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 Bachelor of Science in Architectural Engineering from the University of Miami.  

 President/Founder of DLG Engineering, Inc., a structural consulting firm based in 
South Florida.

 20 years experience consulting in the glazing field.  

 Presented on hurricane design of glazing systems to:
 Florida Structural Engineers Association
 ATC-SEI 2012 Advances in Hurricane Engineering Conference

 Written articles on:
 “Allowable Strength of Glass: How to Design Safely for Today’s Threats”              

(US Glass  Magazine, July 2010) 
 “Growing Awareness: Changes in ASCE 7-10 to Affect Hurricane-Prone Regions”   

(Architects’ Guide to Glass & Metal, December 2011)  

Rick De La Guardia, E.I., M. ASCE
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 Learn how to properly read glazing shop drawing.  

 Understand the limitations of hurricane resistant glazing systems.  

 Learn to identify if the building substrate is adequate to support the loads 
imposed by the glazing system.   

 Know the limitations of a glazing inspector and when it is proper to consult 
with the delegated engineer.  

 Be able to identify and understand all of the critical facets needed to 
ensure a safe installation.   

 Learn how to write a proper inspection report and statement of inspection. 

Learning Outcomes



HURRICANE ANDREW (1992)

http://www.noaanews.noaa.gov/stories/s966.htm

http://www.floridamemory.com/items/show/133761http://www.magazine.noaa.gov/stories/mag205.htm
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1. Glazing Terminology
2. Products and Technologies
3. Product Certifications and Testing
4. Shop Drawings
5. Responsibilities and Limitations of Inspectors
6. Identifying Deficient Installations
7. Preparing Inspection Reports
8. Examples of Deficient Installations

Topics:



1. Glazing Terminology



1. Glazing Terminology (cont.)



1. Glazing Terminology (cont.)



1. Glazing Terminology (cont.)



1. Glazing Terminology (cont.)



 Windows
 Doors
 Storefront
 Curtain Walls
 Sky Lights
 Railings

 Glass
 Aluminum
 Anchors
 Substrate
 Structural Silicone
 Glass Interlayer

2. Products and Technologies



2. Products and Technologies (cont.)

Windows

Doors



2. Products and Technologies (cont.)

Window Walls & Storefronts Curtain Walls

Skylights

Railings



 Glass Types:
 Monolithic:
 Annealed
 Heat Strengthened
 Tempered

 Laminated
 Insulated
 Insulated-Laminated

 Glass Strength Factors
 Annealed 1.0
 Heat Strengthened 2.0
 Tempered 4.0

2. Products and Technologies (cont.)
Glass



 Typical Alloys: 
 6063-T5, 6063-T6
 6061-T6
 6005-T5

 Allowable Strength
 Non-Welded:
 9.5 Ksi (6063-T5)
 19.0 Ksi (6061-T6)

 Welded:
 4.8 Ksi (6063-T5)
 9.0 Ksi (6061-T6)

2. Products and Technologies (cont.)
Aluminum

Protection against Interaction with dissimilar materials is important



 Fasteners Types:
 Mechanical
 Wedge
 Sleeve
 Sheet Metal 
 Self Tapping
 Lag

 Load Reduction Factors:
 Edge Distance
 Spacing
 Embedment
 Load Path

 Load Types:
 Shear
 Tension
 Bending
 Prying

2. Products and Technologies (cont.)
Anchors



2. Products and Technologies (cont.)
Substrate

 Substrate Types:
 Wood Bucks
 Metal Studs
 Hollow Masonry Block
 Filled Masonry Block
 Stone or Brick Veneer
 Steel Frame
 Concrete
 Wood Frame



 Interlayer types:
 Ethyl Vynyl Acetate (EVA )
 Poly Vinyl  Butyral (PVB)
 Sentry Glass Plus (SGP)

2. Products and Technologies (cont.)
Glass Interlayer

The glass interlayer is what bonds the individual glass 
sheets together to form a laminated glass panel. 



 Structural Silicone Applications:
 Captured Systems
 Structural Silicone Systems

 Allowable Strength:  
 Wind Load:  20 psi
 Dead Load:  1 psi

 Glass Bite:
 Refers to penetration of the 

glass into the frame pocket for 
captured systems or the 
contact width in common with 
the glass and aluminum for 
structural silicone systems.

2. Products and Technologies (cont.)
Structural Silicone

Structural Silicone System

Captured System



2. Products and Technologies (cont.)
The Critical Load Path

The critical facets of impact resistant glazing system 
installations is in ensuring that the load path remains 

unbroken.

Each of the materials mentioned prior have a critical 
task to perform in order for the product to perform it’s 

intended task.



2. Products and Technologies (cont.)
The Critical Load Path

The GLASS absorbs the first wind load forces and must 
be sufficiently strong to transfer those forces to the 

aluminum frames. 

The ALUMINUM FRAMES must absorb the load from 
the glass and transfer them to the anchors.

The ANCHORS must transfer the forces imposed on it 
by the frame to the building substrate.

The SUBSTRATE must take the entirety of the force and 
transfer it safely to the main building structure. 



2. Products and Technologies (cont.)
The Critical Load Path

ISSUES TO CONSIDER

The GLASS: 
Type, Impact Rating, Size, Thickness, Interlayer, 

Silicone. location.  

The ALUMINUM FRAMES:
Shape, Alloy, Thickness, Internal Reinforcing, 

Assembly, Welds.

The ANCHORS:  
Type, Configuration, Edge Distance, Spacing, 

Embedment, Prying, Bending.

The SUBSTRATE: 
Reduced Anchor Capacities, Buckling, Concrete Burst 

Out, Penetration, Joints, Bracing, Backing.  



2. Products and Technologies (cont.)
The Critical Load Path

The glass is also burdened with two important and critical tasks that make a 
glazing system hurricane resistant.

2.  The glass once shattered by impact must remain 
secured to the aluminum frames as to not allow 

wind, water or debris from entering the envelope.

This is done via the STRUCTURAL SILICONE. 

1.  The glass must absorb impacts from wind 
borne debris and still maintain its integrity 

and protect the building envelope.

This is done via the GLASS INTERLAYER. 



2. Products and Technologies (cont.)
The Critical Load Path
The Building Substrate

This is an area much neglected by delegated engineers 
in shop drawings when they rely on information 

provided to them by the contractors.

However, it is one of the most critical aspects of 
ensuring a successful load path transfer has been 

created.

Substrate conditions to consider can include:
• Wood Bucks
• Metal Studs

• Hollow Masonry Block
• Filled Masonry Block
• Stone or Brick Veneer

• Steel Frame
• Concrete

• Wood Frame



2. Products and Technologies (cont.)
The Critical Load Path
The Building Substrate

IS THE SUBSTRATE ADEQUATE TO TRANSFER THE LOAD TO THE BUILDING 
STRUCTURE?

• WOOD BUCKS:  1x, 2x, full depth, wood values, connection

• METAL STUDS: gage, backing, bracing, buckling

• HOLLOW MASONRY BLOCK: anchor reductions, tools, joints

• FILLED MASONRY BLOCK: anchor location, edge dist., anchor reductions

• STONE OR BRICK VENEER: capacity, anchor values



3. Product Certifications and Testing

http://www.miamidade.gov/development/products/control-forms.asp#Other



 TAS 201: 
 Large Missile Impact (Wood 2x4)
 Small Missile Impact (30 Steel Balls)

 TAS 202: Uniform Load Test, Air and Water 
Infiltration

 TAS 203: Cyclic Loading: 9000 total cycles

3. Product Certifications and Testing (cont.)



3. Product Certifications and Testing (cont.)

Product Approvals:

Just because a product has a certification or product approval 
does not mean it is acceptable for use on all projects

Some limitations include:
• Design load
• Glass areas
• Different levels or reinforcement
• Water Infiltration



A COMPLETE SET OF SHOP DRAWINGS SHOULD INCLUDE:

1. The Design Criteria 

2. General Notes

. 3. Product Information 

4. Building information

5. Product Elevations

6. Product Installation Details 

4. Shop Drawings



1.  The Design Criteria:

• Applicable Code

• Referenced Standards

• Design Criteria used to determine the wind loads

• Material Properties

• Deflection Criteria

4. Shop Drawings (cont.)



2 The General Notes:

• Anchors

• Steel and Aluminum Grades and Alloys

• Welding

• Wood Bucks

• Metal Studs

• Maximum Shimming

• Notes to contractor

4. Shop Drawings (cont.)



3   Product Information 

• Manufacturer name and series

• Product approval number 

• Impact rating

• Glass type and thickness 

• Interlayer type and thickness

4. Shop Drawings (cont.)



4.  Building Information

• A well detailed plan

• Identification of Corner Zones

• Building Sections

• Building Elevations

4. Shop Drawings (cont.)



5.  Product Plan and Elevations

• Product Approval Number

• Design Wind loads

• Complete Dimensions

• Anchor layout

• Detail callouts

4. Shop Drawings (cont.)



6.  Product Installation Details

• Head, Sill, Jamb and Mullion details

• Internal reinforcing if required

• Anchor type, embedment, spacing and edge distance 
limitations 

• Substrate conditions

4. Shop Drawings (cont.)



4. Shop Drawings (cont.)

1. Study the shop drawings carefully and methodically in the office
 Spend enough time so that you understand full scope of the inspections

2. Do not ignore the non-detail or non-drawing oriented information
 General Notes
 Product Information
 Building Information

3. Go from large to small details
 Plan
 Elevation
 Details



4. Shop Drawings (cont.)



4. Shop Drawings (cont.)

Important things to look for within the plans:

1. Horizontal Layout
2. Product types
3. Interaction between varying product types and substrates
4. Elevation call outs
5. Section call outs
6. Rough opening and frame dimensions



4. Shop Drawings (cont.)



4. Shop Drawings (cont.)

Important things to look for within the elevations

1. Vertical Layout
2. Product types including approval numbers
3. Project design loads specific to the products
4. Zone locations
5. Interaction between varying product types and substrates
6. Detail call outs
7. Rough opening and frame dimensions



4. Shop Drawings (cont.)



4. Shop Drawings (cont.)

Important things to look for within the installation details 

1. Extrusion shapes
2. Substrate conditions
3. Connection details

• Anchor types
• Embedment
• Spacing
• Edge Distance
• Quantity

4. Allowable shim space
5. Glass byte
6. Silicone type
7. Weep holes
8. Interior vs Exterior orientation



 To become intimately familiar with the approved shop drawings

 To ensure the installation conforms to the approved plans

 To ensure that deviations from the approved plans are addressed 
by the delegated engineer

 To ensure that corrections are made to bring the deviations into 
compliance with the design intent as directed by the delegated 

engineer.

 To adequately perform your inspections to ensure that the 
installation complies with the product design capabilities.

5. Responsibilities and Limitations of Inspectors
RESPONSIBILITIES



WHAT SHOULD YOU DO WHEN YOU RUN ACROSS A DEVIATION 
FROM THE APPROVED SHOP DRAWINGS?

 Take initiative and resolve the issue on your own by instructing the 
contractor in remedial work.

 Approve the deviation if you feel qualified to do so.

 Leave it up to the contractor to come up with and implement a 
solution

 NOTE THE DEVIATION IN YOUR INSPECTIONS REPORT AND 
REQUEST THAT THE DELEGATED ENGINEER ADDRESS THE 

DEVIATION.

5. Responsibilities and Limitations of Inspectors
LIMITATIONS



 Verify and review city Approved Shop Drawings

 Verify Products Manufacturer and Sizes

 Verify Substrates are as shown on the approved shop drawings.

 Confirm Internal Reinforcement, if Required

 Confirm Glass Type, Thickness and Interlayer 

 Check Wood Buck and Mullion Connections

 Confirm  Anchor Type, Spacing, Embedment, Edge Distance

 Make Sure Shims are not Excessive

 Confirm Silicone for Missile Products

6. Identifying Deficient Installations
Inspection Requirements 



6. Identifying Deficient Installations (cont.)
Inspection Requirements 

There is only one sure way to know 
If internal mullion steel reinforcement
Is present in the required amount…
BY PERFORMING VISUAL 
OBSERVATION
PRIOR TO FRAME INSTALLATION 



6. Identifying Deficient Installations (cont.)
Inspection Requirements 

Interlayer type and thickness is critical to the performance of hurricane resistant
Impact rated glass.

Locating and identifying the glass bugs or markings are one way to determine 
if the right interlayer was used



7. Preparing Inspection Reports 

1. Be precise and concise

2. Include the pertinent information such as date, time, who was present, 
project permit number, address, project name.

3. Always takes lot of photos and include the most relevant in the reports.

4. Stay away from long paragraphs and instead use bulleted details.

5. Be cautious when rejecting installations and ask for clarification from 
the delegated engineer.

6. Identify follow up actions and who needs to follow up and by when.

7. Use reference to the shop drawing detail numbers.



7. Preparing Inspection Reports (cont.) 



7. Preparing Inspection Reports (cont.) 

FBC 110.3.7.4.1: 

To the best of my knowledge and belief, the above described construction of 
all structural load-bearing components complies with the permitted documents.



 Excessive shimming of framing

 Inadequate embedment, spacing or edge distance of anchors: 

 Improperly attached wood bucks:  

 Inadequately designed metal stud framing:  

 Improper substitution of glass type

8. Examples of Deficient Installations



8. Examples of Deficient Installations (cont.)
Excessive Shimming Of Framing: 

Imposes Bending Forces On Anchors 



8. Examples of Deficient Installations (cont.)

Causes Anchor Strength Reduction

Inadequate Embedment, Spacing Or Edge Distance Of Anchors: 

When anchors are spaced too close 
it causes their interaction cones to 
overlap and necessitates the use of 
a capacity reduction factor.



8. Examples of Deficient Installations (cont.)
Improperly Attached Wood Bucks 

Places Undue Burden On Anchors - May Not Be Adequate To Transfer Loads



8. Examples of Deficient Installations (cont.)
Inadequately Designed Metal Stud Framing:

May Not Transfer Loads To The Main Building Structure



8. Examples of Deficient Installations (cont.)
Improper Substitution Of Glass Type

Safety Glazing Designation

Do Not Get Confused Between Safety Glazing Designations And 
Hurricane Resistant Glass Designations. 



8. Examples of Deficient Installations (cont.)
Improper Substitution Of Glass Type

Hurricane Resistant Glass Designation 

Look For:
Glass makeup (Glass type and Interlayer combination)

If the shop drawings do not show it, ask the delegated engineer to provide 
glass specifications based on the product approval.



Hurricane Prone States and Regions



http://news.discovery.com/earth/early-hurricane-forecasts-what-are-they-worth-110407.htm

Historical Data



 Inspectors must be intimately familiar with the products they are 
inspecting prior to performing their inspections.

 Inspectors must know how to properly read a glazing shop drawing 
and identify any critical missing information in order to perform an 
adequate inspection.

 Inspectors are not responsible for making decisions when deviations 
occur and must insist on clear direction from the delegated engineer

 Performing a proper inspection of a hurricane resistant glazing system 
involves making sure that the entire critical path remains unbroken.

IN SUMMARY



QUESTIONS?
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