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Executive Summary 

Existing Conditions 

450 N Street is a 24-story office building constructed in 1991 that houses the State Board of Equalization 

(BOE). The building is managed by the Department of General Services. 

The primary exterior wall system is an aluminum-framed curtain wall consisting of insulating (double-

pane) vision glass and monolithic (single-pane) spandrel glass. The vision glass consists of a tinted, heat-

strengthened outer lite with a low-e coating on the No. 2 surface, a 1/2 –inch airspace, and a clear 

annealed inner lite. 

2005 Glass Breakage and Investigation 

In 2005, McGinnis Chen Associates, Inc. was retained by DGS to investigate and report on glass breakage 

that began in 1999 and continued through 2005. Four of the seven breakages occurred in 2005, three of 

them in the month of September and all four of them on the south façade. 1 Although the McGinnis 

Chen Associates, Inc. report is not explicit, it is our understanding that the breakage was limited to 

spandrel panels. 

Although glass temperature can be high and varies substantially within a panel due to shading, cooling 

of the space behind the spandrel above ceilings and contact with thermal insulation, the McGinnis Chen 

Associates, Inc. report concluded that thermal stress alone was not the cause of breakage. Instead, the 

report concluded that thermal stress likely “…pushed some form of glass edge defect past the 

compression skin and caused the thermal break.” 

Apparently, McGinnis Chen Associates, Inc. retained Simpson Gumpertz & Heger to assist in the 2005 

investigation by measuring residual surface compressive stress (RSCS) in spandrel glass panels from the 

building.2 

2006 Repair 

The repair design by McGinnis Chen Associates, Inc. focused on removing and examining the spandrel 

glass edges for defects and then replacing them. Some small number of panels was damaged and 

replaced as part of the repair.3 Foam baffles were placed between the thermal insulation and the back 

side of spandrels at the space between the ceilings and the floors to eliminate the insulation contact. 

The firesafing and the portion of the batt insulation above the floor line remained in contact with the 

                                                           
1
 450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers, November 15, 

2005, 1 
2 

Letter dated January 30, 2012, from Thomas A. Schwartz and Stephen S. Ruggiero of Simpson Gumpertz & Heger to Jaffrey 
Martin, AIA, of McGinnis Chen Associates, Inc. 
3
 Phone conversation on May 21, 2012, between Jeff Martin and Tom Butt. 
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spandrel lites. All of the glass was wet sealed to address water intrusion issues unrelated to the spandrel 

glass failures.4 

Apparently there were other water intrusion issues in both the walls and the plaza decks in the building, 

both of which were part of the 2006 repair scope. 

January 2012 Spandrel Glass Break 

Simpson Gumpertz & Heger 

McGinnis Chen Associates, Inc. sent Simpson Gumpertz & Heger (SGH) photos and samples of the 

broken panel. SGH concluded that the most likely cause was NiS (Nickel Sulfide) impurity. SGH looked at 

projectile impact but with no information to suggest that, the likelihood was not assessed. SGH also 

rejected thermal stress and excessive bending. 

McGinnis Chen Associates, Inc. 

McGinnis Chen Associates, Inc. agreed with SGH that a Nickel Sulfide impurity was the most likely cause 

of the breakage and concluded that there is no feasible procedure for determining if such conditions 

exist in other panels. It was noted, however, that the statistical proportion of NiS failures is slightly less 

than 2% and that the failure rate significantly falls after 12 years.5 The only possible mitigation 

suggested is the application of a safety film that would cost about $400,000 for the entire building.6 

2012 Interactive Resources Investigation 

Under DGS Contract No3158936 (BPM #38), Interactive Resources was tasked to review previous 

history, conduct independent investigations and provide an opinion on the cause of glass breakage. 

Vision Glass 

In May 0f 2012, six vision glass lites on the north side of the 18th floor were reported by tenants as 

“cracked.” DGS replaced the lites in question and asked Interactive Resources to investigate. Wiss, 

Janney, Elstner, Associates, Inc., a subconsultant to Interactive Resources, determined that the reported 

“cracks” are, in fact, scratches that resulted from damage sustained during shipping, handling or 

installation. They have been in service for approximately 21 years and are not likely to sustain any 

related damage or failure in the future. There is no compelling justification for removal and replacement 

                                                           
4
 ibid 

5
 The wording of the SGH letter is not entirely clear, but we believe the intent is to opine that when a NiS problem 

occurs, it generally affects an entire batch, and one might expect 2% of lites to fail over some unspecified time 
period. 
6 Letter dated January 31, 2012, from Jeffry Martin, P.E., of McGinnis Chen Associates, Inc., to Joan M. Armstrong 

of DGS. 
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of the six lites or others that have similar characteristics. If additional lites with surface defects are 

discovered, they can be individually examined to determine if the same prognosis is appropriate. (See 

Exhibit 7). 

Spandrel Glass 

Wiss, Janney, Elstner, Associates, Inc., a subconsultant to Interactive Resources, determined that the 

previously described potential causes of breakage, including mechanical damage, thermal stress, NiS 

inclusion and wind could very well be the cause of the January 2012 breakage, none can be confirmed 

based on the evidence, and none appears to be more likely than another.  

Conclusions and Mitigations 

While applying a safety film or replacing the spandrel lites with new laminated glass may not reduce the 

chance of future breakage, both will mitigate the risk of post breakage fall out. Both also have significant 

costs and potential downside consequences. 

The risk of future breakage of the existing glass is both low and consistent with risks in typical buildings 

of the same age and design. The only way to eliminate fallout risk would be to replace the glass with 

laminated glass or apply a safety film. (See Exhibit 8). 

Externally applied safety film has a limited lifetime applied to the exterior and a limited warranty period, 

if available at all. Application to the interior would be tedious, expensive and intrusive. 

Replacement with new  glass would also be expensive and may still result in some rate of breakage, 

which could be mitigated by using laminated glass or glass with a safety film pre-applied to the back 

side. 

Introduction 

1991 Original Construction 

The building at 450 N Street was constructed in 1991.  Key participants included:7 

 Architect:   Dreyfus Blackford Architects 

 Curtain Wall Consultant: Eschbach Company, Inc. 

 General Contractor:   Hensel Phelps Construction Co. 

 Glazing Subcontractor:  Architectural Glass & Aluminum (AG&A) 

 Curtain Wall Manufacturer: Kawneer 

 Glass Supplier:   Tempglass Eastern, Inc. 

                                                           
7
 450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers, 

November 15, 2005, 1 
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Existing Conditions 

The building curtain wall system is a Kawneer 1600 series. There is a gold-colored aluminum trim piece 

that sits outboard of the spandrel panels and spans between mullions. The vision glass is a double pane 

Insulated Glass Unit (IGU), and the spandrels are single pane heat strengthened glass with a ceramic frit 

on the backside.8,9 

2005 Investigation 

In 2005, McGinnis Chen Associates, Inc. was retained by DGS to investigate and report on glass breakage 

that began in 1999 and continued through 2005. Four of the seven breakages occurred in 2005, three of 

them in the month of September and all four of them on the south façade. 10 Although the McGinnis 

Chen Associates, Inc. report is not explicit, it is our understanding that the breakage was limited to 

spandrel panels. 

Although glass temperature can be high and varies substantially within a panel due to shading, cooling 

of the space behind the spandrel above ceilings and contact with thermal insulation, the McGinnis Chen 

Associates, Inc. report concluded that thermal stress alone was not the cause of breakage. Instead, the 

report concluded that thermal stress likely “…pushed some form of glass edge defect past the 

compression skin and caused the thermal break.” 

Apparently, McGinnis Chen retained Simpson Gumpertz & Heger to assist in the 2005 investigation by 

measuring residual surface compressive stress (RSCS) in spandrel glass panels from the building.11 

2006 Repair 

The repair design by McGinnis Chen Associates, Inc. focused on removing examining the spandrel glass 

edges for defects and then replacing them. Some small number of panels was damaged and replaced as 

part of the repair.12 Foam baffles were placed between the thermal insulation and the back side of 

spandrels at the space between the ceilings and the floors to eliminate the insulation contact. All of the 

glass was wet sealed to address water intrusion issues unrelated to the spandrel glass failures.13 

                                                           
8
 450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers, 

November 15, 2005, 2 
9
 While not relevant to the future of the building, it is interesting in hindsight that the Architect’s original spec 

appears to have been to use laminated glass for the spandrels, which would have mitigated all the fallout issues. 
Somewhere along the construction process it must’ve been value engineered to monolithic glass. 
10

 450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers, 
November 15, 2005, 1 
11 

Letter dated January 30, 2012, from Thomas A. Schwartz and Stephen S. Ruggiero of Simpson Gumpertz & Heger 
to Jaffrey Martin, AIA, of McGinnis Chen Associates, Inc. 
12

 Phone conversation on May 21, 2012, between Jeff Martin and Tom Butt. 
13

 ibid 
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Apparently there were other water intrusion issues in both the walls and the plaza decks in the building, 

both of which were part of the 2006 repair scope. 

January 2012 Spandrel Break 

Simpson Gumpertz & Heger 

McGinnis Chen Associates, Inc. sent Simpson Gumpertz & Heger (SGH) photos and samples of the 

broken panel. SGH concluded that the most likely cause was NiS (Nickel Sulfide) impurity. SGH looked at 

projectile impact but with no information to suggest that, the likelihood was not assessed. SGH also 

rejected thermal stress and excessive bending. 

McGinnis Chen Associates, Inc. 

McGinnis Chen Associates, Inc. agreed with SGH that a Nickel Sulfide impurity was the most likely cause 

of the breakage and concluded that there is no feasible procedure for determining if such conditions 

exist in other panels. It was noted, however, that the statistical proportion of NiS failures is slightly less 

than 2% and that the failure rate significantly falls after 12 years. The only possible mitigation suggested 

is the application of a safety film that would cost about $400,000 for the entire building.14 

2012 Interactive Resources Investigation 

Assignment and Scope of Services 

Under DGS Contract No3158936 (BPM #38), Interactive Resources was tasked to provide: 

…a second opinion as to the cause of the spontaneous spandrel glass break last month, as well as 

recommendations to remediation of the problem.15 

Specifically, the Scope of Services included the following:16 

Contractor shall provide labor, equipment and materials required to conduct a thorough forensic 

investigation as to cause of incident on Wednesday, January 11, 2011, at 10:30 a.m. in the 

morning when spandrel glass window pane between the 8
th

 and 9
th

 floors broke spontaneously 

and fell onto the sidewalk below the Board of Equalization Building (028) located at 450 N Street, 

Sacramento, CA 95814. 

Contractor shall provide the following services: 

                                                           
14 Letter dated January 31, 2012, from Jeffry Martin, P.E., of McGinnis Chen Associates, Inc., to Joan M. Armstrong 

of DGS. 
15

 Letter dated February 12, 2012 from Cindy Kawano to Tom Butt 
16

 Agreement dated April 9, 2012, between State of California Department of General Services, Real Estate 
Division, and Interactive Resources, Inc. 
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1. Project management – to include planning, oversight, coordination, scope development and 

logistics. 

2. Review available project documents and reports – original construction, shop drawings, 

submittals, reports and repair documents. 

3. On-site visits and inspections – observe the recently broken lie and document the breakage 

pattern/conditions and framing conditions, original construction and glazing (if any exists) 

and 2006 repair construction and glazing. 

4. Testing – participate in façade drops and surface compressive strength stress (pre-stress of 

the heat-strengthened glass) at the broken lie and selected other locations. Laboratory 

testing. 

5. Subcontractor to rig and operate swing stage for exterior access to the inspection area(s). 

6. Peer reviews – as needed. 

7. Report – written report (three copies) of findings and recommendations for mitigation 

measures, further investigation and alternative materials. 

8. Meetings – attend start-up and follow-up meetings with the State, as needed. 

Scope Expansion 

On May 8, Lisa Lambeth requested that the investigation scope be expanded to cover the scratched 

vision lites. 

Project Team and DGS Project Manager 

Interactive Resources assembled a team for the project that included: 

Building Manager and DGS Contact 

Lisa Lambeth, Building Manager 
Ben Ruedger, Access Manager 
1616 Capitol Avenue, Suite 74.149 
Sacramento, CA. 95814 
Phone (916) 445-1076 
Cell     (916) 869-1702 
Fax     (916) 445-1077 
Lisa.Lambeth@dgs.ca.gov 
 
Project Manager 
Tom Butt, FAIA, LEED BD+C 
Interactive Resources 
Architects and Engineers 
117 Park Place 
Point Richmond, CA  94801 
Phone:  510.236.7435 
Cell: 510-220-1577 
Fax:  510.232.5325 

mailto:Lisa.Lambeth@dgs.ca.gov
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E-mail:  tom.butt@intres.com 
Interactive Resources Website:  www.intres.com 
 
Glazing Consultant 
David Green, AIA            
Senior Associate         
Wiss, Janney, Elstner Associates, Inc.   
Engineers | Architects | Materials Scientists  
2000 Powell Street, Emeryville, CA 94608 
tel 510.428.2907 
direct 510.450.5540 
fax 510.428.0456 
www.wje.com  
dgreen@wje.com 
 
Swing Stage Contractor 
Jim Stine 
4 Wayne Court Building #9 
Sacramento, CA 95829 
Phone: (916) 379-0010 
Fax: (916) 379-0030 
jim.stine@fdthomas.com 
 
Glazing Contractor 
Pete Bol 
Bagatelus Architectural Glass 
2750 Redding Avenue 
Sacramento, CA 95820 
916/364-3600 
pbol@bagatelos.com    
www.bagatelus.com  
 
Peer Reviewer 
A. William Lingnell, P. E.  
Lingnell Consulting Services 
Engineering Consultant 
1270 Shores Court 
Rockwall, Texas 75087 
Phone: (972) 771-1600 
Fax: (972) 771-0354 
Cell: (972) 567-2484 
E-mail: lingnell@swbell.net  
 

mailto:tom.butt@intres.com
http://www.intres.com/
http://www.wje.com/
mailto:dgreen@wje.com
mailto:jim.stine@fdthomas.com
mailto:pbol@bagatelos.com
http://www.bagatelus.com/
mailto:lingnell@swbell.net


 

 

Board of Equalization Building, 450 N Street, Sacramento, CA 95814, Forensic Analysis – Glass Breakage, 
Interactive Resources Project No. 2011-099-01, IDGS Contract No. 3158936 (BPM #028) 

 

Page 11 of 25 
 

 

Field Work 

On May 2, 2012, Andy Weber of WJE went to Sacramento to observe vision lite replacement that failed 

to occur. Tom Butt was en route but turned around when it was determined the replacement would not 

occur. 

Tom Butt and David Green spent the day of May 8, 2012, at the site observing: 

 Remains of the broken lite that was removed in January 0f 2012. 

 The location of the January 2012 break. 

 Locations of reported vision glass cracks on the 18rd floor. 

On May 18, 2012, David Green of WJE observed the removal of the reportedly cracked lites. 

Documents Reviewed 

 Section 08800, Glass and Glazing, Capital Square Specifications, November 5, 1990, Dreyfuss & 

Blackford, Architects 

 450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects 

Engineers, November 15, 2005 

 Drawings, 450 N Street Curtainwall and Balcony Remediation, April 19, 2006, (JR Roberts As-

Builts), McGinnis Chen Associates, Inc. 

 Specification Section 08800, Curtain Wall and Balcony Remediation, March 16, 2006, McGinnis 

Chen Associates, Inc. 

 Letter dated January 30, 2012, from Thomas A. Schwartz and Stephen S. Ruggiero of Simpson 

Gumpertz & Heger to Jeffrey Martin, AIA, of McGinnis Chen Associates, Inc. 

 Letter dated January 31, 2012, from Jeffry Martin, P.E., of McGinnis Chen Associates, Inc., to 

Joan M. Armstrong of DGS. 

Documents requested but unavailable include the remainder of the design and construction files form 

the 2005 investigation and 2006 repair. 

Photos 

All annotated photos are included in the Exhibits. Selected photos appear in the text. 

Vision Lite Investigation by Interactive Resources 

Interactive Resources retained Wiss, Janney, Elstner Associates, Inc., to assist in the investigation of 

reported vision lite abnormalities. David Green, AIA, conducted the field work and prepared the report 

in Exhibit 7. 
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In our opinion, the abnormalities that were originally reported as fractures are, in fact, surface 

scratches, some of which date from the time of the original fabrication, and some of which may have 

occurred during shipping, handling or installation. The scratches do not pose a safety threat and do not 

provide a compelling justification for replacement. 

The scratches observed on the lites in question were all on the surface of the glass, and were not 

cracks through the body of the glass. All the lites except Lite #4 have scratches which continue 

beyond the edge of the normally exposed area of the lite, indicating that the scratches occurred 

during or prior to installation. At the lites that were removed, the scratches correlate with areas 

of edge damage. It appears that the scratches and edge damage (chips) were caused by the same 

event during shipping, handling, or installation. These lites with scratches have been in service 

for 21 years, without any incidents of breakage of the inner lites of the vision glass units. We are 

not aware of any reports of broken inner lites of vision glass in the history of the building.  

We offer the following comments regarding the influence of the observed scratches on the 

likelihood of future breakage:  

Thermal Stress Breakage. The presence of flaws, particularly edge flaws, makes glass more 

susceptible to thermal stress breakage. However, systemic thermal stress breakage problems 

typically manifest themselves within 2 to 3 years of installation, as the building experiences a 

range of temperature conditions. Having now undergone more than 20 years of thermal cycling, 

it is likely that future temperature conditions will be no more adverse than those already 

experienced, making future thermal stress breakage unlikely at this point.  

Wind Load Breakage. Any given lite of glass on the building may not yet have experienced its full 

design wind load during its life thus far. However, we have calculated the design wind load on 

the glass per the current California Building Code, and have determined by calculation per ASTM 

E1300 that the heat-strengthened outer lite alone is sufficient to withstand the design wind load. 

Even if one of the inner lites were to break, the risk of a subsequent breakage of the outer lite is 

low. Furthermore, visible flaws, such as the documented scratches, do not necessarily limit the 

ability of the glass to resist wind loads, especially if these flaws occur outside of the high stress 

regions of the glass (which is the case for Lite #1 through #3 and Lite #5).  

Finally, with either breakage scenario, the lites in question are the inner lite of the IGU and they 

are made of annealed glass. Therefore, in the unlikely event they were to break, they would not 

pose a safety threat to passers-by below and the crack pattern would be such that the glass 

fragments would likely stay in the opening.  

Based on the successful service history and minimal risks going forward, in general we do not 

believe there is a compelling justification for the removal and replacement of these six lites. If 

additional lites with surface or edge damage are brought to DGS’s attention, WJE is available to 

review them to determine if a similar prognosis is appropriate.
17

 

                                                           
17

 Letter dated May 31, 2012, from David Green to Tom Butt (Exhibit 7) 
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Spandrel Panel Investigation by Interactive Resources 

Interactive Resources retained Wiss, Janney, Elstner Associates, Inc., to assist in the investigation of 

reported vision lite abnormalities. David Green, AIA, conducted the field work and prepared the report 

in Exhibit 8. 

Wiss, Janney, Elstner, Associates, Inc., a subconsultant to Interactive Resources, determined that the 

previously described potential causes of breakage, including mechanical damage, thermal stress, NiS 

inclusion and wind are all potential causes of the January 2012 breakage, but none can be confirmed 

based on the evidence, and none appears to be more likely than another.  

While applying a safety film or replacing the spandrel lites with new laminated glass may not reduce the 

chance of future breakage, both will mitigate the risk of post breakage fall out. Both also have significant 

costs and potential downside consequences. 

The risk of future breakage of the existing glass  is both low and consistent with risks in typical buildings 

of the same age and design. The only way to eliminate fallout risk would be to replace the glass with 

laminated glass or apply a safety film. (See Exhibit 8). 

Externally applied safety film has a limited lifetime applied to the exterior and a limited warranty period, 

if a warranty is even available. Application to the interior would be tedious, expensive and intrusive. 

Replacement with new glass would also be expensive and may result in some rate of breakage, which 

could be mitigated by using laminated glass or glass with a safety film pre-applied to the back side. 

Considering the limited number of breaks overall, and the long duration between this recent 

break and the previous occurrences, at this time there does not appear to be a systemic 

breakage problem. Given the age of the original and replacement glass, the time period during 

which thermal stress or NiS-related failures might typically be anticipated has passed. While 

there can be no guarantee that future breakage will not occur, in our opinion, the risk of future 

breakage is more or less the same as the breakage risk in any other high-rise building of similar 

age with heat strengthened spandrel glass. Consequently, no extensive mitigation measures are 

necessary if ownership accepts the risks common to similar heat strengthened spandrel glass in 

similar vintage high-rise curtain walls.  

If the above-described risk is acceptable to DGS, as an additional precaution, they might consider 

monitoring the spandrel glass for a period of time. A monitoring program might consist of a 

binocular survey on a regular schedule of decreasing frequency.  

The only way to preclude future spandrel glass fallout is to replace the glass with laminated or 

safety-filmed lites or to apply a safety film to the existing lites. As stated above, with any 



 

 

Board of Equalization Building, 450 N Street, Sacramento, CA 95814, Forensic Analysis – Glass Breakage, 
Interactive Resources Project No. 2011-099-01, IDGS Contract No. 3158936 (BPM #028) 

 

Page 14 of 25 
 

 

replacement scenario, some breakage will likely occur, but with lamination or film application, 

fallout risk would be virtually eliminated.
18

  

Peer Review 

Peer reviewer Bill Lingnell had no comments that would change the conclusions of the report. His 

comments included the following: 

 It is unfortunate that clear evidence of the points of origin of any of the breaks was not 

preserved and available for detailed evaluation. For this reason, none of the investigations was 

able to identify a point of fracture origin and therefore a clear cause of breakage. If future 

breakage occurs, an effort should be made to identify and preserve the fracture origin area for 

further examination. Lingnell provided a detailed protocol for preserving evidence of the initial 

break location. This information should be made available to building management staff and 

referenced in the case of any future breakage. 

 Lingnell provided an additional detailed description of breakage from nickel sulfide inclusions. 

 Lingnell had additional comments about the use of laminated glass or safety film as a mitigation 

and noted that safety film would preserve the fracture origin.  

The peer review documents are in Exhibit 10. 

Preparation and Limitations  

Limitations 

The services of Interactive Resources are provided in a manner we believe to be consistent with the 

prevailing standard of care. This report is neither comprehensive nor exhaustive and is based on limited 

observations of the project, limited exploratory demolition, review of documents cited and discussions 

with individuals listed. The information is for the exclusive use of the client to whom this is addressed.  

Interactive Resources does not warrant or guarantee the performance of any in-place or future 

construction on this project, whether or not it incorporates any of the recommendations contained 

herein. 

Preparation 

This report was prepared by Thomas K. Butt, FAIA, LEED BP+C with assistance from David Green, AIA, 

and peer review by William Lingnell. 
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Exhibit 1 – Section 08800, Glass and Glazing, Capital Square 

Specifications, November 5, 1991, Dreyfuss & Blackford, Architects 
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Exhibit 2 – 450 N Street, Emergency Survey Investigation Report, McGinnis 

Chen Associates LLP, Architects Engineers, November 15, 2005 
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Exhibit 3 – Drawings, 450 N Street Curtainwall and Balcony Remediation, 

April 19, 2006, (JR Roberts As-Builts), McGinnis Chen Associates, Inc. 
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Exhibit 4 – Specification Section 08800, Curtain Wall and Balcony 

Remediation, March 16, 2006, McGinnis Chen Architects, Inc. 
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Exhibit 5 – Letter dated January 30, 2012, from Thomas A. Schwartz and 

Stephen S. Ruggiero of Simpson Gumpertz & Heger to Jaffrey Martin, AIA, 

of McGinnis Chen Associates, Inc. 
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Exhibit 6 – Letter dated January 31, 2012, from Jeffry Martin, P.E., of 

McGinnis Chen Associates, Inc., to Joan M. Armstrong of DGS. 
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Exhibit 7 – Vision Glass Letter Report dated May 31, 2012, from David 

Green, AIA, of Wiss, Janney, Elstner Associates, Inc.



   Wiss, Janney, Elstner Associates, Inc. 

2000 Powell Street, Suite 1650 

Emeryville, California 94608 

510.428.2907 tel | 510.428.0456 fax 

www.wje.com 

Headquarters & Laboratories–Northbrook, Illinois 

Atlanta | Austin | Boston | Chicago | Cleveland | Dallas | Denver | Detroit | Honolulu | Houston 

Los Angeles | Minneapolis | New Haven | New York | Princeton | San Francisco | Seattle | Washington, DC 

Via Email: tom.butt@intres.com 

 

 

May 31, 2012 

 

 

Mr. Tom Butt, FAIA 

Interactive Resources 

117 Park Place 

Point Richmond, California 94801 

 

Re: 450 N Street, Sacramento, California 

Vision Glass Scratches 

WJE No. 2012.0947 

 

Dear Mr. Butt: 

 

This report documents the investigation and findings of Wiss, Janney, Elstner Associates, Inc. (WJE) with 

respect to the scratched vision glass at 450 N Street in Sacramento, California. 

 

Background 

The 450 N Street building is a 24-story office tower constructed in 1991, housing the State Board of 

Equalization. The State of California Department of General Services (DGS) manages the building.  

 

The primary exterior wall system on the building is a stick-framed aluminum curtain wall system with 

insulating (double-pane) vision glass, and monolithic (single-pane) spandrel glass. The vision glass 

consists of a tinted, heat-strengthened outer lite with a low-e coating on the No. 2 surface, a 1/2 inch 

airspace, and a clear, annealed inner lite. 

 

Recently, six vision glass units at the north end of the 18th floor were reported to have cracked inner lites. 

Another consultant, McGinniss Chen Associates, reportedly investigated the lites in question and 

confirmed them to be cracked, prompting DGS to initiate replacement of the lites.  

 

WJE was asked to confirm the nature and potential cause(s) of the distress and to make recommendations 

for further investigation or action by DGS. 

 

Nomenclature 

Locations of the six inner lites (hereinafter termed Lites #1 through #6) are indicated in Figure 1.  

 

Reference is made in this report to the four surfaces of the two lites of glass in an insulating glass unit 

(IGU). These surfaces are numbered 1 through 4, from exterior to interior, per industry convention 

(Figure 2).  

 

Directions indicated (left, right) are as viewed from the interior. 
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On-Site Evaluation 

WJE visited the building on May 18, 2012, to review the reportedly cracked lites, to document the lites as 

they were removed for replacement, and to meet with building staff. We made the following observations: 

 

Lite #1, North Elevation: WJE observed this lite being removed. On this lite we observed a group of 

three scratches originating at the left edge of the glass, approximately 8 1/2 inches from the bottom left 

corner. The scratches measured approximately 1 inch, 2 1/2 inches, and 9 inches in length (Figures 3 and 

4). A fourth, perpendicular scratch intersects the upper scratch of this group, approximately 2 inches in 

from the edge. On the right side of the glass, we observed a 1 inch long scratch originating at the edge of 

the lite, approximately 11 1/2 inches from the bottom right corner with several 1/4 inch long scratches 

above and below it (Figure 5). The scratches were all on surface no. 4, the innermost surface, and 

coincided with location of glass edge damage. The outer lite was observed to have seamed edges (arrised 

corners), while the inner lite was observed to be an as-cut edge with damage at numerous locations along 

its perimeter, including chips and clamshells (Figure 6). 

 

Lite #2, North Elevation: WJE observed this lite being removed (Figure 7). On the right side of the glass, 

we observed a 1 inch long scratch on surface no. 4, originating at the edge of the lite, approximately 11 

1/2 inches from the bottom right corner. The scratch coincided with a location of edge damage. (Figures 8 

and 9) 

 

Lite #3, North Elevation: On the right side of the glass, we observed a scratch approximately 5 1/2 inches 

long on surface no. 4, originating at the edge of the lite, approximately 14 inches from the bottom right 

corner (Figures 10 and 11). The scratch continued behind the glazing gasket, beyond the normally 

exposed surface.  

 

Lite #4, North Elevation: On this lite, WJE observed a jagged, s-shaped scratch approximately 9 inches 

inches long on surface no. 4, located approximately 5 inches from the left edge and 6 inches from the 

bottom of the lite (Figure 12). This scratch did not meet a glass edge. In the central region of the scratch, 

some glass appeared to have been spalled off (i.e., the scratch edges were somewhat jagged).  

 

Lite #5, West Elevation: On this lite, WJE observed a 1 1/4 inch long scratch on surface no. 4, originating 

at the bottom edge, approximately 3 1/2 inches from the lower left corner (Figures 13 and 14). 

 

Lite #6, West Elevation: On this lite, WJE observed a scratch on surface no. 3 (inside the cavity of the 

insulating unit), indicating it has been there since the time of its fabrication. The scratch is approximately 

2 inches long and cuts across the bottom left corner of the lite. (Figures 13 and 15) 

 

The lites all had a date stamp of “91-2” indicating that they were fabricated in February of 1991. This 

confirms that these lites are original to the building, and have been in service for 21 years.  

 

Discussion and Recommendations 

The scratches observed on the lites in question were all on the surface of the glass, and were not cracks 

through the body of the glass. All the lites except Lite #4 have scratches which continue beyond the edge 

of the normally exposed area of the lite, indicating that the scratches occurred during or prior to 

installation. At the lites that were removed, the scratches correlate with areas of edge damage. It appears 

that the scratches and edge damage (chips) were caused by the same event during shipping, handling, or 

installation. These lites with scratches have been in service for 21 years, without any incidents of 
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breakage of the inner lites of the vision glass units. We are not aware of any reports of broken inner lites 

of vision glass in the history of the building. 

 

We offer the following comments regarding the influence of the observed scratches on the likelihood of 

future breakage: 

 

Thermal Stress Breakage. The presence of flaws, particularly edge flaws, makes glass more susceptible 

to thermal stress breakage. However, systemic thermal stress breakage problems typically manifest 

themselves within 2 to 3 years of installation, as the building experiences a range of temperature 

conditions. Having now undergone more than 20 years of thermal cycling, it is likely that future 

temperature conditions will be no more adverse than those already experienced, making future thermal 

stress breakage unlikely at this point. 

 

Wind Load Breakage. Any given lite of glass on the building may not yet have experienced its full design 

wind load during its life thus far. However, we have calculated the design wind load on the glass per the 

current California Building Code, and have determined by calculation per ASTM E1300
1
 that the heat-

strengthened outer lite alone is sufficient to withstand the design wind load. Even if one of the inner lites 

were to break, the risk of a subsequent breakage of the outer lite is low. Furthermore, visible flaws, such 

as the documented scratches, do not necessarily limit the ability of the glass to resist wind loads, 

especially if these flaws occur outside of the high stress regions of the glass (which is the case for Lite #1 

through #3 and Lite #5).  

 

Finally, with either breakage scenario, the lites in question are the inner lite of the IGU and they are made 

of annealed glass. Therefore, in the unlikely event they were to break, they would not pose a safety threat 

to passers-by below and the crack pattern would be such that the glass fragments would likely stay in the 

opening.  

 

Based on the successful service history and minimal risks going forward, in general we do not believe 

there is a compelling justification for the removal and replacement of these six lites. If additional lites 

with surface or edge damage are brought to DGS’s attention, WJE is available to review them to 

determine if a similar prognosis is appropriate.  

 

Please do not hesitate to contact us if you have any questions. 

 

Sincerely, 

 

WISS, JANNEY, ELSTNER ASSOCIATES, INC. 

 
David Green, AIA 

Senior Associate 

                                                 
1
 ASTM E1300 “Standard Practice for Determining Load Resistance of Glass in Buildings” is the structural design 

standard for window glass referenced in the California Building Code.  
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Figures 

 

 

Figure 1. Partial plan of 18th floor indicating locations of reportedly cracked lites.  

 

 

Figure 2. Glass surface nomenclature for double-pane insulating 

glass unit. 

 

 

 

Lite #5 

Lite #6 

Lite #1 Lite #2 Lite #3 Lite #4 
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Figure 3. Scratches on left edge of Lite #1. Photo taken after lite was 

removed from window opening. 

 

Figure 4. Scratches and edge damage on left edge of Lite #1 (same 

location as Figure 3). Photo taken after lite was removed from 

window opening.  
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Figure 6. Damage along edge of Lite #1. 

 

 

 

 

 

Figure 5. Scratches at right edge of Lite #1. Photo taken after lite 

was removed from opening. 
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Figure 8. Scratch on Lite #2. 

 

Figure 7. Removal of Lite #2. 
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Figure 9. Scratch and edge damage on Lite #2. Same location as 

shown Figure 8. 

 

 

 

 

Figure 10. Scratch on Lite #3. 
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Figure 11. Scratch on Lite #3. Same location as Figure 10. 

 

 

 

Figure 12. Scratch on Lite #4.  
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Figure 13. Lites #5 and #6 marked for removal. 

 

 

 

Figure 14. Scratch on Lite #5. 
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Figure 15. Scratch on Lite #6, occurring on inner lite, surface no. 3. 

“Tempglass Eastern” stamp is on outer lite. 
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Exhibit 8 – Spandrel Glass Letter report dated May 31, 2012, from David 

Green, AIA, of Wiss, Janney, Elstner Associates, Inc. 

  



   Wiss, Janney, Elstner Associates, Inc. 

2000 Powell Street, Suite 1650 

Emeryville, California 94608 

510.428.2907 tel | 510.428.0456 fax 

www.wje.com 

Headquarters & Laboratories–Northbrook, Illinois 

Atlanta | Austin | Boston | Chicago | Cleveland | Dallas | Denver | Detroit | Honolulu | Houston 

Los Angeles | Minneapolis | New Haven | New York | Princeton | San Francisco | Seattle | Washington, DC 

Via Email: tom.butt@intres.com 

 

 

May 31, 2012 

 

 

Mr. Tom Butt 

Interactive Resources 

117 Park Place 

Point Richmond, California 94801 

 

Re: 450 N Street, Sacramento, California 

Spandrel Glass Breakage 

WJE No. 2012.0947 

 

Dear Mr. Butt: 

 

This report documents the investigation and findings of Wiss, Janney, Elstner Associates, Inc. (WJE) with 

respect to spandrel glass breakage at 450 N Street in Sacramento, California. 

 

Background 

The 450 N Street building is a 24-story office tower constructed in 1991, housing the State Board of 

Equalization. The State of California Department of General Services (DGS) manages the building.  

 

The primary exterior wall system on the building is a stick-framed aluminum curtain wall system with 

insulating (double-pane) vision glass, and monolithic (single-pane) spandrel glass with a ceramic frit on 

its back surface to provide opacification. An overall view of the building is shown in Figure 1. 

 

The building reportedly experienced seven spandrel glass breaks between 1999 and 2005. A repair project 

in 2006 included mitigation measures to prevent spandrel breakage, and no further breaks occurred until 

January of this year, when a spandrel lite on the 9th floor, east elevation, reportedly broke spontaneously, 

prompting renewed concern. Some fragments of the lite fell to the ground while others stayed in the 

opening. The lite had already been replaced at the time we were contacted.  

 

WJE was asked to investigate the potential cause(s) of the recent glass breakage and to make 

recommendations for further investigation or for action by DGS to mitigate the risk of similar breakage in 

the future. 

 

Document Review 

WJE reviewed the following documents made available to us: 

 Report by McGinnis Chen Associates (MCA) titled “450 N Street Emergency Survey Investigation 

Report,” dated November 15, 2005. 

 Repair project drawings titled “450 N Street Curtainwall and Balcony Remediation,” dated April 19, 

2006, authored by MCA. 

 Repair project glazing specification Section 08800, dated March 16, 2006, authored by MCA. 
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 Letter-report by McGinnis Chen Associates, titled “January 11, 2012 Glass Breakage Report,” dated 

January 31, 2012. 

 Letter-report by Simpson Gumpertz & Heger (SGH), titled “Spandrel Glass Stress Measurement, 450 

N Street, Sacramento, CA,” dated January 30, 2012.  

 

Significant findings from our document review include the following: 

 

Breakage History. The seven past spandrel breaks occurred between 2001 and 2005, and were located on 

the east, west, and south elevations between floors 7 and 10. One of the breaks, occurring in September 

2005, was documented by MCA as having a fracture pattern characteristic of thermal stress breakage.  

 

Surface Stress. Measurements of residual compressive surface stress (RCSS) in spandrel glass samples, 

taken in 2006 by SGH, averaged 9,492 psi. The RCSS in a fragment of the recently broken glass was 

reported by MCA to be 7,500 psi.  

 

2006 Repair Program. In 2006 a repair program was implemented on the curtain wall system. In addition 

to various waterproofing repairs, it is our understanding that all spandrel lites were removed from their 

frames, inspected, and re-glazed. Those with questionable edge defects were replaced with new lites. It is 

not clear from the documents (nor have we been able to determine from speaking with building 

personnel) the quantity or location of replaced lites. 

 

Suspected Cause of Recent Break. SGH and MCA were not able to definitively determine the cause of 

the recent break, although they consider spontaneous breakage from deleterious nickel sulfide (NiS) 

contamination to be the most likely reason.  

 

On-Site Evaluation 

WJE visited the building on May 8, 2012, to observe in-service conditions related to the spandrel glazing, 

to review fragments of the recently broken lite, and to meet with building staff. We made the following 

observations: 

 

Glazing Conditions. The lite which was recently replaced at the 9th floor, east elevation was temporarily 

removed during our visit so that we could observe the glazing conditions, as was the lite immediately to 

its right. We made the following observations:  

 The glazing pockets were clear of obstructions, gaskets were continuous and properly seated, setting 

blocks were properly located and we did not observe any conditions which might impart undue 

mechanical stress to the glass.  

 We confirmed that a roughly 8 1/2 inch section of the inner glazing gasket is unsupported near the 

curtain wall slab-anchors because the aluminum gasket support profile is interrupted to allow for 

anchor installation (Figure 2). We believe it is unlikely, however, that this interruption causes a 

significant increase in mechanical stress in the glass. 

 Glass bite and edge clearance appeared to be adequate to prevent contact of glass with the framing. 

 Insulation at the lower half of the lite (below the floor slab) was found to be held off the glass by 

dimpled foam “egg-crate” material. The fire-safing and insulation above it, on the other hand, were 

found to be generally in contact with the back of the spandrel glass. (Figure 3) 
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 All lites (vision and spandrel) were observed to be “wet-sealed” with a fillet bead of sealant to the 

mullions at the exterior (Figure 4). This seal, installed during the 2006 repair project, would prevent 

the glass from “walking” in the glazing cavity over time and contacting the frame.  

 A decorative horizontal brass bar spans across each spandrel opening, approximately at the floor 

slab/fire-safing level (Figure 4).   

 The vertical mullions of the curtain wall framing are spliced within the spandrel openings every two 

floors. Pre-formed silicone boots were installed over these splices as part of the 2006 repairs (Figure 

4). The recently broken lite occurred at a spandrel opening that did not contain a mullion splice. 

 

Surface Stress Measurements. WJE took measurements using a grazing angle surface polarimeter 

(GASP) to determine the RCSS in the spandrel glass (Figure 5). We measured RCSS on fragments of the 

removed broken lite stored in the maintenance room, and also took in-situ measurements on the lites still 

on the building immediately to the left and right of the replacement lite. We found that the RCSS on the 

fragments of the broken lite averaged 7599 psi. Measurements on the lites to the left and right averaged 

9226 psi and 8377 psi respectively.  

 

Glass Breakage Fragments. Three large fragments of the recently broken lite that were stored in the 

building’s maintenance room were made available for our review (Figure 6). The fragments discussed in 

the MCA and SGH reports were retained by those firms and were not available for our review. The three 

available fragments yielded little relevant information. We made the following observations: 

 

 We did not find evidence of the fracture origin on any of the three fragments.  

 The crack surfaces featured a line of roughness at the center of the glass, which is indicative of heat-

strengthened glass (Figure 7).   

 We did not find any fabricator markings on the glass. It could not be determined whether the broken 

lite was one which was replaced in 2006 or if it was original to the building. 

 

Discussion and Recommendations 

Time of Breakage 

The time of breakage and the time of glass fall-out are not necessarily the same. The January 31 MCA 

report states that the glass “was reported to have broken and fallen to the ground at approximately 10:30 

am (PST) on January 11, 2012.” The report further states that “No staining was observed on the exterior 

glass surfaces indicating long-term glass breakage.” Based on the documents we reviewed, we cannot be 

certain that the initial break occurred at that same time. It may have occurred days or even weeks earlier 

and propagated slowly prior to the glass falling out on January 11th. In our opinion, the lack of “staining” 

does not preclude the possibility that the glass initially cracked some time prior to 10:30 am on January 

11th.  

  

Possible Causes of Breakage 

We did not find any evidence related to a fracture origin on the three fragments observed on site. The 

photos contained in the MCA and SGH reports indicate a series of fracture lines converging at a point 

approximately 8 to12 inches from the right edge of the lite, behind or just below the brass feature bar 

occurring at the floor line. The fragments making up the above fracture pattern were not available for our 

review. It is possible that they point to the origin of fracture.  

 



 Mr. Tom Butt 

Interactive Resources 

May 31, 2012 

Page 4 

Mechanical damage. Our review of the glazing perimeter conditions did not reveal any protrusions or 

anomalies in the glazing pocket. Furthermore, the wet-seal on the exterior perimeter of each lite keeps the 

glass from “walking” in the opening. Damage due to contact with the framing is therefore unlikely. 

Damage due to projectile impact, although unlikely given the apparent location of the fracture origin 

behind the brass bar, remains a possibility. Considering the distance above grade, only ammunition of 

some type would likely impact the subject spandrel glass with sufficient force to cause breakage. 

 

Thermal stress. As reported by MCA and SGH, and confirmed by our limited measurements on site, the 

RCSS of the spandrel glass is typically either at the high end of the current standard range for heat 

strengthened (HS) glass or in between the high end of the range for HS glass and the low end of the range 

for fully tempered (FT) glass
1
. We found that the RCSS on the fragments of the broken lite averaged 7599 

psi, which is consistent with the findings of SGH in their analysis of a fragment from the same lite. Our 

measurements of RCSS on the two lites adjacent to the one that recently broke were also consistent with 

SGH’s reported 2006 findings of a measured RCSS range from 7,509 psi to 10,970 psi.  HS glass is 

generally strong enough to resist thermal stresses in building conditions, and being at or above the high 

end of the HS RCSS range, the glass on this building should be even more resistant. Though damaged 

glass edges can significantly reduce the thermal resistance of the lite, the 2006 repair program, including 

glass replacement and wet-sealing to prevent glass from walking, should have practically eliminated the 

possibility of edge damage. For conventional dry glazed systems, thermal stress related glass failures 

typically originate at the weaker glass edges. However, the combination of a unique shading pattern from 

the brass bar and the intimate contact of the fire-safing and insulation on the backside of the glass above 

the brass bar may have created an unusually high thermal stress remote from the glass edge (closer to the 

apparent failure origin). In addition, thermal stress related failures generally manifest themselves within 

approximately the first two years after installation of the glass. Given all these factors, the probability of 

thermal stress breakage is low. 

 

NiS Inclusion. NiS inclusions typically do not lead to spontaneous breakage in HS glass with an RCSS 

complying with the current ASTM standard. However, in our experience, NiS contaminated glass within 

the RCSS range measured by SGH (i.e., RCSS values above the current allowable values in ASTM) may 

be susceptible to spontaneous breakage. Typically, NiS inclusions, when they occur, are present in an 

entire batch of glass. It is possible that the broken lites, which occurred from floors 7 to 10, all originate 

from the same batch. Nonetheless, given the breakage history on the building, and the fact that NiS 

breakage on building exteriors typically begins during the first few years after installation and tapers off 

thereafter, the probability of NiS-induced breakage is low. 

 

Wind Load. We researched local wind conditions reported by the National Oceanic and Atmospheric 

Association (NOAA) for date of the recent breakage and six prior weeks and found no significant wind 

events. We concur with the conclusion in the SGH letter that it is unlikely that glass breakage occurred as 

a result of wind load.  

 

To summarize the above, none of the possible causes of the recent break are very likely, but at the same 

time, none can be definitively precluded.  

 

                                                 
1
 ASTM Standard C1048 “Standard Specification for Heat-Treated Flat Glass - Kind HS, Kind FT Coated and 

Uncoated Glass” requires a RCSS between 3,500 and 7,500 psi for HS glass and a minimum RCSS of 10,000 psi for 

FT glass. Prior to 1997, the Standard allowed a maximum RCSS of 10,000 psi for HS glass.  
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Mitigation Measures 

MCA makes two recommendations to DGS in their January 31 letter-report. We offer the following 

comments on these recommendations, for consideration by DGS: 

 

Apply a safety film. MCA recommends that DGS consider applying a safety film as a mitigation measure 

against glass fallout due to possible future breakage. We would urge caution with regard to the 

application of film to the exterior of the glass. Warranties on external film application, if obtainable at all, 

will be of limited duration, and the film will likely not last more than 5 to 10 years before starting to 

deteriorate or delaminate. External film installation would result in an additional maintenance burden on 

DGS to periodically replace deteriorating film.  

 

Application of safety film to the interior of the spandrel lites would offer greater durability, but would be 

a more costly and potentially disruptive undertaking. This work could be done from the interior, but 

would require the removal and replacement of the interior construction around the perimeter of every 

floor. Alternatively, the work could be done from the exterior, but would require the de-glazing of each 

lite, application of film to its back-side, and re-glazing it (including replacement of the wet-seal). 

 

Replace the spandrel glass. MCA also recommends that DGS consider replacing the spandrel glass with 

new glass. In our experience, any wholesale glass replacement program is likely to yield some amount of 

glass breakage due to various random conditions (flaws in the glass, edge damage during installation, or 

other unforeseen possibilities). Given the very low rate of breakage of the existing glass (one lite in the 

six years since the 2006 remediation project), it is our opinion that the rate of future breakage will likely 

be the same if not higher with new glass than it would be with the existing glass is left in place. If 

replacement is contemplated, and DGS desires to minimize the risk from future breakage, we suggest that 

DGS consider replacing the glass with laminated glass or lites with a safety film pre-applied to the back-

side of the glass, to provide post-breakage retention.  

 

The cost and potential for disruption of building operations would need to be carefully considered with 

either approach. 

 

Risk Considerations 

Considering the limited number of breaks overall, and the long duration between this recent break and the 

previous occurrences, at this time there does not appear to be a systemic breakage problem. Given the age 

of the original and replacement glass, the time period during which thermal stress or NiS-related failures 

might typically be anticipated has passed. While there can be no guarantee that future breakage will not 

occur, in our opinion, the risk of future breakage is more or less the same as the breakage risk in any other 

high-rise building of similar age with heat strengthened spandrel glass. Consequently, no extensive 

mitigation measures are necessary if ownership accepts the risks common to similar heat strengthened 

spandrel glass in similar vintage high-rise curtain walls. 

 

If the above-described risk is acceptable to DGS, as an additional precaution, they might consider 

monitoring the spandrel glass for a period of time. A monitoring program might consist of a binocular 

survey on a regular schedule of decreasing frequency. 

 

The only way to preclude future spandrel glass fallout is to replace the glass with laminated or safety-

filmed lites or to apply a safety film to the existing lites. As stated above, with any replacement scenario, 
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some breakage will likely occur, but with lamination or film application, fallout risk would be virtually 

eliminated.  

 

The opinions expressed in this report are based on the evaluation of available information and limited 

field observation and testing. WJE reserves the right to modify our opinions if supplemental information 

becomes available for our review. 

 

Please do not hesitate to contact us if you have any questions. 

 

Sincerely, 

 

WISS, JANNEY, ELSTNER ASSOCIATES, INC. 

 
David Green, AIA 

Senior Associate 
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Figures 

 

Figure 1. Overall view of building. 
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Figure 2. Gasket support profile interrupted at anchor location. 

 

 

Figure 3. Spandrel area with glass removed. Fire-safing at floor 

level and insulation above it are generally in contact with back of 

glass. Insulation below safing is held back from the glass by the use 

of dark-colored foam egg-crate material. Some of the insulation 

below the floor line has been temporarily removed in this photo. 
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Figure 4. View looking up at curtain wall showing wet-seal around 

glass perimeter and pre-formed silicone boot over mullion splice, 

both from the 2006 repair project. Also visible is the brass bar 

suspended in front of each spandrel lite.  

 

 

Figure 5. GASP device in use to measure RCSS of spandrel lites. 
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Figure 6. Three sections of the broken spandrel lite made available 

for our review. 

 

 

Figure 7. Line of roughness in center of glass thickness, typical of 

heat-strengthened glass. 
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PRINCIPAL-IN-CHARGE 
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ARCHITECT, LEED
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EDUCATION 

 Master of Architecture, Urban 

Design, University of California, 
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 Bachelor of Architecture and 

Bachelor of Arts, University of  

Arkansas, 1968 

 Engineer Officer Basic Course, 

U.S. Army Corps of Engineers, 
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CERTIFICATION 

 Licensed Architect (California, 

Arkansas, and Nevada) 

 Certification, National Council of 

Architectural Registration Boards 

 Licensed General Contractor, 

California #290922 

 LEED Accredited Professional 

 

PROFESSIONAL EXPERIENCE 

 Interactive Resources, 1973-present 

 Mayhew and Thiederman, 

Architects, Inc., San Francisco, 

1970-71 

 Edward Durell Stone, Inc., Palo 

Alto, 1967-70 

 U.S. Army Corps of Engineers 

(military service), 1968-70 

 Department of the Interior, National 

Park Service, 1963-66 

 

PROFESSIONAL ORGANIZATIONS 

 American Institute of Architects, 

Elected to the College of Fellows, 

1995 

 Construction Specifications Institute 

(CSI) 

 National Trust for Historic 

Preservation 

 Western Construction Consultants 

Association (WESTCON), Charter 

Member 

 American Society for Testing and 

Materials (ASTM), Committee E-6, 

Performance of Buildings, C-11, 

Gypsum and F-06, Floor Coverings  

 International Code Council (ICC) 

 Roof Consultants Institute (RCI) 

 American Society of Heating, 

Refrigeration and Air Conditioning 

Engineers, Inc. (ASHRAE) 

 Congress for the New Urbanism 

 

OTHER ORGANIZATIONS 

 Arkansas Alumni Association, life 

member and past president, Bay 

Area Chapter 

 

HONORS AND AWARDS 

 Arkansas Alumni Association 2005 

National  Community Service 

Award 

 Arkansas State Senate Citation for a 

“distinguished career filled with 

notable accomplishments.”  

 Arkansas Traveler 

 ASTM Award of Appreciation for 

Outstanding Service 

 Hall of Honor, Fayetteville Public 

Education Foundation 

 East Bay Chapter of the American 

Institute of Architects Practice and 

Technology Achievement Award for 
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devoted toward sharing his findings 

with the public and the profession." 

 West Contra Costa Unified 

Education Fund Distinguished 

Citizen Award 

 Coast Guard Meritorious Public 

Service Award 

 President of the United States 

Award for Outstanding Community 

Achievement of Vietnam Era 
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 National Trust for Historic 

Preservation Honor Award 

 Grand Award (Interactive 

Resources, Inc) for Design 

Excellence, National Association of 

Industrial and Office Parks 

 Department of Transportation 

Award (East Brother Light Station, 

Inc.) for Outstanding Public Service 

to Transportation and Historic 

Preservation 

 

DIAGNOSTIC  ARCHITECTURE AND 

CONSTRUCTION TECHNOLOGY 

 More than 350 consulting 

assignments relating to construction 

failure or construction litigation, 

including 10,000 units of housing. 

 Expert witness in over 100 

construction litigation cases, 

including trial testimony in 

California and Oregon courts 

 Serves on three committees and 

chairs two ASTM task groups 

related to moisture problems in 

buildings 

 Arbitrated dozens of construction 

disputes through the auspices of the 

American Arbitration Association, 

served on its panel of arbitrator 
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REHABILITATION BUILDING DESIGN 
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 Oak Grove Apartments Construction 

Defect Repairs, Healdsburg, CA 

 BART Leak Investigations - Powell 

Street, Pleasant Hill and Richmond 

Stations 

 The Landing at Jack London Square, 

Construction Defect Repairs, 

Oakland, CA 

 Mariner Square and Baltic Square, 

Richmond, CA 

 College of San Mateo Building 18 

Rehabilitation, San Mateo, CA 

 Margaret Lesher Student Union 

Building, Diablo Valley College 

 

HISTORIC PRESERVATION 

 National Trust for Historic 

Preservation volunteer in New 

Orleans Katrina Damage 

Assessment Team, 2005 

 Completed more than 100 projects 

involving restoration or 

rehabilitation of historic structures, 

many of which are listed on the 

National Register of Historic Places. 

 Lectured widely on historic 

preservation practice to groups 

including the National Trust for 

Historic Preservation Annual 

Convention, the Monterey Design 

Conference, and many civic clubs 

and organizations. 

 Prepared and administered 

numerous successful grant 

applications for historic preservation 

projects and National Register 

Nominations and Certifications. 

 

ENERGY CONSERVATION AND  

ALTERNATIVE ENERGY APPLICATIONS 

 Early work in alternative energy 

and energy conservation set the 

pace in California in the years 

immediately following the energy 

crisis of 1973, influencing 

subsequent state energy 

conservation legislation and 
speeding the incorporation of energy 

conservation considerations into the 

mainstream of California 

architectural practice. 

 Completed more than 100 projects 

between 1973 and 1983 that 

incorporated cutting-edge active and 

passive solar, wind, and other 

energy conservation technology. 

Those included private homes, 

apartments and condominiums, 

commercial and public buildings, 

and swimming pools. Many have 

been published in local, regional, 

and national media. 

 In 1975, organized and implemented 

the first statewide California Solar 

Energy for Buildings Conference, 

repeated in 1976 and 1977 with 

hundreds of building industry 

professionals attending. 

 Secured six U.S. Government-

sponsored grants for research or 

demonstration projects in solar 

energy.  

 

CURRENT PUBLIC SERVICE 

 City of Richmond City Council, 

Elected Member and Vice-Mayor, 

Richmond City Council, 16 years. 

Served as vice-mayor twice and 

chair of Public Safety/Public 

Services Committee, Rules and 

Procedures committee, Personnel 

Committee and Finance Committee 

 BCDC Commissioner (Alternate to 

Tom Bates, Mayor of Berkeley) 

 Contra Costa LAFCO 

Commissioner (Alternate to Contra 

Costa Conference of Mayors 

representatives) 

 Best Local Politician, East Bay 

Express, May 2004 

 Board of Directors, Local 

Government Commission, Chair 

2008-10 

 Board Member, Rosie the Riveter 

Trust, President 1999-2011 

 Board Member, President, East 

Brother Light Station, Inc. 

 

PAST PUBLIC SERVICE 

 City of Richmond representative, 

West Contra Costa Transportation 

Advisory Committee (WCCTAC) 

 Commissioner for Qualifications 

Appraisal Interviews, California 

State Board of Architectural 

Examiners 

 Chair, West County Agency 

 District Chairman, Herms District, 

Diablo-Silverado Council, Boy 

Scouts of America 

 Board of Directors, Richmond, 

California, Chamber of Commerce 

 Chairman, Richmond Economic 

Development Commission  

 President, Washington School PTA 

 President, Point Richmond Business 

Association 

 President, Point Richmond 

Neighborhood Council 

 Board of Arbitrators, American 

Arbitration Association 

 Citizen’s Advisory Committee for 

Richmond, California Shoreline 

Conservation and Development 

Plan, the Knox Freeway-Cutting 

Boulevard Corridor Study, and the 
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 Richmond CETA Advisory 

Committee 

 Richmond Community 

Development Commission 

 Richmond Rotary Club, past 

President 

 

PUBLICATIONS 
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Resistive Barriers,” Journal of 

ASTM International, Vol 2, #10 
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Nov/Dec 2005) 
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Times, March 1999 
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Construction Specifier, December 

1993 

 “Thin Brick Veneer,” The 

Construction Specifier, August 

1993 

 “The Condo Conundrum,” The 

Construction Specifier, May 1993 

 “Be Prepared for Building Failures 

and Disasters,” Black’s Office 

Leasing Guide, Winter 1993 

 “Avoiding and Repairing Moisture 

Problems in Slabs on Grade,” The 

Construction Specifier, December 

1992 

 “Common Interest Development 

Maintenance Manual,”  ECHO: 

Executive Council of Home Owners, 
May 1991 

 “Building Failure: Limiting the 

Losses,” Best’s Review, 
 September 1990 

 “Thin Brick Veneer: A Guide to 

Trouble-Free Application,” Sun 

Coast, December 1989 

 “How CADD Helped Restorations-

Documentation and Design For A 

California Town,” Architecture  
Magazine, November 1989 

 “Do You Need A Building 

Detective?,” Facility Manager, 
Winter 1988-89 

 “Condominium Maintenance 

Manual,” Community Associations 

Institute Newsletter, Vol. 8/No. 2, 

June/July 1988 

 “Arbitrator Discusses Complex 

Problems of Condo Ownership,” 

Contra Costa Times, November 4, 

1984 

 “Construction Defects in Residential 

Condominiums,” Courier 

(Newsletter of the Council of 

Condominium Homeowner 

Associations, Inc.), Vol. 2, 

Nov./Dec. 1984 

 California Sunshine, A Consumer 
Guide to Solar Energy, California 

Energy Resources and Development 

Commission (Thomas K. Butt, 

Project Director), 1977 

 Guidelines for Evaluating New 

Development in Contra Costa 

County, CA, 1976 

 The Working Woodburner, Home 
Heating and Cooking with 

Fireplaces and Wood Stoves, Dennis 

Dahlin, Author & Thomas K. Butt, 

Project Manager, 1976 

 “Solar Energy Homes, New Market 

For Realtors,” California Real 
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REPRESENTATIVE SPEAKING 

ENGAGEMENTS 

 Sheet Metal Flashings, RCI 

Symposium, Downey, CA, 2011 

 Sheet Metal Flashings, WESTCON 

Symposium, Albany, CA, 2010 

 Stucco as a Weather Protection 

System,” a Westcon/RCI seminar, 

San Diego, 2010 

 “Green Buildings and Energy 

Efficiency,” Green is Gold Expo, 

Richmond, 2009 

 “Plaza and Deck Waterproofing,” a 

Westcon/RCI seminar, Long Beach, 

2008 

 “Stucco as a Weather Protection 

System,” a Westcon/RCI seminar, 
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 “Water Intrusion – An Age Old 
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Forum 

 Roofing Consultant’s Institute, 

Southern California, ASTM E2266 

Symposium  on Design and 

Construction of Low-Rise Frame 
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Resistive Barriers and the Need for 
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 “Water Resistance and Vapor 

Permeance of Weather Resistive 
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Performance and Durability of 

Window-Wall Interface, 2004 

 “Specifications and the Need for 

Standards,” BETEC 2004 

Symposium on Enclosure Wall 

Systems 

 “Weather Resistive Barriers and 

Flexible Flashings,” Western Region 

AAMA Meeting, 2004 

  “What Elected Officials, Architects, 

Planners and Local Officials are 

Doing,” Local Government 

Commission 3
rd

 Annual New 

partners for Smart Growth 

Conference, 2004 

 “The Design Professional’s 

Standard of Care - Using 

Reasonable Diligence and Best 

Judgment,” Westcon 2000 

Symposium and May, 2001 Meeting 

  “Something Fishy is in the 

Neighborhood,” Local Government 

Commission Building Livable 

Communities Conference 2000 

 “Moisture Problems in Concrete 

Slabs on Grade,” World of 

Concrete, 1998 

 “Forensic and Diagnostic 

Architecture,” AIA Redwood 

Empire Chapter, 1997 

 Moderator and speaker at “Putting 

Our Communities Back On Their 

Feet” conference by Local 

Government Commission, 1996 

 “Moisture Problems in Concrete 

Slabs on Grade,” Construction 

Consultants Association of Northern 

California, 1996 

 ”Jobsite Problems, Solutions and 

Perceptions: Why are the Architect 

and Contractor Treated So 

Differently?,” The  Northern 

California Construction Institute, 

1993 

 “Building Failures and Subsidence,” 

California Building Industry 

Association, Sacramento, CA, 1991 

 “Forming and Running a Practice,” 

East Bay Chapter, AIA, Practice 

Management Seminar Series, 1989, 

1990 

 Training and Evaluation Seminar, 

The American Arbitration 
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Association, Continuing Education 

for Arbitrators, 1989 

 Light House Preservation 

Workshop, National Trust for 

Historic Preservation, Annual 

Convention, 1989 

 “Polymer Modifier and Grouts and 

Mortar,” Ceramic Tile  

 Institute, Dallas, TX, 1989 

 

MILITARY SERVICE 

U.S. Army Corps of Engineers, 1968-

1970 

 Rank at Discharge: 1
st
 Lieutenant 

 Vietnam Service: 1969-1970 

 Decorations: 

The Bronze Star, Army 

Commendation Medal, Republic 

of Vietnam Campaign Medal 

and Vietnam Service Medal 
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Mark K. Schmidt 
Unit Manager and Principal 
 
 

 

 

 

 

 

 

E D U C A T I O N  

Valparaiso University 
 Bachelor of Science, Civil Engineering, 1983 
University of Wisconsin, Madison 
 Master of Science, Structural Engineering, 1987 
 
R E G I S T R A T I O N  

Professional Engineer in Florida 
Structural Engineer in Illinois 
 

P R A C T I C E  A R E A S  

Facade Assessment 
Glass Performance Studies 
Historic Preservation 
Litigation Support 
Prepurchase Surveys 
Repair and Rehabilitation Design 
 
E X P E R I E N C E  

Since 1982, Mr. Schmidt has worked in several WJE 
offices: Denver, Dallas, and the Northbrook headquarters. 
During this time, he has focused on the assessment, 
preservation, remedial design, and implementation of 
restoration programs for a variety of building envelopes. He 
has led investigations involving glass and aluminum curtain 
walls, architectural precast concrete panels, thin stone 
veneers, stone and brick masonry, terra cotta, door and 
window assemblies, skylights, composite panels, mosaic 
tile systems, and EIFS and stucco systems. 
 
Mr. Schmidt has performed hundreds of building envelope 
investigations addressing operational concerns (such as 
water infiltration and corrosion), safety concerns (such as 
glass breakage, anchorage and component failure), and 
aesthetic concerns (such as finish or surface degradation). 
He has developed a specific area of expertise related to the 
assessment of architectural glass components. 
 
Mr. Schmidt has also participated in a wide variety of 
investigations, structural analyses, and repair design 
projects involving concrete, steel, aluminum, masonry, 
and wood structures.

R E P R E S E N T A T I V E  P R O J E C T S  
Facade Assessment 
 John Hancock Building: Evaluation of corroded curtain 

wall components, Chicago, Illinois  
 Transamerica Center: Repair alternatives for mosaic tile 

and glass facade, Los Angeles, California 
 National Institute of Health: investigation of aluminum 

sunshade failure, Bethesda, Maryland 
Glass Performance Studies 
 Numerous investigations involving glass breakage 

resulting from inclusions, thermal stresses, improper 
glazing techniques, and natural disasters  

 Various evaluations of glass surface distress resulting 
from construction activities, cleaning processes, and 
natural disasters 

 Various studies of glass product failures 
 Historic Preservation 
 135 South LaSalle Street: Limestone, brick, and sealant 

repairs to landmark building, Chicago, Illinois  
 Miami-Dade County Courthouse: Investigation of 

distressed historic terra cotta facade, Miami, Florida 
Litigation Support  
 Salt Lake City Airport: Mediation regarding exterior 

metal curtain wall panels, Salt Lake City, Utah  
 Sherwood Hotel: Arbitration regarding Typhoon Paka 

damage to EIFS facade, Tamuning, Guam 
 Various litigations regarding glass damage or breakage 
Prepurchase Surveys 
 High-rise architectural/structural prepurchase 

assessments in various U.S. cities 
Repair and Rehabilitation Design 
 Schaumburg Corporate Center: Waterproofing repairs 

to glass and aluminum curtain wall systems, 
Schaumburg, Illinois 

 One Brickell Square: Restoration of white precast 
concrete facade, window systems, trellis systems, and 
parking garage, Miami, Florida 

 Court House Center: Structural, waterproofing, and 
precast concrete facade repairs, Miami, Florida  

 James R. Thompson Center: Waterproofing repairs and 
snow melting system for 165-foot diameter skylight, 
Chicago, Illinois  

 Highland Place One: Waterproofing repairs to glass and 
lock-strip gasket curtain wall, Englewood, Colorado 

 
P R O F E S S I O N A L  A F F I L I A T I O N S  

American Society of Civil Engineers (ASCE) 
ASTM International (ASTM) 
 
T E C H N I C A L  C O M M I T T E E S  

ASTM C14 - Glass and Glass Products 
ASTM C24 - Building Seals and Sealants 



 
A. WILLIAM LINGNELL 

CONSULTANT 
LINGNELL CONSULTING SERVICES 

1270 Shores Court 
Rockwall, Texas 75087 

(972) 771-1600 
 

B.S. (Civil Engineering), Ohio University, 1965 
M.S. (Civil Engineering), University of Toledo, 1967 

M.S. (Mechanical Engineering), University of Toledo, 1970 
M.S. (Engineering Science), University of Toledo, 1974 

  
Bill Lingnell has been involved in engineering, technical management and construction of 
major building projects throughout the United States, Canada, and other countries.  He has 
consulted as a technical authority and specialist for general contractors, manufacturers, 
fabricators, owners, developers, architects, and individuals relating to the many facets of 
glass and wall systems used on architectural construction projects.  As a consultant, he has 
also served engineers, testing agencies, insurance companies, building managers, window 
producers, curtain wall consultants and the legal profession on many projects and 
assignments requiring specialization in glass and wall system technology.  He serves as the 
technical consultant to the Insulating Glass Manufacturers Alliance (formerly Sealed 
Insulating Glass Manufacturers Association–SIGMA).  Lingnell has over 46 years of 
experience in the technical field of glass and architectural products and is considered one of 
the world’s foremost experts in the field. 
 
Prior to becoming a consultant, Lingnell held senior management level positions at the 
following companies:  Indal Wall Systems as Vice President of Engineering and Technical 
Services, Olden and Company as Corporate Vice President and Libbey Owens Ford 
Company as Director of New Products and Technical Services.  In each company he had 
responsibilities for strategic business planning and technical development of new business 
opportunities.  Other responsibilities included development, research, engineering, and 
manufacturing direction for a variety of architectural glass and wall products as well as 
quality assurance and quality improvement programs. 
 
Lingnell has completed all course work requirements for a doctorate in engineering 
mechanics and has held the position of Adjunct Professor in the Engineering College at the 
University of Toledo.  He is a Registered Professional Engineer (by examination) in 
Arizona, Ohio, North Carolina, Pennsylvania, and Texas.  As a member of various 
professional groups, code bodies, trade organizations and industry associations, he has 
contributed in the writing of standards pertaining to the use and testing of glass, wall 
systems, sealants and wall components through ASTM committees E-6 and C-24. 
 
PROFESSIONAL CHRONOLOGY: Structural Engineer, Senior Engineer, Manager 
Technical Services, Director Technical Services and New Products-LOF Company (1965-
84); Vice President – Olden & Co. (1984-90); Vice President – Indal Wall Systems (1990); 
President – LINGNELL CONSULTING SERVICES (1990 -). 
 
MEMBERSHIPS:  American Architectural Manufacturers Association, American 
Association for Wind Engineering, American College of Forensic Engineers, American 
Society of Civil Engineers, American Society of Heating Refrigerating and Air-Conditioning 
Engineers, American Society for Testing and Materials, American Welding Society, 
Association of Construction Inspectors, Construction Specifications Institute, Glass 
Association of North America, National Fenestration Rating Council, National Fire 
Protection Association, National Glass Association, National Society of Professional 
Engineers, International Building Code. 
 



LINGNELL CONSULTING SERVICES 
(Partial list of services) 

 
 
 

            •    Glass selection and design guidance 
 

• Drawing review of wall and glass applications for new construction 
 

• Problem assessment of glass failures in existing buildings 
 

• Diagnostic analysis of wall system conditions in existing buildings 
 

• Due diligence studies of building walls 
 

• Pre-construction estimating for budgeting 
 

• Study of manufacturing/fabrication operations 
 

• Quality improvement programs and follow-up monitoring 
 

• Engineering review of calculations for wall applications 
 

• Specification preparation for glass and wall systems 
 

• Systems consulting  
 

• Technical marketing services 
 

• New product development 
 

• Forensic engineering for glass/wall system analysis 
 

• Engineering studies and fracture mechanics review of glass breakage 
 

• Fractographic analysis of glass 
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FEE AND BILLING STRUCTURE FOR 
A. WILLIAM LINGNELL  

 
 

    
 

 
                   General Fees:   $180.00/Hour for “Office work” 
                                                          $1,800.00/Day for “Out-of-town” work 
 
 
            Reimbursable Expenses:    All travel and living expenses plus normal  
                                                          “out-of-pocket” expenses associated with 
                                                           work product 
 
                             Billing Period:     Monthly invoices will be sent to client with 
                                                           supporting receipts and professional fees 
 
 
 
 



 

www.wje.com  Personnel Qualifications 

David Green 

Senior Associate 
 

E D U C A T I O N  

University of California, Berkeley 

Bachelor of Arts, Architecture, 1994 

Columbia University 

Master of Architecture, 1998 

 
R E G I S T R A T I O N  

Architect in Hawaii 

National Council of Architectural Registration Boards 

Certificate 

 
P R A C T I C E  A R E A S  

Curtain Wall Systems 

Exterior Wall Systems 

Glass Performance 

Roofing and Waterproofing 

Construction Documents and Specifications 

Peer Review 

Repair and Rehabilitation Design 

 
E X P E R I E N C E  

Mr. Green is an architect and building envelope consultant 

specializing in curtain wall, glazing, and cladding 

systems. He has designed, detailed, investigated, and 

overseen the construction of building envelope systems 

for various building types, including high-rise hotels and 

condominiums, museums, retail storefronts, universities, 

and office buildings.  

 

Prior to joining WJE, Mr. Green was a senior associate at 

Handel Architects, where he served as both a project 

manager and an in-house cladding consultant. Prior to 

that, Mr. Green was an exterior wall consultant with R.A. 

Heintges & Associates in New York City, where he 

gained valuable experience working with a variety of 

complex building enclosure systems. 

R E P R E S E N T A T I V E  P R O J E C T S  

Curtain Wall Systems 

 1100 Broadway, Oakland, California: Curtain wall 

consultant for twenty-story office tower with complex 

geometry  

 Gannett/USA Today Headquarters, McLean, Virginia: 

Curtain wall consultant for large corporate 

headquarters* 

 PNC Place, Washington, D.C.: Curtain wall consultant 

to Gensler for LEED Platinum office building 

Exterior Wall Systems 

 Millennium Tower, San Francisco, California : Project 

architect and in-house cladding consultant for fifty-

eight-story residential tower* 

 Museum of Modern Art, New York, New York: 

Curtain wall consultant for expansion and renovation 

by architects Yoshio Taniguchi and KPF* 

Glass Performance 

 Library Building, Boston, Massachusetts: Evaluation 

of anisotropy in tempered insulating glass 

 Office Building, Boston, Massachusetts: Investigation 

of corrosion of low-e glass coating 

 UC Santa Cruz McHenry Library, Santa Cruz, 

California: Investigation of glass breakage and 

framing distress 

 Parking Garage, San Francisco, California: 

Investigation of repeated breakage of decorative glass 

cladding. 

Roofing and Waterproofing 

 1515 Third Street, San Francisco, California: 

Consultant for six-story office building 

 San Jose Airport, San Jose, California: Peer reviewer 

and consultant for new terminal building and additions 

to existing terminal 

* Indicates with previous firms 

 
P R O F E S S I O N A L  A F F I L I A T I O N S  

American Institute of Architects (AIA) 

American Society for Testing and Materials (ASTM) 

Architectural Engineering Institute (AEI) 

 
T E C H N I C A L  C O M M I T T E E S  

AEI Curtain Wall Committee 

ASTM E06.51- Performance of Windows, Doors, 

Skylights, and Curtain Walls 
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           LINGNELL CONSULTING SERVICES 
A. WILLIAM LINGNELL, P. E. 

1270 Shores Court 
Rockwall, Texas 75087 

(972) 771-1600 
lingnell@swbell.net

 
 

Re: Tempered or Heat-Strengthened Glass Breakage  
 Protocol for Obtaining Breakage Particles 
 
The follow steps should be followed when obtaining the broken particles of tempered or 
heat-strengthened glass from the exterior of the building for further investigation as to 
the probable cause(s) of breakage: 
 

1. Locate the initial break area.  This is usually identified by a portion of the glass 
that appears like the center of a spider web.  This is illustrated in the photo 
below.   
                                                

 

Fracture Origin Location 

 
2. Once the actual initial break (fracture origin) area is identified photos and 

documentation of the site conditions and glass should be recorded.  The data 
sheet attached can be used as a guide to record pertinent information. 

 
3. Glass should be observed to make certain that glass fallout is not occurring or 

has the potential to occur that will be a public safety issue. 
 

 
4. Proper precautions shall be made to secure the relevant particles required for a 

laboratory examination. 

mailto:lingnell@swbell.net
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5. Using a transportation lift or scaffolding to reach the area of the identified 
fracture origin careful inspection around the area must be taken to retrieve the 
pieces required.   

 
6. Carefully use clear packing tape (2” wide or greater) or a clear film to obtain an 

area of 5” x 5” or more for preservation.  This section can be marked with a 
“Sharpie” permanent marker so that it can be retrieved if necessary or if glass 
becomes dislodged during the removal process.  The photo below is an example 
of the area retrieved: 

 

               
 
 

7. A suitable means of removing the glass safely should be adopted using plywood 
or other suitable material to contain the glass and fracture origin and place the 
glass on a flat or horizontal surface to remove the required sample that is taped 
together. 

 
8. The sample with the identified fracture origin taped up can then be packaged 

using sufficient packing materials to avoid further fracturing and then 
forwarded to the following address for laboratory examination and 
fractographic analysis: 

            LINGNELL CONSULTING SERVICES 
A. WILLIAM LINGNELL, P. E. 

1270 Shores Court 
Rockwall, Texas 75087 

                                                                    (972) 771-1600 
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LABORATORY EVALUATION OF TEMPERED GLASS 
 

PROJECT NAME:_________________________________________________ 
PROJECT ADDRESS:______________________________________________ 
 
GLASS MANUFACTURER:                                                                                
GLASS FABRICATOR:______________________________________________ 
 
SIZE :       LENGTH      ___              in  
                  WIDTH       ___                in 

                              THICKNESS    ___          in  
 
GLASS TYPE: 
 
               SUBSTRATE                                                                                 _ 
                  COATING TYPE        _                                   
                  EDGE TREATMENT                                                                            _ 
                  GLAZING SYSTEM       _  
                  FRACTURE ORIGIN_LOCATION___________________________                                 
                                                                                     
INVESTIGATION OF GLASS: 
                   

       DATE OF GLASS BREAKAGE ______________________________                                
        LOCATION ON BUILDING_________________________________ 

       WEATHER CONDITIONS__________________________________ 
       NOTABLE OBSERVATIONS ________________________________ 
            ________________________________________________________                 

  ______________________________________________________________ 
 

PHOTOS OF GLASS:                                               SKETCH OF BREAKAGE:                                  

Include with data and information 

 

 

 

 

 

 

mailto:lingnell@swbell.net


LINGNELL CONSULTING SERVICES 
A. WILLIAM LINGNELL, P.E. 

1270 Shores Court 
Rockwall, Texas 75087 

(972) 771-1600 Tel  *  (972) 771-0354 Fax 
lingnell@swbell.net

 
 
 

Board of Equalization Building 
450 N Street  

Sacramento, CA 95814 
 
 
 

Glass Breakage Review  
 
 
 
 
 

Prepared for : 
 

Mr. Thomas K. Butt, FAIA 
Principal 

Interactive Resources 
Architects & Engineers 

117 Park Place  
Point Richard, CA 94801 

 
 
 
 
 
 

Prepared by: 
 

LINGNELL CONSULTING SERVICES 
Rockwall, Texas 

June 14, 2012 
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June 14, 2012 

 
 
 
 

Mr. Thomas K. Butt, FAIA 
Principal 
Interactive Resources 
117 Park Place 
Point Richard, CA 94901 
 
 

Re:  Board of Equalization Building Project 
        450 N Street  

                    Sacramento, CA 95814 
        Forensic Analysis – Glass Breakage 

                    Review of Engineering Reports and Documents 
 
Dear Mr. Butt: 
 
 Please refer to your request to have Lingnell Consulting Services (LCS) 
provide a peer review of the documentation, reports, and information provided 
relating to glass breakage on the above referenced subject.  A recent transmittal 
dated June 6, 2012 contained the documents and exhibits being used to offer a 
report to the Department of General Services (DGS) Board of Equalization Building 
Project.  The following documents and exhibits have been studied and reviewed:  
 

1. Board of Equalization Building, 450 N Street, Sacramento, CA – 
Forensic Analysis – Glass Breakage, June 6, 2012 by Thomas K. Butt, 
FAIA. 
 
2. Section 08800, Glass and Glazing, Capitol Square Specifications, 
November 5, 1991, Dreyfuss & Blackford Architects. 
  
3.  450 N Street, Emergency Survey Investigation Report, McGinnis 
Chen Associates LLP, Architects Engineers, November 15, 2005. 

 
4. Drawings, 450 N Street, Curtain Wall and Balcony Remediation, 
April 19, 2006, (JR Roberts As-Builts), McGinnis Chen Associates, 
Inc.   

   
5. Specification Section 08800, Curtain Wall and Balcony 
Remediation, March 16, 2006, McGinnis Chen Architects, Inc.  
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6. Letter dated January 30, 2012 from Thomas A. Schwartz and 
Stephen S. Ruggiero of Simpson Gumpertz & Heger to Jeffrey 
Martin, AIA of McGinnis Chen Associates, Inc. 
  
7. Letter dated January 31, 2012 from Jeffrey Martin, P. E. of 
McGinnis Chen Associates, Inc., to Joan Armstrong of DGS.  

 
8.  Vision Glass Letter Report dated May 31. 2012 from David Green, 
AIA of Wiss, Janney, Elstner Associates, Inc.  
 
9. Spandrel Glass Letter dated May 31. 2012 from David Green, AIA 

of Wiss, Janney, Elstner Associates, Inc. 
 
 After review and study of the information provided, the following comments 
are offered: 
 
         The glass breakage concerns were reviewed by investigators from McGinnis 
Chen (MC), Simpson Gumpertz & Heger (SGH) and Wiss Janney Elstner (WJE).  
Based on the information presented by the referenced investigators the glass 
breakage evidence from glass particles and site inspections did not give conclusive 
irrefutable facts that would determine the exact cause of breakage of the various 
spandrel and vision glass experienced on this project. 
 
          There were possible causes suggested along with site inspections of the glass 
conditions and glazing system that would give one some probable reasons for glass 
breakage, however, a clear cause was not identified in the information provided.  
The “450 N Street Emergency Survey Investigation Report”, item 3 above provides 
a comprehensive analysis of the project with regard to the glass and glazing system 
conditions and provides a segue to the remedial work that was subsequently 
performed on the project.  While one break referenced in the report (Number 6 
2005 September) was documented as “is the pane that showed classic thermal break 
pattern as documented by Jeff Martin of MCA” a fracture origin was not obtained 
to determine the actual cause of the fracture other that what was stated.  Glass 
breakage due to a thermal break condition is usually manifested from one or more 
of many possible contributors, namely a few are poor edge work, flaws in the glass 
surface, damage on or near the edge, shadow conditions, impact damage, higher 
than normal temperatures, or internal devices or insulation causing high 
temperature differences within the glass.  Tracing the fracture pattern back to the 
origin and a fractographic examination of the fracture lines, surfaces and edges will 
give important clues as to determining the probable cause of breakage.  From the 
information presented it did not appear as though this opportunity was presented 
for the glass breakage that occurred in the project. 
 
  There were broken samples that were sent to SGH in 2006 for determination 
of the surface compression level on the heat-treated glass.  The residual surface 
compression stresses (RSCS) were determined to be in the range of what is expected 
for heat-strengthened glass prior to the ASTM C 1048 standard being changed to a 
maximum of 7,500 psi with a minimum of 3,500 psi.  Additional photos and glass 
samples were sent to SGH for examination with no fracture origins contained with 
the glass shards sent.  SGH provided information on possible causes of the fracture  
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and stated that since there were not obvious external sources of stress it would 
“indicate that nickel sulfide impurities as the likely cause”.            
 
 Following is a general discussion of breakage from nickel sulfide inclusions 
for background and information.  In the manufacture of float glass, there is a 
possibility that certain impurities may be introduced during the glass melting in the 
molten glass process.  Many of these impurities cause no particular problem and are 
not harmful to the end product unless they are of the nature that they are 
cosmetically not acceptable.  Some impurities may remain in a solid, opaque state 
and appear as dirt, refractory stones or other inclusions within the glass.  The 
number and spacing of inclusions and point blemishes allowed are specified in the 
ASTM C 1036 Standard, “Standard Specification for Flat Glass.” With few 
exceptions, the inclusions are considered to be appearance imperfections only; and 
do not affect the performance of the glass in any way.  Nickel sulfide inclusions are 
the exception to this rule when certain conditions apply when glass is heat-treated. 
 
 The inclusions represented by nickel sulfide are formed whenever any nickel-
rich contaminate such as nichrome wire, stainless steel particles, welding rods, 
particles from wear plates, or other nickel containing contaminants are 
unintentionally introduced into the glass melting furnace along with the desired 
batching materials.  The nickel may combine with sulfur in the furnace fuel or the 
batch materials to form nickel sulfide inclusions.  In annealed glass, the glass 
manufacturing process for soda lime silica float glass commonly used throughout 
the world for architectural projects, these inclusions are harmless and are 
considered on the same basis of all other inclusions and point blemishes. 
 
 Glass manufacturing facilities can produce up to 500 to 800 tons of glass per 
day.  Considering this large volume of glass, total elimination of contaminants is not 
always possible.  Manufacturers take extraordinary steps to secure  uncontaminated  
materials  and  run  the materials through certain metal detector devices and other 
contamination location type facilities prior to entering the batch material in the 
melting furnace. 
 

Annealed glass is commonly used as the product for heat-treating glass to 
enhance glass strength and load-carrying capabilities, and also produce a safety 
glass product when considering fully tempered glass.  During the process of heat-
treating glass, the nickel sulfide inclusions are transformed into a state such that 
irreversible expansion occurs with time and temperature.  If the inclusion is tightly 
held in the glass and not surrounded by any bubble or area that will allow its 
expansion, the expansion over time may produce sufficient stress to cause 
spontaneous glass breakage. 
 
 The expansion of the inclusions is known to be very temperature dependent 
and also time weighted.  Glass that has a high time weighted average temperature 
will experience breakage much sooner than glass that is generally cooler, all other 
items being equal.  The period of time for the inclusion to reach its ultimate size 
varies and can range from up eight years or more for glass on the exterior of a 
building.  At present, there is no practical method of inspecting the glass to 
determine which lites may have harmful nickel sulfide inclusions and which do not. 
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 The fracture caused by the expansion of the inclusion is quickly propagated 
into the tempered glass because of the high tensile stress inherent in the center 
thickness portion of the glass.  The level of these stresses is much lower in heat-
strengthened glass.  The possibility of breakage from heat-strengthened glass is 
lowered because of the lower tensile stress in the center of the glass and 
corresponding lower compression stress.  Fortempered glass, the compression stress 
levels and center tension stress levels are much higher than heat-strengthened; 
therefore, the possibility of spontaneous fracture from nickel sulfide stones has 
generally shown to be higher in fully tempered glass.  As stated tempered glass is 
known to have a much higher incidence of breakage due to the presence of harmful 
nickel sulfide inclusions, however, experience has demonstrated that heat-
strengthened at the upper level of the allowable RSCS for the ASTM C 1048 
standard can on occasion cause breakage. 
 
 It has been shown in studies that the use of a heat-soaking technique by 
which fully tempered or heat-strengthened glass after the fabrication of the glass 
and the heat-treating process has been completed are subjected to a time-
temperature device which is intended to eliminate the majority of any harmful 
nickel sulfide stones that may exist in the glass.  While this method has been shown 
to eliminate up to ninety percent or more of the nickel sulfide inclusions, it is not a 
guarantee that all nickel sulfide inclusions will be captured.  The heat-soaking 
method is conducted by placing the glass in an oven at a high temperature for a 
predetermined time in order to cause the nickel sulfide inclusion to expand to the 
point of manifesting into a fracture and be eliminated from the glass order.  This 
can be accomplished by many of the heat treat fabricators offering this as an extra 
operation for heat-treated glass. 
 
 The above referenced information is to offer an explanation of the nickel 
sulfide stone breakage characteristics that can occur in heat-treated glass.  While 
this is a rare condition and a very low percentage of glass is found on buildings 
when this event occurs, it is imperative to keep complete records and obtain fracture 
origins whenever possible to ensure that the actual cause of breakage is identified.  
Other causes of glass fracture have been attributed to causes such as the following: 
glass surface damage from impact, vandalism, manufacturing and building 
services/occupants; glass edge damage from handling, framing system movement 
causing glass to metal contact or loss of edge support; excessive forces from the glass 
framing and structural support system; wind loads greater than the specified 
design;  weld spatter from construction trades; thermal stress; wind blown debris; 
seismic stresses; and static fatigue overcoming the RSCS causing a constant tensile 
stress on the edge or surface. 
 
 The important evidence to obtain and retain for study after a glass lite has 
broken is the fracture origin.  This portion of the broken glass is the area where the 
actual glass began to break and will give important clues as to the actual cause of 
breakage.  Without having the break origin, it is impossible to identify the cause of 
breakage with any degree of reasonable scientific certainty.  While the investigators 
on the project WC, SGH and WJE did an extensive study on the glass and glazing 
system available there is not clear evidence that fracture origins were obtained to 
give verifiable evidence toward confirmation as to the actual cause of breakage in 
any of the units examined or on record as reported broken.  WJE examined  interior  
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glass on units that were reported as fractured that turned out to be scratches not 
cracks thus not leading to a probable cause of breakage of lites were not actually 
broken. 

 
 Methods of mitigation were suggested for the spandrel glass to minimize the 
possibility of glass falling out of the area in the rare case of glass breakage by the 
investigators.  The use of replacement with a laminated glass construction was 
referenced or consideration of a safety film applied to the existing glass.  While each 
of these has merit it is a building management decision by DGS to go in that 
direction.  In each case the glass would be contained and the probability of 
obtaining the fracture origin greatly enhanced.  While laminated glass would 
eliminate the original glass in the spandrel area there would be certain building 
interruptions during the reglazing process.  Exterior safety film has been 
successfully applied to glass and when breakage does occur the fracture origin has 
been secured.  It is usually recommended that an edge attachment method or special 
sealant technique applied to insure that the glass will stay captured be incorporated 
into the design.  It is highly recommended that a test program be instituted prior to 
the safety film application to verify that the method is sound and will meet the 
requirements of DGS. 
 
 A method or protocol system to obtain fracture origins should the event of 
future breakage occur was not found in the information provided.  An attachment 
with this brief report is intended to give building management and operating 
personnel guidance to use in isolating the proper glass fragments to secure should 
breakage occur in the future.  While this attachment is basic in the approach it is 
imperative that all glass particles be kept for future examination.  The protocol is to 
be used in a manner that is safe to occupants and building personnel. 
 
 If you have any questions or desire any clarification of the materials 
presented feel free to contact me. 

 
 Sincerely, 
 
 A. William Lingnell 
 
 A. William Lingnell, P. E. 
 Engineering Consultant 

 
Attachment:  Protocol for Obtaining Breakage Particles 
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