 and 75°F (18 and 24°C).  Window units glazed with low-e coated 
glass will certainly keep plants warmer than windows with plain glass during winter 
nighttime, with less need for heating energy supplied by the home furnace. Research into 
plant growth behind low-e glazing conducted at the Massachusetts Institute of Technology 
(MIT) concluded:"...neutral-colored...low-e products do not seriously influence yields, plant 
health, or growth rates if the plants are kept near room temperature"*.* Johnson, Timothy 
E.,“Low-E Glazing Design Guide,” Butterworth Architecture 1991. 

 

 
It is our recommendation that the new glass feature a low-e coating in order to reduce the 
cooling load in summer and reduce heat loss in winter by reflecting the infrared radiation. The 
exact specification of the low-e coating should be determined together with experienced 
horticulturalists, to make sure the glass is transparent enough for the part of the spectrum that 
activates plant growth. 
 
The specified coating should have maximum transparency for photosynthetically-active 
radiation, and should be reflective for the longer wavelengths on the infrared side of the 
spectrum” 
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9. COST ESTIMATES 

 
A detailed cost estimate was developed by Super Sky for each option (see Appendix C).  Table 
1 below summarizes the cost of each option for all three Domes.  
 
 

Option  Estimated Construction Cost 

Concept 1 (Flush Glazed): 
 

$18,876,000 

Concept 2 (Pressure Plates) 
 

$18,845,000 

Concept 3 (Flush Glazed with Aesthetic 
Pressure Plates) 
 

$19,500,000 

 
 

10. RENOVATION CONSTRUCTION WORK PLAN DISCUSSION 

The most significant challenge of the renovation of the conoidal dome structures will be the 
physical access around the perimeter as well as up the glazed surface. When these units were 
originally erected there was 100% access at grade level around each dome for crane, 
scaffolding, and lifting equipment. The construction of the lobby, annex, education complex, and 
other support buildings has severely limited access at grade level around each Dome. The 
Show Dome has approximately 50% access, the Tropical Dome about 40%, and the Arid Dome 
about 15%. The use of articulated boom lifts is not possible due to this lack of grade level 
access. A crane and basket is not an option due to the difficulty in accessing the curving surface 
from the basket and the limit of two workers per basket.  
 
The recommended renovation methodology would be a “top down” method using scaffolding as 
a work platform in conjunction with a hydraulic self-erecting tower crane to move materials as 
shown in Appendix D. This top down method has been used on other large projects and has 
performed well. 
 
The current installation scheme and budget pricing reflects the scaffolding up to the top ring of 
one entire Dome at a time.  The scaffolding will be a fully engineered, counter-
weighted/cantilevered scheme that will not rely on any physical support from or anchorage to 
the existing dome structure.  Where the scaffolding occurs at the support buildings, an in-depth 
analysis of the existing roof structure will determine if shoring will be required and what 
additional structure or support will be needed to ensure that the weight of the scaffolding will be 
properly supported and distributed. The scaffolding contractor and their structural engineer 
would perform all of this engineering scope of work prior to the start of scaffolding erection. 
 
Renovation of the dome will start at the top and progress around the entire top level per the 
necessary renovation steps to complete the work. Daily work will only be performed on the 
amount of glass and dome components that can be removed and replaced in that day. No 
Dome will be opened during inclement weather or temperatures which could harm the 
specimens. The interior environment and horticultural specimens will therefore not be impacted 
by the work. Once the current level is completed, the scaffolding will be dismantled down to the 
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next modular level to access that next elevation of the Dome, at which time the same renovation 
steps will be taken until that level is completed. This sequencing will continue until the 
renovation is competed down to a point where the scaffolding is no longer needed to access the 
Dome surface.  
 
Based on the estimated labor hours to complete the renovation tasks, we are anticipating a per 
Dome renovation duration between 43 and 47 weeks (depending on the final option selected), 
not including weather delays. Our current budget includes scaffolding and tower crane costs for 
18 months to anticipate for potential schedule delays. Work will be performed on only one Dome 
at a time, and work on each Dome will be completed before moving to the next. This will ensure 
that only one Dome is closed to the public at any given time.  
 
In order to deliver materials to the scaffolding level, as well as aid in the layer-by-layer 
dismantling of the scaffolding, a mobile self-erecting hydraulic tower crane will be tentatively 
located per the crane location plans shown in Appendix D. This crane will be onsite for the 
duration of each of the Domes renovation process. 
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11. REPORT FIGURES 
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Figure 1 – Overall 

 

Figure 2 – Concrete frame on temporary steel framing 
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Figure 3 – Prefabricated glazing sections 

 

Figure 4 – Reinforced concrete at and below grade 
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Figure 5 – Concrete surface degradation due to leaks 

 

Figure 6 – Corrosion and staining at hub surfaces 

39



 

Figure 7 – Solids buildup at hub surface 

 

Figure 8 – Significant buildup of moss on hub surface 
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Figure 9 – Buildup of organic growth on rafter and flashing surfaces 

 

Figure 10 – Cracked glass panes 
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Figure 11 – Missing cap at glazing hub 

 

Figure 12 – Fogged glass panes at grade 
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Figure 13 – Corrosion and staining at pressure bars and screws 

 

Figure 14 – Corrosion at hub cover 
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Figure 15 – Failed prior sealant repair 

 

Figure 16 – Failed original gasket 
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Figure 17 – Organic growth on gaskets and pressure bars 

 

Figure 18 – Organic growth on glass panes 
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Figure 19 – Corrosion and staining at hub surfaces 

 

Figure 20 – Organic growth at glass panes 
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Figure 21 – Multiple panes of cracked glass 

 

Figure 22 – Original glass replaced with plexiglass 
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Figure 23 – Corrosion and staining at pressure bars 

 

Figure 24 – Broken glass pane due to vandalism 
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Figure 25 – Location A-1 

 

Figure 26 – Gasket leak 
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Figure 27 – Leak at pressure bar gasket 

 

Figure 28 – Drip at central hub 
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Figure 29 – Water from testing running to interior of foundation wall 

 

Figure 30 – Location B-1 
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Figure 31 – Water appears immediately at foundation wall interior 

 

Figure 32 – Drip at diagonal down rafter 
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Figure 33 – Location C-1 

 

Figure 34 – Gutter at down left rafter 

53



 

Figure 35 – Drip at bottom hub 

 

Figure 36 – Vinyl washers not present at pressure bar screws 
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Figure 37 – Diverter plate present in hub 

 

Figure 38 – Standing water present in hub 
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Figure 39 – Solids present up to level of drain 

 

Figure 40 – Rough edges of glass indicate field modification 
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Figure 41 – Double gaskets in ball joint 

 

Figure 42 – Solid hub gasket 
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Figure 43 – Glass is tight to aluminum rafter 

 

Figure 44 – Sizing corresponds to construction drawings 
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Figure 45 – Hub cover has blue anodized coating on interior 

 

Figure 46 – Lock nut does not possess gasket or seal of any kind 
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Figure 47 – Replaced gasket 

 

Figure 48 – Deformation of original gasket 
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Figure 49 – Deformation of original gasket 

 

Figure 50 – Drain blocked with sediment buildup 
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Figure 51 – Standing water present in upper hub 

 

Figure 52 – Gasket conforms to construction drawings 
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Figure 53 – Cutoffs present in attempt to provide continuous seal 

 

Figure 54 – Original gaskets have been deformed smooth by movement 
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Figure 55 – Broken glass panes at Dome peak 
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12. APPENDIX A: ENGINEERING AND CALCULATIONS 
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Prepared for:  ZS LLC, Milwaukee, WI 
   

IMPORTANT NOTE: 
This report is part of  a feasibility study with some preliminary engineering. The purpose of this 
preliminary engineering is to underpin the feasibility and approximate glass thicknesses. This 
document is for coordination purpose only. It must not be used as an engineering document by 
contractors.  
 
The full responsibility for the design, engineering and fulfillment of the performance specifications 
will be with the glazing contractor per delegated design. The glazing contractor will have to do his 
own set of shop drawings. 
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1. Introduction 

 

 

 

 

 

 

 

 

 

1.1. Project Brief: 

The Conservatory building complex includes three 50+ year old display domes, a greenhouse and annex complex 
added in 2015, as well as support and educational structures. The domes are in need of extensive rehabilitation along 
with repairs and updates needed for many support spaces. In order to properly plan for the future, Milwaukee 
County requests an investigation of the current glazing system to determine their condition and then provide 
recommendations regarding potential rehabilitation strategies, followed by actual mock-ups and testing of the 
recommended repair materials and methods. 
 
 

   
 
This report pertains to Phase 1 of Project No. P684-18607-2 “Mitchell Park Horticultural Conservatory-Glazing 
Investigation” dated May 31, 2019 of the Department of Administrative Services of Milwaukee County. 

  

68



Mitchell Domes Glazing By: BJJ 
Milwaukee, WI August 29, 2019 
Prelim. Design Loads and Glass Calculation Page 4 of 29 
2019-048 Rev. 0 

  

 

1.2. Description of the re-cladding option 

The following calculations pertain to a new glazing system that leaves the aluminum rafter-and hub network in place, 
as the supporting structure for new glass. 
The new glass will be laminated, heat strengthened glass with 2 layers of 3/16” low-iron glass panes. This report is a 
review of the new glass under all loads and load combinations per current code, and a structural review of the hub-and 
rafter system under the increased dead load, in combination with wind, snow, and maintenance loads.  
 

 
Schematic sketch of the existing aluminum grid system with new glass 
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The new glass is calculated in two different ways: 
 

a) the glass is continuously line-supported along the rafters (with pressure caps or with structural silicone): 

    
 
 

b) the glass in the case of wind suction is supported only by the pressure caps of the hubs, and rests freely on 
the gaskets of the rafters without any pressure cap: 

    

1.3. Weight Comparison of the existing to the new glazing system 

The new glass with a total thickness of 7/16”  is increasing the weight of the glazing system (glass plus aluminum hubs 
and rafters) by 27%. The current glass is ¼” thick. 
 

  
Including the weight of the concrete grid, the weight-increase due to the thicker glass is estimated to be less than 10%. 
 

1.4. Summary of the following calculations 

The existing aluminum hub-and rafter network is safe to carry the increased glass weight plus all loads per code, 
including maintenance load of a person standing on the glass. The components are checked all the way down to the 
welded connection onto the embedded plate on the concrete.  
The embed itself and the concrete are not checked. We refer to other investigations that are currently carried out to 
confirm the embed and the concrete are able to carry the increased dead load. 

Existing system New system

glass 3.3 psf 5.0 psf

aluminum 3.0 psf 3.0 psf

total 6.40 psf 8.0 psf = +27%
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2. Codes and Standards applicable for recladding  

1) 2012 International Building Code 
2) ASCE7-10 Minimum Design Loads for Buildings and Other Structures 
3) ASTM E1300-12a Standard Practice for Determining Load Resistance of Glass in Buildings 
4) ASTM C1048 Standard Specification for Heat Treated Flat Glass 

 

3. Design Loads applicable for recladding  

3.1. Dead Load 

Glass = 13.2psf/in of glass thickness 

3.2. Live Load 

Uniform Live Load = 20psf            (2012 IBC, Table 1607.1) 
Concentrated Live Load = 300 lbf.     (2012 IBC, Table 1607.1) 

3.3. Snow Load 

 
 
Use 37psf for glass calculation 
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3.4. Wind Load  

Ultimate Wind Load:  
WLp = 45 psf 
WLn = -45 psf 
 

 
 

 
Figure 1 - Image from Google Maps 
 

The variables H, Lh, and x 
are guestimates, based on 
visual from Google Maps 
image (to be confirmed for 
final design) 
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3.5. Earthquake Load 

Not considered for glass calcualtion 

3.6. Temperature Load 

Not considered for glass calculation. Tolerances and clearances of connecting elements are assumed to be sufficient 
for differential thermal movements between glass panels and supporting structure. Thermal movements will not 
introduce additional stresses into glass. 

3.7. Load Combinations 

Load combos for Glass  
 

1. DL  =  7psf (does not govern)    

2. DL + SL*  =  44psf (does not govern)    

3. DL + LL concentrated  =  7psf + 300lb     

4. DL + 0.6WLp  =  34psf (does not govern)    

5. DL + 0.45WLp + 0.75SL*  =  55psf     

6. DL + 0.45WLp + 0.75LL concentrated  =     27psf + 225lb     

7. 0.6DL + 0.6WLn  =  23psf     

 
*Unbalanced peak drift load conservatively used on full width of panel for calculation 
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4. Check of typical existing roof purlins 

4.1. Section properties 

4.1.1. Section type 1 
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4.1.2. Section type 2 (has governing section properties, so Section 2 is used for calculation) 

  
 

4.1.3. Section type 3 
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4.2. Materials 

4.2.1. Overall Section Properties Used in Calculation 

 
 

4.2.2. Material properties 

 
 
 

4.3. Load Combinations Used for Purlin Check 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section info

Secti Section No. of Section Mat. Area Ix Iy Sx Sy rx ry  J

no. Cross-Section DescriptionComments Comp. type no. [in2] [in4] [in4] [in3] [in3] [in] [in] [in4]

1 Section1 1 Closed 1 1.30 0.99 0.25 0.68 0.31 0.87 0.44 0.32

2 Section2 1 Closed 1 1.12 0.61 0.21 0.59 0.26 0.74 0.43 0.31

3 Section3 1 Closed 1 1.23 0.61 0.30 0.58 0.26 0.70 0.49 0.32

Modulus

of 

Mat. Material Elasticity

no. Nickname Fy [ksi] Fu [ksi] Fty [ksi] Fcy Ftu E [ksi]

1 6063-T6 25.0 25.0 30.0 10100

Material info

Steel props Alum props

Load Cases

no. Description Symbol

1 Dead Load D

2 Snow S

3 Wind pressure (down) Wd

4 Wind suction Ws

Load combo

no. LRFD/ASD D S Wd Ws

1 ASD 1.00

2 ASD 1.00 1.00

3 ASD 1.00 0.60

4 ASD 1.00 0.75 0.45

5 ASD 0.60 0.60
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5. Computer Model of the existing aluminum mullion- and node-system with new glass 

5.1. Overview 

 
A structural analysis model was prepared with a representative section of the dome included to find the worst-case 
location for purlin analysis, based on inclination of the member and subsequent loading direction. Only a section of this 
model was included in the aluminum member design (those most critical members). 
 
 

  
Figure 2 - structural model (units = inches)      Figure 3 - members chosen for calculation 
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Partial model, rendered 
 

 
Photo of the existing dome 
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5.2. Geometry and Slenderness 

 

Unbraced Unbraced All For Open For Closed For Rect.

Membe Len. in X Len. in Y Shapes Shapes Shape  F.3.1 Bars  F.4.2

Member Section Length Lbx Lby E.3 F.2.1 2∙Lby∙Sc (d/t)∙

no. no.
Descripitio

n
[in] [in] [in] Location KL/r Lby/(ry∙Cb

1/2) (Cb(Iy∙J)1/2) (Lb/(Cb∙d))1/2

195 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

346 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

137 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

226 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

54 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

300 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

195 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

346 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

171 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

137 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

226 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

54 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

300 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

319 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

171 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

319 2 Section2 65.1 65.1 65.1 151.8 - - 307.1 - -

88 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

253 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

88 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

253 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

52 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

125 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

201 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

270 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

52 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

125 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

201 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

270 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

80 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

224 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

80 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

224 2 Section2 57.5 57.5 57.5 134.1 - - 271.2 - -

129 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

244 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

108 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

173 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

38 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

235 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

151 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

284 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

151 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

108 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

173 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

284 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

38 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

235 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

129 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

244 2 Section2 49.9 49.9 49.9 116.3 - - 235.2 - -

292 2 Section2 52.2 52.2 52.2 121.8 - - 246.5 - -

339 2 Section2 52.2 52.2 52.2 121.8 - - 246.5 - -

312 2 Section2 52.2 52.2 52.2 121.8 - - 246.5 - -

73 2 Section2 52.2 52.2 52.2 121.8 - - 246.5 - -

81 2 Section2 52.2 52.2 52.2 121.8 - - 246.5 - -

248 2 Section2 65.5 65.5 65.5 152.8 - - 309.1 - -

248 2 Section2 65.5 65.5 65.5 152.8 - - 309.1 - -

Geometry Slenderness S

Home Comp.2 Comp.3 Comp.4 Comp.5 Comp.6Comp.1
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5.3. Summary of member design 

 
Conclusion:  Existing purlin appears to be structurally sufficient (78% utilized). 
 

Summary

All. All. All. Strong All. Weak Overall

Gov. Tensile Axial Gov. Comp. Axial Gov. Strong Axis Gov. Weak Axis Interaction 

Member Section N Mx My Load Eq. Force Tension Eq. Force Comp. Eq. Moment Bend. Eq. Moment Bend. COMP1

no. no. [kip] [k-in] [k-in] Combo [kip] CSR [kip] CSR [k-in] CSR [k-in] CSR CSR

195 2 0.00 -3.1 1.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.47 0.36 F.8.1.1 3.96 0.42 0.78

346 2 0.00 -3.1 1.6 CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.36 F.8.1.1 4.0 0.41 0.78

137 2 0.00 -3.1 1.5 CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.36 F.8.1.1 4.0 0.38 0.74

226 2 0.00 -3.1 1.5 CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.36 F.8.1.1 4.0 0.38 0.74

54 2 0.00 -3.1 1.5 CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.36 F.8.1.1 4.0 0.38 0.74

300 2 0.00 -3.1 1.5 CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.36 F.8.1.1 4.0 0.38 0.74

195 2 0.00 -1.9 2.0 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.22 F.8.1.1 4.0 0.50 0.73

346 2 0.00 -1.9 2.0 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.50 0.73

171 2 0.00 -3.1 1.4 CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.37 F.8.1.1 4.0 0.34 0.71

137 2 0.00 -1.9 1.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.48 0.71

226 2 0.00 -1.9 1.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.48 0.71

54 2 0.00 -2.0 1.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.48 0.71

300 2 0.00 -2.0 1.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.48 0.71

319 2 0.00 ##### ##### CO 4 - - - - - - - - - - - -LTB F.3.1 8.5 0.37 F.8.1.1 4.0 0.34 0.70

171 2 0.00 -2.0 1.8 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.45 0.69

319 2 0.00 -2.0 1.8 CO 2 - - - - - - - - - - - -LTB F.3.1 8.5 0.23 F.8.1.1 4.0 0.45 0.68

88 2 0.00 -2.5 1.2 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.29 F.8.1.1 4.0 0.30 0.58

253 2 0.00 -2.5 1.2 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.29 F.8.1.1 4.0 0.30 0.58

88 2 0.00 -1.6 1.5 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.37 0.56

253 2 0.00 -1.6 1.5 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.37 0.56

52 2 0.00 -2.4 1.0 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.28 F.8.1.1 4.0 0.26 0.54

125 2 0.00 -2.4 1.0 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.28 F.8.1.1 4.0 0.26 0.54

201 2 0.00 -2.4 1.0 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.28 F.8.1.1 4.0 0.26 0.54

270 2 0.00 -2.4 1.0 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.28 F.8.1.1 4.0 0.26 0.54

52 2 0.00 -1.6 1.3 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.34 0.53

125 2 0.00 -1.6 1.3 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.34 0.53

201 2 0.00 -1.6 1.3 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.34 0.53

270 2 0.00 -1.6 1.3 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.34 0.53

80 2 0.00 -2.4 0.9 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.28 F.8.1.1 4.0 0.22 0.50

224 2 0.00 -2.4 0.9 CO 4 - - - - - - - - - - - -LTB F.3.1 8.6 0.28 F.8.1.1 4.0 0.22 0.50

80 2 0.00 -1.6 1.2 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.31 0.50

224 2 0.00 -1.6 1.2 CO 2 - - - - - - - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.31 0.50

129 2 0.00 -1.9 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.40

244 2 0.00 -1.9 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

108 2 0.00 -1.8 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

173 2 0.00 -1.8 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

38 2 0.00 -1.8 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

235 2 0.00 -1.8 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

151 2 0.00 -1.8 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

284 2 0.00 -1.8 0.7 CO 4 - - - - - - - - - - - -LTB F.3.1 8.7 0.21 F.8.1.1 4.0 0.18 0.39

151 2 0.00 -1.2 1.0 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.14 F.8.1.1 4.0 0.24 0.38

108 2 0.00 -1.3 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.15 F.8.1.1 4.0 0.23 0.38

173 2 0.00 -1.3 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.15 F.8.1.1 4.0 0.23 0.38

284 2 0.00 -1.2 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.14 F.8.1.1 4.0 0.24 0.38

38 2 0.00 -1.3 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.15 F.8.1.1 4.0 0.23 0.38

235 2 0.00 -1.3 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.15 F.8.1.1 4.0 0.23 0.38

129 2 0.00 -1.3 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.15 F.8.1.1 4.0 0.22 0.38

244 2 0.00 -1.3 0.9 CO 2 - - - - - - - - - - - -LTB F.3.1 8.7 0.15 F.8.1.1 4.0 0.22 0.38

292 2 -0.03 -1.7 0.6 CO 4 - - - - - - E.3 3.86 0.01LTB F.3.1 8.6 0.20 F.8.1.1 4.0 0.16 0.37

339 2 -0.03 -1.7 0.6 CO 4 - - - - - - E.3 3.86 0.01LTB F.3.1 8.6 0.20 F.8.1.1 4.0 0.16 0.37

312 2 -0.04 -1.7 0.6 CO 4 - - - - - - E.3 3.86 0.01LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.16 0.36

73 2 0.04 -1.7 0.6 CO 4 D.2a 16.9 0.00 - - - - - -LTB F.3.1 8.6 0.20 F.8.1.1 4.0 0.16 0.36

81 2 0.04 -1.6 0.6 CO 4 D.2a 16.9 0.00 - - - - - -LTB F.3.1 8.6 0.19 F.8.1.1 4.0 0.16 0.35

248 2 -0.05 -2.5 0.1 CO 4 - - - - - - E.3 2.45 0.02LTB F.3.1 8.5 0.30 F.8.1.1 4.0 0.04 0.35

248 2 -0.05 -2.5 0.1 CO 4 - - - - - - E.3 2.45 0.02LTB F.3.1 8.5 0.30 F.8.1.1 4.0 0.04 0.35

Component 1 (Aluminum)

ASD member forces Axial Tension Axial Compression Strong Axis Bending
Geometry

Weak Axis Bending

Home Comp.2 Comp.3 Comp.4 Comp.5 Comp.6Comp.1

80



Mitchell Domes Glazing By: BJJ 
Milwaukee, WI August 29, 2019 
Prelim. Design Loads and Glass Calculation Page 16 of 29 
2019-048 Rev. 0 

  

 

5.4. Single member check  

Check of member 195 (most critical from analysis) as a cross check of list above. 
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Results confirm CSR = 0.78. 
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6. Existing weld check at hub 

Max reaction:  
DL + 0.75S + 0.45Wp = 54psf x 9.02ft2 = 500lbs 
0.6DL – 0.6Wu = 23psf x 9.02ft2 = 210lbs 
 
In order to envelope all conditions, use 1kip total load at 45 degrees, such that Px = Pz = 0.707 x 1kip = 0.7k (see 
image below). 

 

Stress in weld:  σweld = √(
Pz

Aweld
+ 

Pz ∙ 4.0"+ P𝑥 ∙ 6.75"

Sweld
)

2

+ (
Px

Aweld
)

2

 = 13.4ksi 

 
Design stress for welds: 
Fv

Ω 
 = (0.6 x FEXX) / 2.0 = 21.0ksi < σweld OK! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            
                            Photo of the existing support situation: 
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7. Preliminary Glass Design for the new glass used for Recladding 

7.1. Overall location of calculated glass panels 
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7.2. General Design Criteria  

Young’s Modulus of Elasticity: 10,400,000 psi,    
Poisson’s Ratio:  0.22 
Coefficient of Thermal Expansion: 4.9 x 10-6 in/in/°F 
 
Glass Allowable Stress per ASTM E1300 Appendix X4 thru X7 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Load Duration Load Type

Annealed (A) 

[Clean Cut]

Annealed (A) 

[Seamed]

Annealed (A) 

[Polished]

Heat Strengthed 

(HS)  [Seamed 

& Polished]

Fully Tempered 

(FT) [Seamed & 

Polished]

3s Wind, EQ 16.5 18.3 20.0 36.5 73.1

10s 15.3 16.9 18.5 35.2 71.3

60s 13.7 15.2 16.6 33.3 68.7

10min Live, Conc. 11.9 13.1 14.4 31.0 65.4

60min Live, Dist. 10.6 11.7 12.8 29.3 63.0

12h 9.1 10.0 11.0 27.1 59.9

24h 8.7 9.6 10.5 26.5 59.0

1week 7.7 8.5 9.3 24.9 56.7

1month Snow 7.0 7.8 8.5 23.8 55.0

1year 6.0 6.7 7.3 22.0 52.2

beyond 1 year Dead 5.1 5.7 6.2 20.4 49.5

Load Duration Load Type

Annealed (A) 

[Clean Cut]

Annealed (A) 

[Seamed]

Annealed (A) 

[Polished]

Heat Strengthed 

(HS)  [Seamed 

& Polished]

Fully Tempered 

(FT) [Seamed & 

Polished]

3s Wind, EQ 12.3 13.6 14.9 27.2 54.3

10s 11.4 12.6 13.8 26.1 53.0

60s 10.2 11.3 12.3 24.7 51.0

10min Live, Conc. 8.8 9.7 10.7 23.0 48.6

60min Live, Dist. 7.9 8.7 9.5 21.8 46.8

12h 6.8 7.5 8.2 20.1 44.5

24h 6.5 7.1 7.8 19.7 43.8

1week 5.7 6.3 6.9 18.5 42.1

1month Snow 5.2 5.8 6.3 17.7 40.8

1year 4.5 4.9 5.4 16.4 38.8

beyond 1 year Dead 3.8 4.2 4.6 15.1 36.8

POB 1/1000 (MPa)

Allowable EdgeStress of Glass (MPa)

POB 8/1000 (MPa)

Allowable EdgeStress of Glass (MPa)
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The glass is analyzed with the Minimum Thickness per Table 4 in ASTM E1300 
 

Nominal Designation Thickness Range 

Imperial (US) SI (Metric)  Minimum (mm)  Maximum (mm) 

5/32” 4 mm 0.149” (3.78) 0.165” (4.19) 

3/16” 5 mm 0.180” (4.57) 0.199” (5.05) 

1/4" 6 mm 0.219” (5.56) 0.244” (6.20) 

5/16” 8 mm 0.292” (7.42) 0.332” (8.43) 

3/8” 10 mm 0.355” (9.02) 0.406” (10.31) 

1/2” 12 mm 0.469” (11.91) 0.531” (13.49) 

5/8” 16 mm 0.595” (15.09) 0.656” (16.66) 

3/4” 19 mm 0.719” (18.26) 0.781” (19.84) 

Note: Table for reference only 

7.3. SGP Interlayer (Sentry Glass) 

Thickness = 0.060" 
 

Temp 

(°C) 

Temp 

(°F) 
Load 

Duration 
Load 
Type 

Young's Modulus 
(psi) 

Poisson's 
Ratio 

24 75 1 month Snow 31473 0.48 

50 122 3 sec wind 11429 0.493 

50 122 10 min Live, conc 2538 0.497 

50 122 1 hour Live, dist 1827 0.499 

50 122 10 years Dead 870 0.499 

 
 
 
 

7.4.  Loads and Load combinations 

 

1. DL  =  7psf (does not govern)    

2. DL + SL*  =  44psf (does not govern)    

3. DL + LL concentrated  =  7psf + 300lb     

4. DL + 0.6WLp  =  34psf (does not govern)    

5. DL + 0.45WLp + 0.75SL*  =  55psf     

6. DL + 0.45WLp + 0.75LL concentrated  =     27psf + 225lb     

7. 0.6DL + 0.6WLn  =  23psf     

 
 
 
 
 
 
 
 
 

87



Mitchell Domes Glazing By: BJJ 
Milwaukee, WI August 29, 2019 
Prelim. Design Loads and Glass Calculation Page 23 of 29 
2019-048 Rev. 0 

  

 

7.5. Glass Panel Geometry 

 

 
 
Glass Composition used in calculation 

1.) 3/16” Heat Strengthened Glass 
2.) 0.060” SGP Interlayer 
3.) 3/16” Heat Strengthened Glass 

 

• The graphical output for the most critical load combinations will be shown.  Further output is available upon 
request.  

• The tabular Mepla input/output included below reflects the glass panel with highest stress utilization of all panels 
and load combinations considered.  Further output is available upon request. 
 

7.6. Panel 1, load case 3 graphical results 

             
Stress: 18Mpa < 23Mpa, OK                    Deflection: 3mm < L/100 = 12mm, OK 
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7.7. Panel 1, load case 5 graphical results 

                
Stress: 8Mpa < 27Mpa, OK                    Deflection: 2mm, OK 
 

7.8. Panel 1, load case 6 graphical results 

           
Stress: 14Mpa < 27Mpa, OK                    Deflection: 2mm, OK 
 

7.9. Panel 1, load case 7 graphical results 

             
Stress: 17Mpa < 27Mpa, OK                     Deflection: 14mm < L/100 = 16mm, OK 
 
 
 
 
 
 
 
 
 
 
 

89



Mitchell Domes Glazing By: BJJ 
Milwaukee, WI August 29, 2019 
Prelim. Design Loads and Glass Calculation Page 25 of 29 
2019-048 Rev. 0 

  

 

7.10. Panel 1, load case 3 (governing case) tabular results 

Project: 2019-048 ZSL MKE Domes (WI) - Panel 1 - panel 1_LC3_DL+300lb       

           
SJ MEPLA Calculation protocol:        
           
Geometry:          
    Edge         Borderpoint           Arccenter   Direction of rotation    
    ____________mm________mm________mm________mm_____________+/-______    
       1     86.00      0.00        
       2   1692.00      0.00        
       3   1728.00     70.00        
       4    944.00   1162.00        
       5    834.00   1162.00        
       6     50.00     70.00        
           
Supports:          
           
  Edge supports:          
    Edge______Type of supports__________________________________    
     1        w        : fixed - u,v,φ,θ : free (simply supported)    
     2        w        : fixed - u,v,φ,θ : free (simply supported)    
     3        w        : fixed - u,v,φ,θ : free (simply supported)    
     4        w        : fixed - u,v,φ,θ : free (simply supported)    
     5        w        : fixed - u,v,φ,θ : free (simply supported)    
     6        w        : fixed - u,v,φ,θ : free (simply supported)    
           
  Spring supports:         
    Package Layer    x       y       z          C_x         C_y         C_z        C_φ        C_θ 

    ________________mm______mm______mm_________N/mm________N/mm________N/mm________Nmm________Nmm 

    1     1       86.0     0.0     0.0   1.000e+000  1.000e+000  0.000e+000  0.00e+000  0.00e+000 

    1     1     1692.0     0.0     0.0   0.000e+000  1.000e+000  0.000e+000  0.00e+000  0.00e+000 

           
Layers:           
           
  Layer order:          
    Package___Layer___Description_______       
    1          3      Heat Strengthened Glass       
    1          2      SGP 50 C° - 10 min       
    1          1      Heat Strengthened Glass       
           
  Mechanical properties:         
    Package  Layer   E-mod.      ν Thickness     Density          αt     ΔT   
    _________________N/mm²________________mm_______kg/m³_________1/K______K_   
    1      3      70000.00    0.23      4.57     2550.00 1.0000e-005   0.00   
    1      2         17.50    0.50      1.50      950.00 1.5000e-005   0.00   
    1      1      70000.00    0.23      4.57     2550.00 1.0000e-005   0.00   
           
           
Loads:           
           
  Concentrated loads:         
    Package       x        y        Fx       Fy       Fz        lx       ly   
    _____________mm_______mm_________N________N________N________mm_______mm_   
        1    889.00   410.00      0.00     0.00 -1334.00    304.00   304.00   
           
  Face loads:          
    - constant distributed:        
    Package     pressure         
    _______________N/mm²_         
    1      -3.35162e-004         90
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Calculation approaches:         
    large deflections, non-linear, (transversal to the plane surface)    
    static calculation         
           
Characteristics of the finite element mesh:       
    Element size            :  50.0 mm       
    Number of elements      : 496        
    Number of nodes         : 2073 (per package)      
    Number of unknown       : 18481        
           
           
Calculation results:         
           
  Minimum and maximum displacements w:       
                 - Position-   Displacement       
    Package       x        y        w       
    _____________mm_______mm_______mm______       
    1        889.37   435.89    -3.34 (min)       
              86.00     0.00     0.00 (max)       
           
  Maximum principal stress:        
    Package Layer               x        y         σ         σ (max)    
    ___________________________mm_______mm_______N/mm²_______N/mm²_    
    1       3  (top)       837.18  1157.29        5.95        5.97            
               (bottom)    895.53   410.52        5.97           
    1       1  (top)       837.18  1157.29        5.90       17.96            
               (bottom)    883.11   390.90       17.96           
           
This protocol was created using SJ MEPLA. Copyright 2000-2015 by SJ Software GmbH Aachen, Germany. 
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8. Glass Quality 

 
The quality of the glass is of paramount influence on the plants in a horticultural conservatory. All plants are ideally 
exposed to the natural sunlight and atmosphere. But many plants in the Mitchell Park Conservatory have their original 
habitat in other parts of the world, which makes it necessary to create an artificial climate that is appropriate for the 
types of plants in each particular dome. A glazed enclosure is therefore a necessary way to create such an appropriate 
climate. Natural sunlight is, however, essential for all plants. 
 
The least decrease of quality of the natural sunlight would be achieved with so-called “water-white” glass, or low-iron 
glass. As to the interlayer of laminated glass, an ionoplast interlayer, like SentryGlas®, would absorb the least amount 
of the radiation which is important for the photosynthesis.  
 
However, to control the heat in summer within the glass enclosure it is essential to apply a low-e coating onto the 
glass. Is a low-e coating hurting the plants and their well-being? 
 

 
 
The following article is an example of literature about low-e coating suitable for greenhouses. It is not meant to 
recommend the Pilkington Product. The selection of the low-e coating for the new glazing should include horticultural 
experts. 
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8.1. Technical Bulletin ATS-1482013-01-14 

 
Pilkington North America, Inc.811 Madison Avenue,  Toledo,  Ohio  43604-5684 
Telephone  800 221 0444Fax  419 247 451 
 
Plant Growth behind PilkingtonEnergy Advantage™ Low-E Glass and PilkingtonSolar E™ Solar Control Low-E 
Glass 
 
Summary 

 
The question is often asked: will the growth of plants within a house will be adversely affected by glazing the 
window units with a low emissivity (low-e) coated glass? A healthy plant that flourishes behind glass is the result 
of many variables, including: the type of plant, necessary wavelengths of light for plant growth, the percentage 
of light transmittance through the glazing unit at each specific wavelength and the internal room temperature 
and humidity where the plant is located. Solar radiant energy in the form of visible light will act as a source of 
fuel for the internal food factory of a green plant.  Through photosynthesis, plants use this visible light to change 
carbon dioxide and water into the simple sugars and starches they use for food, giving off oxygen in the process. 
A green plant does not use all the light that is available to it for growth, however.  Although natural sunlight 
appears white, it is actually composed of separate wavelengths, each with its own color: red, orange, yellow, 
green, blue and violet.  Plants will use some wavelengths more than they use others. In most plants, green 
wavelengths are merely reflected, causing the plants to appear green to us.  The influence of the invisible infrared 
(IR) energy on plant growth is still unclear.  Ultraviolet (UV) radiation is generally harmful to seedlings or younger 
indoor plants; although some data suggest that the longer ultraviolet wavelengths can slightly stimulate 
photosynthesis if visible light is also present in the correct proportions.  Most of the important photochemical 
processes in a plant use the blue and red areas of the visible spectrum to best promote growth.  Red light, for 
example, stimulates stem and leaf growth, while blue light regulates plant enzyme and respiratory processes 
and encourages low, stocky growth and dark green leaves.  Providing your plants with the right balance of red 
and blue light is key to successful indoor plant growth. 
 
Therefore, plants will grow best behind a glazing having a neutral daylight transmittance without a strong color.  
The visible light transmittance through a 3 mm double glazed clear insulated glass unit is 81%.The size of the 
window and controlling the distance from the plant to the window are key variables in regulating indoor plant 
growth. Low-E coatings are designed to transmit visible light and to reflect far IR (around 10 nm wavelength).  
Clear glass is totally opaque to far IR so the presence or not of a low-e coating has little effect on the direct 
radiant energy transmission.  A double-insulating glass unit of: Clear / air / Pilkington EnergyAdvantage™Low-
E Glass, will transmit 75% of the visible light that is available from the sun.  Therefore, there is only a 7% 
reduction in visible light transmittance for the Pilkington EnergyAdvantage™ Low-E Glass option. A double-
glazed unit with Pilkington Solar-E™Solar Control Low-E / air / Clear insulated will transmit 59% of the visible 
light that is available from the sun. The total amount of light received by a plant is important.  Some plant types 
grow best in total shade with no direct solar radiation, while others prefer full sunlight.  The hours of daylight, 
window size and degree of shading, as well as the daylight transmission of the glass will determine the total 
amount of light available for plant growth.  All of these factors should be considered when growing plants indoors.  
 
“Ultraviolet radiation is generally harmful to plants...”*therefore a glazing having low UV transmittance can be 
desirable.  A comparison between the 3 mm glazing options noted above shows UV transmittance values of 
57% for the double glaze clear unit, 45% for the double glaze unit with Pilkington EnergyAdvantage™ Low-E, 
and 38% for the unit with Pilkington Solar-E™ Solar Control Low-E Glass. Finally, most plants grow ideally in 
indoor temperatures between 65 and 75°F (18 and 24°C).  Window units glazed with low-e coated glass will 
certainly keep plants warmer than windows with plain glass during winter nighttime, with less need for heating 
energy supplied by the home furnace. Research into plant growth behind low-e glazing conducted at the 
Massachusetts Institute of Technology (MIT) concluded:"...neutral-colored...low-e products do not seriously 
influence yields, plant health, or growth rates if the plants are kept near room temperature"*.* Johnson, Timothy 
E.,“Low-E Glazing Design Guide,” Butterworth Architecture 1991. 

 

8.2. Recommendation: 

The new glass should be coated with a low-e coating, in order to reduce the cooling load in summer. It helps also with 
heat loss in winter by reflecting the infrared radiation. The exact specification of the low-e coating should be 
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determined together with experienced horticulturalists, to make sure the glass is transparent enough for the part of the 
spectrum that activates plant growth. 
 

 
 
The specified coating should have maximum transparency for “Photosynthetically active radiation”, and should be 
reflective for the longer wavelengths on the infrared side of the spectrum” 

 
 
 

Reflective coating 

94



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13. APPENDIX B: FIELD NOTES 
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14. APPENDIX C: COST ESTIMATE DETAIL 
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Cost Type Amount

Eng. 427,000$     

Matl's 393,000$     

Fab. 103,000$      

Glass (Base) 1,175,000$    

Crane 550,000$     

Scaffolding 1,750,000$   

Installation 825,000$     

Other ** 1,069,000$  

Total: 6,292,000$    

Total for 3 Domes: 18,876,000$  

** Other category consists of Taxes, Warranty, Profit, Overhead, Shipping, Dumpsters, Die Costs…..etc.

Eng.
7%

Matl's
6%

Fab.
1%

Glass (Base)
19%

Crane
9%

Scaffolding
28%

Installation
13%

Other **
17%

Mitchell Park Domes - Concept #1 
Alum. Rafter Top - Flush Glazed

November 5, 2019
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Cost Type Amount

Eng. 437,000$      

Matl's 407,000$      

Fab. 135,000$       

Glass (Base) 1,175,000$    

Crane 550,000$      

Scaffolding 1,750,000$    

Installation 755,000$      

Other ** 1,073,000$    

Total: 6,282,000$     

Total for 3 Domes: 18,846,000$   

** Other category consists of Taxes, Warranty, Profit, Overhead, Shipping, Dumpsters, Die Costs…..etc.

Eng.
7%

Matl's
6%

Fab.
2%

Glass (Base)
19%

Crane
9%

Scaffolding
28%

Installation
12%

Other **
17%

Mitchell Park Domes - Concept #2 
Silicone Rafter Top w/ Pressure Plate (Dry-Glaze)

November 5, 2019
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Cost Type Amount

Eng. 445,000$     

Matl's 478,000$     

Fab. 132,000$      

Glass (Base) 1,175,000$    

Crane 550,000$     

Scaffolding 1,750,000$   

Installation 850,000$     

Other ** 1,120,000$    

Total: 6,500,000$   

Total for 3 Domes: 19,500,000$  

** Other category consists of Taxes, Warranty, Profit, Overhead, Shipping, Dumpsters, Die Costs…..etc.

Eng.
7%

Matl's
7%

Fab.
2%

Glass (Base)
18%

Crane
9%

Scaffolding
27%

Installation
13%

Other **
17%

Mitchell Park Domes - Concept #3
Alum. Rafter Top - Flush Glazed w/Pressure Plates

November 05, 2019
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15. APPENDIX D CONSTRUCTION PLAN SKETCHES 

 

115



�����������	�
�����������������������
��������������������� !"#$�"%&'(&)*+",-./"01-2� !$"%�3-1"��"4(5&6*+"7 89":;.."7 8"3 �<"*"=�1�"%1�..->"?4(5�//@-�AB�@-C"&((D"E;�1 $$-1@F�;!�-13- $<�C":;..&6*+"G /�"H�I ;@"?'6(5AF1�!-"F�=�2 �>"��"&6*+"J"'9(K6".8@ &(L4L)(&4% �.- G /�"�.�!�1�M-2� N .3�;O--"P�Q-@F;@��Q-1 ,;=-1",O>P-@21 =� �! H-=.�2-"R.�@@"��!-.@P1�3!"B> %>.-1"S- <-1TUVWXYYZ�[W\U�W�U�YV�Z]V̂U�_W\U�Ẁ��àb���̂�cWU�bd_We�dW]ÙdfWV���Yg��WU�WZY�WUgWVĥYWb̂gVẀb��W]U�YV̂VZV�YWVh�W��]̂̀ �̂�ViYW�c���j��VWVUWVh�WV��jYW��[W]U�[̂V̂U�YWUgWZY�ẀZkb̂Yh�[W�Vlll_�bb]����_]Ujmennb̂gV̀b��[̂Y]b�̂j��_
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