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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 facade. * 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.’

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.’ 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

1450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers, November 15,
2005, 1

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

® 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.”

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.” The only possible mitigation
suggested is the application of a safety film that would cost about $400,000 for the entire building.®

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 Of 2012, six vision glass lites on the north side of the 18" 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

* ibid

> 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.

® 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:’

e Architect: Dreyfus Blackford Architects

e  Curtain Wall Consultant: Eschbach Company, Inc.

e General Contractor: Hensel Phelps Construction Co.

e Glazing Subcontractor: Architectural Glass & Aluminum (AG&A)
e Curtain Wall Manufacturer: Kawneer

e Glass Supplier: Tempglass Eastern, Inc.

7450 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.®’

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 facade. ° 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.™

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.'” 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."

8450 N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers,
November 15, 2005, 2
° 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.
450N Street, Emergency Survey Investigation Report, McGinnis Chen Associates LLP, Architects Engineers,
November 15, 2005, 1
! 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.
E Phone conversation on May 21, 2012, between Jeff Martin and Tom Butt.

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."*

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.*

Specifically, the Scope of Services included the following:*®

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™ and 9" 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.

| etter 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. Onssite 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 fagade 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

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)
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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@wije.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
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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:

e Remains of the broken lite that was removed in January 0f 2012.
e The location of the January 2012 break.
e Locations of reported vision glass cracks on the 18™ floor.

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

Documents Reviewed

e Section 08800, Glass and Glazing, Capital Square Specifications, November 5, 1990, Dreyfuss &
Blackford, Architects

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

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

e Specification Section 08800, Curtain Wall and Balcony Remediation, March 16, 2006, McGinnis
Chen Associates, Inc.

e letter dated January 30, 2012, from Thomas A. Schwartz and Stephen S. Ruggiero of Simpson
Gumpertz & Heger to Jeffrey Martin, AlA, of McGinnis Chen Associates, Inc.

e 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, AlA, 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, WIJE is available to
review them to determine if a similar prognosis is appropriate.17

7 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, AlA, 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
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replacement scenario, some breakage will likely occur, but with lamination or film application,
fallout risk would be virtually eliminated.™

Peer Review

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

e Itis 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.

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

e 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, AlA,
and peer review by William Lingnell.

'8 | etter dated May 31, 2012, from David Green to Tom Butt (Exhibit 8)
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Exhibit 1 - Section 08800, Glass and Glazing, Capital Square
Specifications, November 5, 1991, Dreyfuss & Blackford, Architects
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' CAPITOL SQUARE
SACRAMENTO, CALIFORNIA

SECTION 08800

GLASS AND GLAZING

PART 1 - GENERAL

1.

01

A.

.02

A.

.03

A.

DESCRIPTION OF WORK

Provide all labor, materials, tools, services and install-
ation of the following:

1. Glass, glazing and setting materials.

2. Sloped glazing.

3. Miscellaneous glass specialty items including, but not
necessarily limited to, the following:
a. Large size custom mirrors.

SUBMITTALS

Manufacturer's literature describing glass and glazing
materials as per requirements of Section 01300.

Samples: Samples of each type of glass except clear
single panel units.

Shop Drawings: Show full size details of glazing methods.

Thermal Stress Analysis for tinted glass if required by
Paragraph 3.03.B.4.

Manufacturers' recommended maintenance and cleaning
procedures.

QUALITY ASSURANCE
Standards:

1. American Society for Testing and Materials (ASTM).

2. Federal Specifications (FS).

3 Flat Glass Marketing Association's "Glazing Manual",
(FGMA) .

4. American National Standards Institute's "Performance
Specifications and Methods of Test for Transparent
Safety Glazing Material Used in Buildings" (ANSI
Z97.1-1975).

5. Uniform Building Code, 1988 Edition (UBC).

6. Title 24, California Administrative Code (CAC).

General Requirements: All glass and glazing shall meet
requirements of UBC Chapter 54.

GLASS AND GLAZING/08800-1
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PART 2 - PRODUCTS

2.

01

A.

GLASS PRODUCTS

General Requirements:

1. Glass products shall conform to ASTM C1036 and C1048.

2. Tempered and laminated glass shall meet ANSI Z297.1-
1975 requirements.

3. No tong marks shall be permitted, and any expected
markings and/or distortions shall be made known and
presented to the Architect prior to processing.

Glass Thicknesses: Glass thicknesses shall be as noted

unless glass manufacturer recommends greater to meet wind
load requirements.

Glass Types:

1.

Glass "A": Gray 1/4 VE3-80 (#2) (outside) x 1/2 AS x
1/4 CL (inside) Viracon, Cardinal or approved equal.
Outside light to be heat strengthened.

Glass "B": (Spandrel) Gray 9/16 OA VE 3-80 HS (#2) x
.060 PVB x 1/4 CL with custom colored 4 Viracon,

-Cardinal or approved equal. Light to be heat

strengthened.

Glass "C": Tempered clear float glass, ASTM C1036,
Type I, Class 1, Quality g3, 3/8 inch thick as
manufactured by PPG, Ford Glass, (LOF) Libbey-Owens,
Ford Company or approved egqual (First Floor glazing
below 10 feet).

Glass %"D": Tempered clear float glass, ASTM C1036,
Type I, Class 1, Quality g3, 1/2 inch thick as
manufactured by PPG, Ford Glass, (LOF) Libbey-Owens-
Ford Company or approved equal (automatic entry
doors) .

Glass "E": Sloped glazing (Atrium) Gray 1/4 VE3-80
(#2) % 1/2 AS x 9/16 CL Viracon, Cardinal or approved
equal. Outside light to be tempered and inside light
to be laminated.

Glass UWFY: Clear wire glass, ASTM C1036, Type II,
Class 1, Form 1, Quality g8, Mesh M1 (diamond).

GLASS AND GLAZING/08800-3
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Standards for 1Installation: Comply with the
applicable requirements of the "Glazing Manual" of the
Flat Glass Marketing Association, except as may
otherwise be shown or specified, and except as may be
specifically recommended by the manufacturer of the
glass or glazing material.

Inspection of Materials: Immediately prior to
installation of glass, inspect all edges for flares,
chips or irregularities, and faces for scratches or
surface disfigurements. Materials with such blemishes
shall be rejected and not installed on this Project.
Appearance: Unify appearance of each series of lights
of glass by setting each piece to match those
adjacent, as nearly as possible. Inspect each piece
and set with the pattern, draw and bow oriented in the
same direction as those adjacent.

Clean all members to receive glass, immediately prior
to installation of the glass.

cut and set glass to full fit and play consistent with
expansion and contraction requirements and for
absolute security under maximum high velocity wind or
vacuum stresses.

Tinted Glass:

Take special care to create strong undamaged edges.
Cut glass on northerly elevations according to
standard clear glass practice.

Ensure glass on sunny elevations has clean-cut edges

without deep shark teeth, flake chipping, impact

damage, convolutions, or serration hackle and
spalling.

A thermal stress analysis is required from the manu-

facturer where one or more of the following conditions

occur:

a. Edge area equal to or exceeding 200 sguare
inches.

b. Indoor Shading: Glass shade space less than six
inches or non-vented.

c. Indoor heat source between glass and shade.

d. Outdoor shading with double diagonal shade lines
meeting at head, jamb, or sill.

e. When glass is thicker than 1/4 inch and glazing
rabbet is concrete or other material with large
heat capacity.

f. Pattern cuts with notches or holes.

g. Pattern cuts when glass is thicker than 1/4 inch.

GLASS AND GLAZING/08800-5
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SECTION 08920

GLAZED ALUMINUM CURTAIN WALLS

PART 1 - GENERAL
1.01 DEFINITIONS
A The term "Glazed Aluminum Curtain Walls”, hereinafter referred to as -’
"System”, includes all exterijor curtain wall, window wall, sloped

glazing, and entrance systems.

B. The term "Contractor”™ 1is that entity charged with abscliute and total
responsibiiity for the work described in this specification.

1,02 SUMMARY OF WORK INCLUDED

Furnish all labor, materials, equipment and services necessary to provide
the System as shown and specified, installed complete.

A. Items furnished and installed:
1. Extruded aluminum framing members.
2. Glass, gaskets, setting and edge biocks.
3. Aluminum covers, glazing channels, beads, trim, aluminum

brake shapes, and similar accessories indicated as integral
components of the System,

4, Anchorage of the framing members to the structure, inciuding
all c¢lips, brackets and fasteners reguired to do so.
5. Internal structural reinforcing in muliions, transoms, doors

and other components as reguired to comply with the
structural reguirements hereinafter specified.

6. Adapters Tor interior drywall.

7 A1l sealants and backer rods within the System and those
between adjoining work and the System.

3. A1l flashings related to the System.

9. Insulation in the System spandrel areas as weli as between
mullions, building columns and/or partitions.

10. Firesafing insulation in relation to the System.

1. Alterations to the System as necessary to accommodate and

close up the hoist opening(s).

12, Laboratory and site testing as specified.

13. Specified submittals and warranties.

14, Protection and cleaning.

15, Visual site mock-up for glass and aluminum.
= Items furnished but not instalied:

GLAZED ALUMINUM CURTAIN WALLS/08920-1
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Rubber Products.

11. E 283 - Test Method for Rate of Air Leakage through
Exterior Windows, Curtain Walls and Doors.
12. E 330 - Test Method for Structural Performance of Exterior

windows, Curtain Walls and Doors by Uniform Static Air
Pressure Difference.

13. E 331 - Test Method for Water Penetration of Exterior
Windows, Curtain Walls and Doors by Uniform Static Air
Pressure Difference.

Aluminum Association (AA):

Aluminum Standards and Data.
Specifications for Aluminum Structures.

[ AN

American Institute of Steel Construction {AISC):

Cold-Formed Steel Design Manual.
Manual for Steel Construction.

[N IS

General Services Administration (GSA):

('ﬂ

21E - Insuiation Biankets, Thermal.
-P-645 for Prime Paint,

_WI

~—{ 1»4

Hi—
S

ASCR

American National Standards Institute {(ANSI):

297.1 - Performance Specifications and Methods of
Safety Glazing Material Used in Buildings.

Y

Consumer Product Safety Commission:

¢2]

U.

Document 16 CFR 1201 - Safety Standard
Glazing Materia

o

=ty

or Architectur

‘_J
r»

T Glass Marketing Asscciation (FGMAJ:

T1
t
o))
[

sV

tazing Manual.
ealant Manual.

)
oo

American Welding Society {(AWS):

1. 01.1 - Structural weiding Ccde.

ES

l—-(

CNTRACTOR’S RESPONSIBILIT

The Contractor is hereby advised that the responsipility for the
System 1s totaiiy his and that ail desians and resciutions proposed
in the shop drawings, calculations and related documentation and
certification must be demonsirated, not only in the test procedure
bul aisc Throughcut the warranty perwods herein specified. No
compensgtion for omissions and errors on the part of the Contractor
in the exscution of this contract wiil be awarded.

GLAZED ALUMINUM CURTAIN WALLS/08920-
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1.06 SYSTEM DESIGN CRITERIA

A, The System shall be weathertight, structurally sound, seif-draining
and will allow no water infiltration (infiitration is defined as the
appearance of uncontrolled water other than condensation on tne
indoor face of any pertion of the System).

B. Tne detaiis shown indicate the preferred profiles and dimensions tc
achieve the design concept. Dimension and profiie adjustments to
those shown may be made, provided that the visual design concept anc
intent of the specifications are maintained.

<. AT11 compeonents, assemblies and completed work shall conform to the
Tcilowing performance criteria and comply with the appiicabie cog

o7 governing agencies, and with the wind pressure study prepared oy

RWDI, dated June 11, 1990, Report #90-185-03. Copies will be made

available through the General Contractor. Except when appiicabls

codes make other provisions, or as noted herein, loads shall act in
combinations that provide the most unfavorable cond‘tichﬁ wind
o

7 [43]
w

loading need not be considered as additive to seismic loadina.

o System snail De designed for flexural, shear and torsicnal stresses
resulting from positive and negative wind pressures as shown on tne
wind pressure diagrams on the architectural drawings.

Maximum permissibie defliections and stresses shall be:

T

i, Nermal to the piane of the wall, defiection of framing

- members at design pressure shall not exceed 1/175 of span
length or 3/4-inch, whichever is less, except that when 2
plastered surface sqb1ected to bENuTﬂq is affected. the
deflection shall not exceed 1/380 of span.

. In the plane of the wall, deflection of framing members whern
carrving tneir full design deadi@ad shall not reduce the
gilass or panel bite beslow 75% of the design dimension, and

a2
o

¥
shail not reduce the glass or Dane? edge clearance beiow
of the design dimension or 1/8-inch, whichever is areate
Resirict deflection Turther if required for proper assem
and Tit of components.,

T connection points of framing members to anchors. ancnor
fiection in any direction shall not exceed 1/16-1nch.
resses must take into account interaction and shall
exceed the allowable values established by the specific
tisted under References. 1In no case shaill aliowabie va
exceed the yield stress.

AL 1-1/2 times design pressure, permanent de
framing members must nol exceed 1/1000 of
components must not experience failure or
distortion. At connection points of frami
anchors, anchor deflecticn in any direction
/8-inch and permanent set shall not excee

r.
o)

8%

=

o) Q. x
d (D

i
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O
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contact, such as spacers, setting blocks, gaskets and seaizd
edges of insulating class units.

RIAL AND ASSEMBLY TESTS

& performance mock-up shall be constructed and tested at an
approved, accredited independent laboratory.

The configuration of the test unit shall be as shown on the
architectural drawings and be representative of tThe actual buiiding
conditions, including corners, and is subject to approvail of the
Owner and Architect. Mock-up shall contain actual materials as
furnished for the projet and be suitabie for visual examinaticn cf
meteriais by the Architect.

Contractor shall be the coordinator of the instailation of ail
components of the test unit, inciuding those materials which may be
furnished and installed by another trade.

est results {to be substantiated by a certified report) shall meet
r exceed the foliowing:

|
O

1. Air infiltration, when testied in accordance wilhh ASTM E-Z8&2,
must not exceed:
a) .04 ctfm/ft of wall area at 1.57 psf pressure;
D) .06 cfm/ft of wall area at 6.00 psf oressure.

z. No water inTiltration will be aliowed during the tests Tisted

below:
ajl static test per ASTM E-331 at 10.00 psf pressurs
differential;

o} dynamic test per AAMA 501.1 at 10.00 psf pressur
differential.

flections, deformation and stresses must be within the

F.ZQ established in Paragraph 1.06.E when the structurzai

sts listed below are conducted per ASTM E-330. Gauges

all Dc set to zero pricr to each appiication of pressure.

test at design pFESQUIe, +50 psf and -55 psf;

test at 150% of design pressure, +75 psf and 82.5 psf.

ismic tests listed below are to consist of disp:

48]

[5N)

Hi 7w
<

re
h 3
¢y
S N

System in & horizontal direction paralilel and
dicular to the plane of the glass, in bcth directions,
or 10 seconds in esach of the dwsplaced positions, and

@}

»
(D M @ -~

o
"‘h II 4] ('D

5

3

1red for each test. The results must comply with
graph 1.06.F: ‘

test at probable displacement of G.517.
test at maximum displacement of 1.817.
concentrated load tests on window wa
nts as follows:

BEIR G NN R ) —3
{0
-

-
)] (D (e

3 O
3
=3
N
“i
Z)
[
[9}
oy
-
o]
=
D
o
z

jaV]
Q) T -

ird for at least ten seconds;

fcad in each of the Tour directions
or at least ten seconds:
ilure, gross permanent distcrzwon(

Tr o
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layout of all adjacent walls, beams, cclumns and siabs, all

correctly dimensioned to each other and grid lines.

Dimension position of glass edge relative to metal daylight

In addition to the above requirements, submit the following

schedules and instructions:

aj Schedule of all sealants, primers, back-up materials,
tapes, gaskets, separators and related items inciuding
the location where each material is to be used, methods
of application, special instructions, cross-references
to the shop drawings, and explanatory details as
required to insure and appraise the complete application
of all sealants.

b) Detailed instruction for the installation and reglazing
of glass units including explanatory details indicating
the sequence of installation, method of instailation for
all materials, location of specific items and any
special instructions as may be required.

[aw]

Prepare and submit (with shop drawings) structural calculations for
ai1l work of this Section, including mock-up. Comply with current
design rules of the Aluminum Association, AISC, AISI and ACI.
Include analysis for wind, dead load and seismic load on framing
members and anchors. Show Section property computations for framing
members,

1. Existing test reports shall not be an acceptable substitute
for calculations.

In no case shall glass be considered as a lateral brace for
framing members.

Anchor clips with siotted holes shall be caiculated in the
most extended conditions.

4, Calculations shall dimensionally limit the stacking of shime
in regard to bending stresses in bolts, clips, etc.
Calculations shall be signed and sealed by a registere
iicensed structural engineer in the State of Californi

[R]

€

(%3}

g
.

Provide written certification that the following materials conform
1o the specifications:

1 Atuminum alloys and finishes.

z Stesl ailoys and finishes.

3 Sealants

4, Glass,

5. Glazing materiais.

C. Fasteners

7. Insulation and firesafing.

Submit & detailed diagram to the glass manufacturer indicating how
his product will be used in the System, as well as written
intormation describing application ana/or instaliation technigues,
wind load, wall and building movement, magnitude of thermal
expansion, blocking and sealing and any other procedures, opera
or exposures which may affect the performance of his product.

GLAZED ALUMINUM CURTAIN WALLS/08920-9
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PRODUCT HANDLING

Package and store materials in a manner that will prevent surface
damage or contamination, distortion, breakage or structural
weakening.,

Replace any materials damaged during manufacture, shipping, storage
or erection.

Protect materials 1in place from contamination and damage.

WARRANTY

Any warranty specified in other sections of the contract
specifications notwithstanding, the Contractor will be reguired to
furnish a written 5-vear warranty, effective from the date of
substantial completion, the intent of which is to provide the Owner
with a quality, watertight System installation during that period.

Under the terms of this warranty, the Contractor agrees to repair or
replace defective materials, workmanship or failures, in a timely,
satisfactory manner, at no cost to the Owner.

Any items which are normally warranted for a time period which
exceeds the required warranty shall be provided with the extended
warranty.

Any items which do not carry the specified warranty, and any
gualifications which may adversely affect the warranty, must be
presented prior to award of contract for review and approval by the
Architect and Owner. Failure fto follow this procedure constitutes
tacit acceptance that all components of the System instailation will
be included 1in the specified warranty. )

- PRODUCTS

The exterior wall system shall be provided in accordance with the
Architect’s approved drawings.

em proposed by the Contractor must be equal to or better in
ign, performance and material standards than as described on the
i

System profiles shall be as shown on the architectural drawings.

Acceptable manufacturers are as follows:

1. Kawneer - 2500 IB (I-Beam) and 1600 IG System. 2-1/2 by 6~
1/4 inches. :
<. Vistawall -~ CW 400 Curtain Wall System. 2-1/2 by 5-1/C

GLAZED ALUMINUM CURTAIN WALLS/08920-11
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o

Sealants

1. Gene
a)

b

Cl

Miscellareo

Fast

8%

FORNIA

Other properties shall be as specified for silicone
gaskets.

Setting blocks and setting block chairs shall be secured
against migration.

blocks:

Provide edge blocks to 1imit Tateral movement of each
lite. Blocks shall be 65+/-5 durometer shore A solid
neoprene.

Edge blocks are not reguired where an individual glass
1ite is continuously sealed with silicone at its two
vertical edges.
ing and edge blocks are to be sized and located in
rdance with FGMA Glazing Manual.

ral sealant reguirements:

Locate and identify all sealants by product name on shop
drawings.

A1l sealant shall be tooled as a separate operation
after application, to 111 joints and provide a smooth
surface.

In using specified sealants or approved alternates,
strictly observe the printed instructions of the sealant
manufacturer regarding joint size limitations, mixing,
priming and appliication. Where printed instructions are
indefinite on the use of a primer, consult sealant
manufacturer. Unless printed instructions advise to the
contrary, do not apply sealants when substrates are wet
or when the temperature is below 400F.

Sealant back~up material shall be polyethylene foam,
sponge neoprene conforming to ASTM €509, or urethane
foam as recommended by sealant manufacturer.

Color of sealant to be selected by the Architect.

and field sealants:

Acceptable materials for shop or field appiication of
structural sealants are silicones as manufactured by Dow
Corning, G.E. or Tremco.

Acceptable materials for nonstructural shop or
appiication as part of the assembly and instal
procedure are silicones and polivurethanes as
manufactured by Dow Corning, G.E., Tremcc or Mameco.
Alternate sealant materials will be considered if
technical data sheets and cured and uncured samples are
submitted. However, polybutene, oleoresinous,
asphaltic, and other oil base sealants are not
acceptable for field use.

us materials

eners:
Type. size, alloy, guantity and spacing of all fasteners
and anchorage devices shall be as required for

GLAZED ALUMINUM CURTAIN WALLS/08820-14
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performance.

b) A1l screws, bolts, nuts, washers and rivets in wetting
locations shall be 300 series nonmagnetic stainless
steel. Fasteners in non-wetting locations can be
cadmium plated or an approved equal.

c) Exposed fasteners will be permitted only where approvead
by the Architect and shall be stainiess steel with
countersunk oval head, Phillips drive, finished To match
adjacent finish.

d) A1l anchor bolts and nuts shall have self-locking
devices incorporating nylon inserts or patches similar
to those manufactured by USM Corporation, Nylock
Fastener Division.

Steel:

a) Hot~rolled shapes and plate shall comply with ASTM A

b) Cold-formed steel shall conform to one of the mater:
specifications listed in the "Specification for the
Design of Cold-Formed Steel Structural Members”.

A1l steel plates and shapes shall be prime painted, ho:

dipped gaivanized or electro-galvanized. Any damage t
protective coatings shall be touched up in the Tielc

with an appropriate coating.

3. Inserts for anchorage in concrete shall be steel with
integral or welided projections Tor embedment and Tinished tc
provide maximum adhesion fc concrete.

Weep hole baffles shall be 45 pore per inch open cell plastic
coated urethane foam, compressed 30%-50%.

S1ip pads:

‘Provide eel slip, nylatron, high impact polystyrene or
approved equal slip pads between moving parts at ali dvnamic
connections. Provide minimum thickness of 1/16" for nylatron
and polystyrene, and 1/8" for eel slip. Do not use nviatron
or polystyrene in close proximity to a Tield weld.

Flashings: ’ :

Flashings in direct rejationship with the aluminum Traming

system shall be of aluminum. Exposed flashings shall have

nemmed edges where exposed to view to provide stiffness and a
retainer for splice sleeves, and shall be Tinished 1in
accordance with the aluminum framing system specification

o

o,
"
i

3
a

]

RN

e

<

2.03.

7 Insuiation:
Insulate spandrei-areas-with USG Thermafiber foil-faced
insutation. Follow glass manufacturer’s recommendation for .
air space requirements.

£ -Sating-insulation:
-4 ) ——Pack-—void-between-slab—edge—and-eurtain-walt-with USE
-

~Fhermatiber-safing insulation or an approved equal.
- —Thickness shall be 47 minimum -and densiiy shall be 4

- - PCF, :

=) Support fire stop insulation on gaivanized steel

= - -brackets-spaced-at-a maximum of 247 on center. Reduce
spacing -as -needed Lo assure positive reteniion of

- insulation. : e »
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Insofar as practicabie, fitting and assembly of the work shall be
done in a shop.

A1l exposed work shall be carefully matched to produce continuity of
line and design. A1l joints in exposed metal work, unless otherwise
shown or specified, shall be accurately fitted and rigidly secured
with joint sizes conforming to industry standards.

The method of assembly and joining shall be the Contractor’s option
provided the results are satisfactory. Distortion of metal work or
fasteners overstressed from expansion and contraction of the metal
will not be acceptable.

A1l welding shall be in accordance with the recommendations of the
American Welding Society, with electrodes and/or by methods
recommended by the manufacturer of the alloys being welded.
Distortion or discoloration of exposed metal surfaces caused by
welding will not be acceptable. A1l weld spatter and welding oxides
on finished surfaces shall be removed by descaling and/or grinding.

A1l weld beads on exposed surfaces shall be ground and finished ic
match and blend with finish on adjacent parent metal. Grinding and
peclishing of nonferrous metal shall be done only with clean wheels

and compounds free from iron compounds. No scldering and/or brazing
shall be aliowed.

Conceal Tasteners.

Correct any errors, omissions or inconsistencies before proceeding.
Promptly furnish items to be placed during the installation of other

WOk,

EXECUTION
ERECTION
Erect material in accordance with the approved drawings. Provide
tabor, material, booms, accessories and supervision necessary to
erect the System. Set plumb, square and level and fasten securaiy
in correct vertical and horizontal alignment. Seal joints within
System and between System and adjacent construction.

Cocrdinate erection with the requirements of the hoist and man-1ift,
including tie-back and Kicker connections to the floors, and door
operiings at the various floors.

1. Tclerances for the building frame and other work are
specified in other Sections, Make provisions for these
tolerances, including a +/-1" concrete slab tclerance.
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reguired for the structural silicone and silicone gaskets.

Thoroughly clean giazing pocket before setting glass. Solvents
shall be compatible with aluminum, glass and glazing meterials.

Remove and replace stops and apply sealants as reguired for a
compiete giass installation.

Defer glazing of openings which are obstructed during construction.

Replace any glass which breaks or sustains edge damage, surface
damage, or damage to reflective coating as defined above.

[ELD TESTS

-1
[uae]
Tt
'_~

Field water tests in accordance with AAMA 501.2-83 (modified to
exclude the appearance of any water at the interior) will be
performed on selected completed portions of the wall at the
Architect’s direction. Should testing result in ieakage, eliminale
the causes of such leakage at no additional cost to the Owner.
Remedial measures must maintain standards of quality and durability
and are subject to approval. Provide powered scaffclid or 1ift, hose
and sufficient personnel to operate scaffold or 1ift and hose

11y test sealants in place for adhesion, using methods
ded by sealant manufacturer. Promptly repiace any seaiant
u;ch does not adhere or fails to cure. A minimum of one test will
e at each floor on each elevation.

Protect against damage and contamination during construction. Clean

surfaces as required to remove corrosive substances. At the
conciusion of construction, clean ail surfaces to the satisfaction
of the Architect.

Provide written verification that cieaning agents are compatible
with aiuminum, glass, glazing materials and sealants.

Perijodicaliy remove from the site debris, excess materials and
unused tTools and eqguipment resulting from this work. At the
conciusion of construction, leave the premises in & cliean condition

cceptable to the Architect and/or Owner.

GLAZED ALUMINUM CURTAIN WALLS/08920-19



Exhibit 2 - 450 N Street, Emergency Survey Investigation Report, McGinnis
Chen Associates LLP, Architects Engineers, November 15, 2005

Board of Equalization Building, 450 N Street, Sacramento, CA 95814, Forensic Analysis — Glass Breakage, Page 17 of 25
Interactive Resources Project No. 2011-099-01, IDGS Contract No. 3158936 (BPM #028)



McGinnis Chen Associates LLp
ARCHITECTS | ENGINEERS




| 450 N Street
- Emergency Survey
Investigation Report

Department of General Services
State of California

RESD/State Owned

Buiidings Pianning Unit

The Ziggurat
707 3" Street
Suite 4-405
Sacramento, CA
MCA Project No. 05167

15 November 2005



McGinnis Chen Associates LLp
ARCHITECTS | ENMGINEERS

15 November 2005

Mr. Tom Piette

Department of General Services — State of California
RESD/State Owned Buildings Planning Unit

The Ziggurat, 707 3" Street, Suite 4-405
Sacramenio, CA 95605

Re: BOE Building 450 N Street — 05167.00 RP
Subj:  Glass Breakage Evaluation Report

Dear Mr. Piette:
Per your request, McGinnis Chen Associates, Inc. (MCA) conducted an investigation of the glass
breakage at the Board of Equalization (BOE) Building (Project) located at 450 N Street in

Sacramento. The following is our evaluation report for your review.

PROJECT BACKGROUND

The BOE building was built in 1891. The original construction,-as pertinent to the curtain wall
construction, is as follows: : : _ .

Architect: .. Dreyfus Blackford Architects

Curtain wall Consultant: Eschbach Cornpany, inc.

General Contractor: Hensel Phelps Construction Co.
Glazing Subcontractor: Architectural Glass & Aluminum (AG&A)
Curtain wall Manufacturer: Kawneer

Glass Supplier: Tempglass Eastern, Inc.

The curtain wall system has experienced leaks in the past few years but there has not been any
concern with the glass breakage issue until this year. A brief history of the glass breakage at the
BOE building is listed below: '

1999  September East, 7™ floor

1.
2. 2001  August © South, 7"/8" floor
3. 2001 August 14 West, 8"/8" floor
4, 2005  January South, 78" floor
5. 2005 September 21 South, 10" floor "2)
5A. 2005 September 24 South, 10" fioor 1
5. 2005 September  South, 7"/8" flcor (*2, *3)
*1:  Replacement glass at this location cracked again, primarily due to observed edge
defect at the window head.
2 This location has been boarded up with plywood at this time.
*3: This pane broke after #5 broke (after 21 September) and is the pane that showed

classic thermal break pattern as documented by Jeff Martin of MCA.

10 Newsingham Place
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450 N Street Curtain wall Glass Breakage Evaluation - 05167.00 RP
15 November 2005
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Glass breakage occurrence has been sporadic in the early years of the building and was within
the industry standard and expectation. As a reference point, industry standard allows 8 breaks in
1000 panes of glass (0.8%) in service situation. The BOE building has over 1,900 panes of
spandrel glass and the failure percentage (6/1900 = 0.3%) is still entirely within the allowable
industry standard. However, due to the quick succession of the last two breakage incidents and
breakage of a replacement piece (5A, due to edge defect), there is an apparent serious condition
that the glazing system maybe on the verge of an accelerated failure path. This would be a
serious public safety issue that would require immediate attention.

A day after realization of the second incident of glass breakage, on emergency basis, DGS
authorized MCA personnel to assess the glass breakage condition. MCA documented the
cracked pane! of spandrel glass in place and examined the cracked glass after its removal from
the curtain wall. Subsequently, MCA conducted survey on the curtain wall to determine if there
was other glass that maybe in imminent danger of cracking and falling out. After four days of
survey on 9 drops of the curtain wall, covering 1364 windows, MCA feels reasonably sure that
there were no signs to indicate further imminent glass breakage.

Further, as a safety measure, DGS erected pedestrian protection around the BOE tower on the
North and East sidewalks and on the West side parking deck.

The following is MCA's analysis on the glass breakage issue at the 450 N Street building:

TECHNICAL BACKGROUND

Pertinent technical background information is provided here as basis for further discussion of the
investigation work.

1. The building curtain wall consists of Kawneer 1600 series system, with a custom
gold-color bull nose trim. The vision glass is 2 double pane insulation glass unit (IG
unit) and the spandrel glass is a single pane heat strengthened glass with ceramic frit-
on the backside. MCA understands that glass breakage has occurred only at the
spandrel glass, not at the vision glass.

2. Heat strengthened glass has a compression “skin” completely surrounding the central
core of glass that is in tension. This compression skin imparts higher strength to -
resist failure by bending, impact, and thermal stress than conventional annealed.
‘glass. By ASTM C 1048 standards, heat strengthened glass has surface
compression of 3,500 to less than 10,000 psi (pound per square inch) and edge
compression between 5,000 and 9,750 psi. Fully tempered glass has surface
compression of 10,000 psi or more., Heat strengthening in the range of 4,000 fo
7,000 psi is probably the most desirable for most uses.

3. All heat-treated glass will break when the compression skin layer is penetrated. The
edge of glass is especially vulnerable. Chips, scratches, or gouges that do not
completely penetrate the compression layer can slowly propagate by external forces
and result in breakage. These forces include wind pressure, thermal, and impact
stress.
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450 N Street Curtain wall Glass Breakage Evaluation - 05167.00 RP
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4. According to various sources of the glazing industry, heat strengthened glass can
withstand temperature difference (Delta T or & T) of 150 degrees F from center of
glass to edge of glass, based on the 0.8% failure rate specification. The & T
calculation is a function of the glass’ intrinsic material property (thermal expansion
coefficient) and is not affected by the glass thickness. .

5. A 1°F temperature difference introduces approximately 50 psi of tensile stress. A
clean-cut annealed glass edge will resist a tensile stress of 2,400 psi. Assume glass
edge T of 75 ° F and glass center T of 125 °F will introduce 2,500 psi of tensile
stress, enough to crack anneal glass thermally. As a result, anneal glass is not used
in spandrel glass application. The typical heat strengthened glass edge of 5,000 psi
to 9,750 psi of compression is akin to the pre-stressing process to provide opposite
(compressive) strength to resist the potential thermal tensile stress.

6.  Glass in spandrel applicatibn can reach 200 to 220 °F in service condition. Aluminum
frame, depending on color, can reach 160 to 180 °F in service.

7. There are specific pattern of thermal stress breakage for heat-strengthened glass.
The typical pattern at the edge is a short (1" or so) clean and straight break at 90-
degree angle to the edge of the glass. The break through of the glass is also at a 90-
degree angle to the plan surface of the glass at the break.

The break then travels in a long smooth curve across the glass and branches off in
random directions (see Figure 1: Appendix C for typical thermal breakage).

8. There are patterns of exterior shadow that fall into three categories:

. Acceptable Shading: More than 50% of the glass is in shade.
b, - Marginal Shading: More than 25% of the glass is in shade.

~ ¢. - Harmful Shading: Less than 25% of glass area is in shade and more than.25%
of the glass perimeter (linear-edge footage) is in shade. C

The logic is that when large portion of the glass is in shade, the thermal gradient
~would not be large. The last category of harmful shading has large area of glass
NOT in shade - meaning heat build up in the glass and large percentage-of-the glass
edge in shade - meaning-low temperature at the edge. The combination of the high
center temperature and low edge temperature produces the highest thermal gradient
and highest thermal stress. -

INVESTIGATION

. Methodology

'MCA conducted a variety of tasks in the investigation of the spandrel glass breakage issue,
including:

A.  Examination of actual crack glass on the building
B.  Survey of a large percentage of the spandrel glass on the building
C. Review of the original curtain wall shop drawings and available pertinent submittal

10 Nouingharm P
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450 N_Street Curtain wall Glass Breakage Evaluation - .05167.00 RP

15 November 2005
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D. Extensive research of the glass breakage (result is summarized in the Technical
Background above) :

E.  Computer simulation of the in-service thermal environment of the curtain wall

F.  Field temperature measurement of exterior and interior spandrel surfaces

All of the above tasks contribute to the final evaluation and conclusion of the glass
breakage study. Findings of each task are documented below.

1L Cracked Glass Observations

On 28 September, Jeff Martin of MCA rode the house swing stage to examine the cracked
spandrel glass at 78" floors on the south side of the building. The spandre! glass cracked
in multiple branches starting at the lower left hand corner of the pane {Photos 1-2: Appendix-. -
B, and Figure 2: Appendix C). The break was within 3" to 4” of the splice joint between two .
vertical sections of the aluminum window frame (see Photo 1: Appendix B). ‘

The glass was removed from the curtain wall frame. The broken glass edge was examined

and photographed. |t was noted that the glass had broken in the classic pattern atfributable

to thermal stress - 90-degree break both o the edge and surface of the glass (Photos 3, 4,

and 5, Appendix B). There was noticeable chip at the edge of the glass, unfortunately, it

could not be determined if the chipped edge was there before the break, thus contributing to
" the break, or caused by crushing during the break (Photo 5: Appendix B).

The outside temperature of 28 September reached 97 °F, and Mr. Martin reporied that the
glass temperature was extremely high on the outside surface. At the initial glass removal
process, a cold blast of air was evident at the backside of the spandre! glass, and the
ceiling soffiplenum space is apparently somehow communicative with the inferior air-
conditioned space. The observed conditions set up a high temperature differential from
center to edge of the spandrel glass. ’ : '

‘As glass was‘removed, the cavity showed that a 4” section of the interior gasket has fallen-- .
away from the glass. The frame splice joint has a gap of 1/2" or so and the gasket is not
being stipported continuously at these locations. With the exterior glazing gasket suffering:
from ‘accelerated deterioration and providing less pressure, the loose interior gasket-was
not unexpected.  This loose gasket provides a path for the interior cold air to.reach the -
glass edge, agéih further adversely impacting the thermal gradient. : B

Of importance is the position of the fiberglass insulation. The fibergiass blanket is in-tight
.contact -‘with the backside of the spandrel glass; this condition promotes build up -of heat
within the glass, especially in the middle region of the glass. The edge of the insulation is
likely not perfectly cut and not as well insulated as compared to the center region of the
glass. The insulation position further increases the thermal gradient from center to edge of -
the spandrel-giass. - e -

.  Survey of Spandrel Glass
As noted earlier, as long as the compression skin of the heat strengthened glass is not

broken, small fissures or defects within the glass will not cause glass breakage. MCA
personnel survey the spandrel glass to visually look for visible fracture in the spandrel glass
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and to physically impact the glass to promote incipient crack to emerge. Throughout the
survey and impact-check, no additional cracked glass was found. It appears that the areas
examined are not in imminent risk of experiencing another break. -

On the other hand, this survey does not preclude occurrence of thermal glass breakage that
may still occur given the right combination of conditions.

Review of Shop Drawings’
in reviewing the original shop drawings, MCA learned that there are typical locations where

a portion of the aluminum frame is ground away to-allow structural attachment of the curtain
wall frame to the fioor slab (see Figure 3. Appendix C). As the frame is ground fiat at the

- attachment point, a 10" or so portion of the frame does not have any means fo hold the

interior-glazing gasket. This condition allows every spandrel glass at least two locations of
zero gasket contact. Gasket can become loose in such locations, providing less glazing
support and allowing cold air to reach the glass edge.

Research Information

A brief sumnﬁary of pertinent thermal-break information is provided in the Technical

Background. MCA can provide further research information in our collection on request.

Aside from the technical background, sun-angle and building orientation was examined for

the 450 N Street building. The research indicates that on .a September day (September 1%,
4o be exact), sun reaches the -south wall by -approximately -8:45 a.m., becomes

perpendicular to the south wall by 12:45:p.m., and continues o reach the south wall until
sunset.

The sun angle is shallower in the morning (38° or so) and more up right (60° or-so) during
the_mid day. By looking at the sun's path over the sky, the middle of the glass is almost
always exposed to the sun (from-9:00-aim. on - given that the frame protrudes 4" beyond
the plane of glass - to possibly 5:00 p.m. or later, for approximately 8 hours). The left side

_ of the glass -'the west edge of the glass, in ‘contrast, ceased to be exposed to the sun by

12:45 p.m. and stays in-the shadow for the remainder of the day. The left edge thus
receives about 3 3/4 hours of thermal exposure then cools down, while the center continues
to build up with thermal exposure. This condition aiso adversely affects the spandrel glass
thermal gradient. ‘ . :

" ‘By.looking at the sun-angle to the glass, it.can be seen that less than 25% of the glass is in
‘shade and, by 12:45 p.m.-of a typical September day, the edge of the glass under the head

section-and next to the west jamb:section would be in shade (50% of glass perimeter). This
shade pattern.is considered “harmful” by the glazing industry. This is yet another factor that
adversely affects the thermal gradient within the spandrel glass. :

Thermal Stress Analysis Field Measured Temperature Data

MCA utilized a computer program available from Lawrence Berkeley Laboratory called
THERM to approximate the thermal environment of the curtain wall. The purpose of the
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THERM analysis is to establish a theoretical range of "in-service” temperature that the
various part of the curtain wall may experience.

The analysis provides a graphic and numeric printout of the glass edge temperature under
various conditions prescribed to simulate the service condition. A copy of the analysis is
attached to this report as Appendix A.

in summary, the THERM analysis indicates that, for a given exterior surface temperature
range of 120° to 180° F at the aluminum frame, with gasket in place and insulation in
position, the edge of the lass in the shade will be approximately 114° to 165° F. This is '
calculated at the continuous aluminum frame - exterior gasket - spandrel glass - interior
gasket - blanket insulation - interior cold air profile. The temperature at the middie of the
spandrel glass could range between 160° and 220° F. (The 160° F is conservatively low for
spandrel glass low temperature, corresponding to the 120° F of aluminum frame.) This
would produce a temperature difference (from center to edge) of 46° F (160 -1 14 for the low -
range) to 55° F (220 - 165 for the high range) - enough to crack annealed glass, but quite
safe for heal-strengthened glass.

When the interior gasket and edge of the insulation is removed, the range of glass edge
temperature drops to approximately 110° (109.8) to 158° (158.4) F. This increased the
differential to 50° F (160 -110 for the low range) to 62° F (220 - 158 for the high range).

Two factors not .accounted for in the THERM are the dynamic flow of constant cool air from

" the air condition system and the moving shadow that put the south wall west edge of the
spandrel glass in the shade for half of a day. Field temperature measurements were taken
to supplement the computer analysis.

The field temperature measurement is listed as follows:

’ Temperature measurements were taken from 10:00 a.m. to 10:30 a.m._(after approximately
of 1 hour of sun exposure on the south elevation). Ambient exterior air temperature was

70°F.

1. Exterior center of spandrel glass: 108
2. Exterior edge of spandrel glass in morning sun: 110
3.- Exterior edge of spandrel glass in shade: 89
4. Exterior aluminum frame: : ' 98
5. Interior center of spandrel glass: 94 -
6. interior edge of spandrel glass in morning sun: 98
7. Interior edge of spandrel glass in shade: 87
8. Interior ceiling: 77

= The center-to-edge in shade difference is (109 - 87) = 21° F after only brief sun exposure.

= There is a temperature difference of 15° F (109-94), 12° F (110-98), and 2° F(89-87) from
exterior to interior surfaces at center of glass, edge in sun, and edge in shade
respectively. The higher the exterior temperature, the larger the temperature difference
between the exterior and the interior surfaces.
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If the aluminum frame temperature rises to 160° F, one can expect the glass to reach 200°
F, with the glass center portion being fully exposed to sun for the rest of the day. At the
time just before the left edge of the glass goes into shade, one would expect the
temperature there to be roughly equivalent to the center of glass. With half of its total daily
sun exposure, the surface temperature would not be at the high temperature yet. However,
a temperature of 180° F would seem reasonable.

The center of glass temperature would continue to climb to reach 200° F, while the edge in
mullion’s shade would drop for the rest of the day. The west edge of spandrel glass in
shade would likely drop from 180° F down to temperature somewhat higher than the interior
air temperature (the interior ceiling temperature was 77° F). And as noted earlier, the
higher the exterior surface temperature, the larger the interior and exterior temperatures
difference would be. If the glass edge drops to 158° F (based on THERM), the field data
indicate a possible further lowering of the interior surface temperature.

For exterior surface temperature of 89° F, the measured interior temperature difference was
2 degrees. For exterior surface temperature of 108° F, the measured interior difference was
15. One would expect that for an exterior temperature of 158° F, a measured interior
temperature difference could be in the range of 30° F or more. - This could drop the interior
glass edge temperature to 128° F or so, creating a spandrel center to edge difference of
(200 - 128)=72°F.

Under more extreme conditions, when the exterior temperature rises beyond 100° F, which
is not unusual in Sacramento, the interior -air conditioned space ‘will remain relatively
unchanged (with HVAC system), the temperature difference cculd reach well into 90° F
plus. At that range, the actual temperature difference is beginning to get closer {o the
design limit-of 150° F (as noted by a glazing manufacturer). o

EVALUATION .& RECOMMENDATIONS: - -

After reviewing the field data, research information, shép drawings, actual building configuration,
and weather parameters, MCA believes that the -glass breakage is a thermal siress break.

. Although the-break is not caused solely by thermal stress, all factors combined ‘fo.cause the

breakage observed recently.

2

The likely scenario Is summarized as follows:

- The heat strengthéned spandrel glass has a compression skin layer surrounding the entire

piece of glass. This compression layer imparts greater strength to the glass to resist
breakage due to bending, impact, and thermal stress. This compression layer is
approximately 20% of the glass thickness on each side and as long as this compression
skin is not fully penetrated, the glass will remain intact. It is possible that a smail chip at
the glass edge may have been present before the break. ' '

Small edge or surface defects, such as scratches, gouges, or chips, if contained within the
compression layer, will not break the glass. However, over time, bending, thermal, and
impact stresses may propagate the small cracks through the compression layer and then
cause what appears to be spontaneous break.

10 Motingham Place
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x The current curtain wall exterior shading pattern is what the glazing industry considers
harmful: A) Less than 25% of total glass area is in shade, and B) more than 25% of the
glass perimeter lineal footage is in shade. This configuration sets up greater center-to-
edge thermal gradient. : :

® The insulation directly behind the glass without space to allow air to move exacerbates the
heat build up in the center region of the glass. The edge of the insulation does not cover
the edge of the glass and is also not as tight to the glass as the center, further increasing

- the thermal gradient. :

= As sun moves through the southern sky during the day, the glass experiences different
‘build up of heat. The right jamb.is in shade and a small portion of the head (lower sun
angle) is in shade in the morning. By about 12:45 p.m. or so, the sun is perpendicular tc
the south wall and-only the -head.is in shade. - -However, beyond that point, the left jamb
stays in the shade for the remainder of the day while the center of the glass continues to
gain heat. This sets up greater thermal differential through the rest of the day.

= The notched-out aluminum.frame'.at anchor and discontinuity of frame at splice joint (every
two floors) create gaps allowing cold .air to-.come in contact directly with the edge of .the
glass. : : '

' The gold-tone mullion just above center of the glass casts a somewhat constant shadow in

the center region of the spandrel giass.' lts effect may or may not be positive (it puts more
glass in shadow, helping to reduce total thermal gradient. However, it may also thermally
__divide the glass into two_regions._ This is still being investigated).

= ~Based ‘on empirical data from prior projects and industry resources, glass can reach

temperature in the 200° F to 220° F and the curtain wall frame can reach 160° F to 180°F.

Based on the frame.being at 160° F and center of glass at 200° F, our computer simulation
program produces glass edge temperature in the 130° F range. This is a temperature- -

difference -of 70°t0-90° F: not -enough o cause breakage on a heat-strengthened glass.

But when the gasket is loose and pulled.away, the glass edge temperature drops to 110° F

increasing the temperature difference t0.80:10 110 degrees range. _ o

L With gasket being loose, the temperature difference is 110 degrees, getting closer to the
153.6 degree limit as set by the glazing manufacturer {Viracon uses 153.6° F as uideline).

= “The thermal stress from the elevated temperature differential imposes thermai siress at the-
glass edge and likely pushed some form of glass edge defect past the compression skin
and caused the thermal break observed.

The fact-that the temperature differential is not at the limit, is re-assuring, and is logical. If

THERM calculations had indicated a much higher thermai differential, more glass probably would

have been broken thermally throughout the history of the building.

MCA believes the above is reasonably true of actual conditions at the building. MCA
recommends testing of the glass to find out what its true compression values are before
proceeding with the design of corrective measures.
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Modification of the wall cavity (insulation/fire-safing) becomes important during the remedial work.
100% inspection of the spandrel glass edge will be required during remedial work - some
replacement is expected (possibly 10% or even higher), to eliminate as many potential defects as
possible.

Considering all factors, the current total number of breakage is still well within industry tolerance
for glass breakage of 0.8% (BOE has about 1,900 spandrel glass, allowing 15 pieces of
breakage). The thermal stress in the coming rainy season should be lower than the past summer
(one would surely expect it) therefore reducing the potential for glass breakage. In addition, the
complexity of the remedial work and necessary testing for the existing glass properties would
make rushing into remedial work this winter a problematic, if not unsafe scenario. MCA feels it
would be prudent to accelerate-the preliminary design and testing now to complete the design
development as soon as possible, complete the bid documents through the winter season, and
bidthe -work late winter to-start ‘construction after this rainy-season. Coe

if you have any questions, p)easé do not hesitate to contact MCA.

Sincerely,. é
- / //
7 .
// ,/ 7 -
e é ¢ 27 s .
Jeffé 7/\
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introduction to THERM 5.2

THERM is a state-of-the-art, Microsoft Windows ™ -based computer program developed at Lawrence Berkeley
National Laboratory (LBNL) for use by building component manufacturers, engineers. educators, students,
architects, and others interested in heat transfer. Using THERM, you can model two-dimensional heat-transfer
effects in building components such as windows, walls, foundations, roofs, and doors; appliances: and other
products where thermal bridges are of concern. THERM's heat-transfer analysis aliows you to evaluate a
product’s energy efficiency and local temperature patierns, which may relate directly to problems with
condensation, moisture damage, and structural integrity.

THERM's two-dimensional conduction heat-transfer analysis is based on the finite-element method, which can
model the complicated geometries of building products.

Analysis Performed by McGinnis Chen Associates, Inc. (MCA)

The following pages are results from two-dimensional heat transfer modeling performed by MCA for the Capitol
Square Building at 450 N Street, Sacramento, California. The subject of MCA’s analysis was the vertical divider
between two lights of spandrel glass. This profile was modeled under the following three conditions:

A. Typical profile as-designed with gaskets in place on interior and exterior. :

B. Typical profile with interior gaskets out of place. allowing for increased ventilation in the frame cavity.

C. Profile at anchor connections where the profile is milled out and provides no lateral support for
interior gaskets.

The maximum assumed temperature of the center-of-glazing used in MCA’s analysis was 220 °F, and based on
this value, a conservative range of aluminum temperatures was used to evaluate the temperature differentiai
between center- and edge-of-giazing. The range varied from 120 °F to 180 °F, where 120 °F is presumed to be
the lowest temperature that the aluminum frame would achieve while the center-of-glazing is simultanecusly 220
OFA .

Each of the above three conditions was modeled for an interior ambient temperature of 9.8 °F and exierior
ambient temperature of 90 °F. The profiles were then subjected to four boundary conditions with the
temperature of the exterior face of the aluminum frame varying between 120 °F, 140 °F, 160 °F, and 180 °F.

The results of this modeling are shown graphically in cclor infrared over the various profile-conditions. - Included
din-Appendix A are the most extreme results, which are each of the three profile conditions (A, B, and C) modeled
with boundary conditions at 120 °F and 180 °F.

450 N Street Emergency Survey - 05167.00 THERM Analysis 05187 - 051115 RP APP A
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CONDITION A Typical As-Designed Profile of Vertical

Divider at Spandrel
BOUNDARY CONDITIONS Exterior Face of Aluminum Frame at 120 °F
450 N Street Emergency Survey - 05167.00 THERM Analysis ' 05167 - 051115 RP APP A
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Edge-of-Glazing Temp:
1142 F

MaxAlum. Frame 'T.,emp';
1207 F
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CONDITION A ' Typical ASQDeSigned Profile of Vertical Divider at

Spandrel
BOUNDARY CONDITIONS ~ Exterior Face of Aluminum Frame at 180 °F
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CONDITION B - Typical Profile of Vertical Divider at Spandrel Without
' Interior Gaskets

BOUNDARY CONDITIONS Exterior Face of Aluminum Frame at 120 °F
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CONDITION B Typical Profile of Vertical Divider at Spandrel Without
o Interior Gaskets

BOUNDARY CONDITIONS Exterior Face of Aluminum Frame at 180 °F

450 N Street Emergency Survey - 05167.00 THERM Analysis 05167 - 051115 RP APP A
McGinnis Chen Associates, inc. Movember 15, 2005 Appendix A — Page 9 of 14



Edge-of-Glazing Temp:
164.9 F

Max Alum. Frame Temp:
178.4 F

450 N Street Emergency Survey - 05167.00 THERM Analysis 05167 - 051115 RP APP A
MicGinnis Chen Associates, inc. Novemier 15, 2005

Appendix A — Page 10 of 14




TG

CONDITION C Milled Profile at Anchor Connections Without Gaskets

Exterior Face of Aluminum Frame at 120 °F
BOUNDARY CONDITIONS
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CONDITION C Milled Profile at Anchor Connections Without Gaskets

Exterior Face of Aluminum Frame at 180 °F
BOUNDARY CONDITIONS
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Photo 2: Close-up view of the crackmorigins
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Photo 4: View of interior gasket out of place directly behind origin of crack -
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Photo 5: Damaged edge of glass
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Break occurs at a
90-degree angle

from edge
Figure 1: Typical Thermal-Break Pattern in Glass
(Taken from www.glassresource.com)
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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.

Board of Equalization Building, 450 N Street, Sacramento, CA 95814, Forensic Analysis — Glass Breakage, Page 18 of 25
Interactive Resources Project No. 2011-099-01, IDGS Contract No. 3158936 (BPM #028)
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EXTENT OF ALLOWABLE ASCESS TO TENANT
SACE AT PERIMETER TO PERFORM WORK

REQUIREMENTS TO BE FOLLOWED AT EACH
FLOOR:

& CONTRACTOR TO KNGO DOUN AMD REASSEEN & :
SYETHM MRTURE AS RISCLIRET, R

» W&AﬁMﬂAﬂmmm' Do

o CONTRASTOR 10 HOCKMINT AND NOTIFY STATH OF
KRT EXATING DAMAGE ON STSTEN FURNITURE RRiOR
TO KNOGK DO

& STAEIARD FURNITURIT COMPOHENTS TO BB
PROTECTED AND/OR RELOCATED,
RO RIRNITUREL T2 1165 CRIGINAL PORITION

® FOLLOURS THE oML BN o UoRe

¢ COMIRASTOR 1O DISCONNRET AND RECORNECT ALL
ELECTRICAL, DATA, O TELESCNE INES
O SEETIG EverE P
BEFVIEUAL CUBICLE COMMONENTS MUST BE

he RENITALLED N SAME cUBiclE. j

* PRODE ITERIOR PROTECTION FOR DUST.

5 MAINEAR MWENM HALLIAY WD
ASCESHBILITY £H LIPE 8ARITY CODES AND

e RESTRICTED ACCESS - COORDINATE

& REPRRSENTATIVE TO ACCOMMANT SONSTRICHCN -
PERSONNEL AT ALL TIMES,

EMER ALLCUABLE PATH TO PERIMETER TENANT
| SPACE FREM FREIGHT ELEVATOR.

W GENBRAL CENTRACTOR T PROTELT SATH AREAS
FOM THE EURATION OFf CORBTRICTION,

. | FREIGHT ELEVATOR - CONSTRUCTION
: | AN PERBONNEL ACCESS TO TENANT BRPACE

! SECSURED FLOOR - THE SECOND, THIRD, FIETH, SINTH,

1 AN BLEVENTH FLOCORS ARE SECURED AND REGUIRE
KETED ACCESS. WORK PERMITIED AT ALL TIMES UON.

COGRDINATE IKEYED ACCESS WITH TENANT.

| GENERAL NOTES
L PROTECT SLOORING AND INTERIGR FINISHES ON
CORBTRUCTION ACCESS PATWL .
2. INTERIOR LATOUT PROVIDED AS NEORMATION TO

ENERAL NOTES Jurtve, |
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