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Presenter
Presentation Notes
Background: Graduated UBC 2006, worked at LCL on co-op for 8 months in 2005.  Returned mid-2006 after finishing degree.  Approx. 3 years experience.  Design Engineer.  Engineering Office Manager.
Layton Background: Owned by Mark Layton, P.Eng.  Eric Skytte: Applied Technologist & Residential Manager.  Frank Hua, P.Eng.: Commercial Manager, David Vadocz, P.Eng. Specialty Work, Tammy Murray: Office Manager, Site Visit Co-ordination. 


Structural vs.
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Building Envelope?

e The Purpose of this Seminar is to Aid in the
Understanding of the Structural Requirements of
Glazing Systems and How they Pertain to the
Building Envelope.

 Too Often We, as Professionals
Find Ourselves Pitted Against
Each Other, Resulting in One
Discipline Often Feeling Ignored

FI's

I



Vs

Introduction
Engineering Process
 Wind Loads

e Seismic Loads

e Structural Concerns
e Glazing Types
Safety Glazing & Guard Loads
Glass Design

Design & Construction Process
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Engineering Process
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Presentation Notes
Project Requirements: From specs, building code, architectural drawings
Must always keep other effects and items in mind (dead load, snow load, people)
Safety: Can also adjust frame design to account for safety (discuss later).
Seismic: For window wall, primarily consider allowance for movement, therefore only seismic detailing.  Other options are to modify connections, laminate glass, rounded glass edges or change frame.






Wlnd Loads

1,‘2

Calculated from the Bwldlng Code
« Different from NAFS 2008 Wind Pressures
e Cladding Loads on Structural Drawings
 Wind Tunnel Reports

 Wind Pressure Depends on:
— Exposure
— Geographical Location
— Building Importance
— Building Height
— Local Terrain
— Element Being Engineered
— Location of the Element Being Engineered
— Checking Stress or Deflection
Fis
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Presentation Notes
Building Code is primary source for determining loads.
A440 is purely for testing of specifically sized specimens at specified wind pressures.  Used for rating and comparison.  
Structural Drawings (general notes) may have cladding loads specified (or in specifications).  Read the fine print and double check that loads appear reasonable.
Wind tunnel reports sometimes available on more complex projects.
Other items to be discussed in detail
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Exposure
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7 ROUGH
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e Level Terrain  Suburban
e Scattered  Urban

Obstructions e Wooded

* Open Water « Extends upwind for:

— 1 km, or
— 10 x Building Height
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Two categories. 
Interpretation is by Signing Professional
May have differences of opinion.  Even at Layton there are often differences.


OPEN
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Simple case.  1 km is estimate.
Houses within 1 km of open farmland would be open exposure.
Houses further back would be rough exposure.
Houses at back end of 1 km zone would be mixture.
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OPEN EXPOSURE

50 STOREY
HIGH-RISE?

OPEN EXPOSURE
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Buildings with approx. 1 km of water would be open exposure
Buildings further back are rough.
What if someone wanted to build a 50 storey high-rise?
The 10 x building height comes into effect.  If the building is approx. 1500 m from the shoreline, it should be considered open exposure
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Downtown Vancouver.
How do we deal with False Creek, which extends back into the city?
Is this open?
Or is it rough?
Decision by signing engineer. 


WHICH
| EXPOSURE?



Presenter
Presentation Notes
Downtown Calgary.
Mostly surrounded by city, but what about the riverfront area?
Do we consider this open or rough?
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Wind Loads
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e Geographical Location
— Determines gz,
— Provided in Appendix C of Building Code

e Building Importance

— Table 4.1.2.1 of Building Code

— Check Architectural & Structural Drawings or
Specifications

FIE
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Presentation Notes
Q50 is pressure given by building code.  This is based on measurements of wind speed in local regions. One in 50 year, or 2% chance of occurance in any year.
Importance factor is 1.0 for normal buildings.  15 to 25% increase for shelters and post-disaster buildings.
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Wind Loads
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R

e Local Terrain
— Hill or Escarpment Effects

 Building Pressure vs. Cladding Pressure
* Low-Rise and High-Rise
g- Corner and Non-Corner Zones
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Buildings on upper portion of a hill or escarpment are subjected to wind speed up.  AWD should contact LCL for a prelim review of wind loads in these circumstances.  For a slope greater than 1 in 10.
Building pressure is lower than cladding pressure.  Keep this in mind.
Low-rise (<20m) utilizes different calculations than a high-rise building.
Corner wind pressures are higher than wall pressures.  Parapet pressures are highest.


Low-Rise Buildings
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Wind Loads

R,

o Stress vs. Deflection
— Stress is Checked at Higher Wind Pressure
— Deflection Checked at 0.75 of Stress Load
— Either Could Govern Design

e Wind Drift
— Drift Can Affect Jamb Joint Detailing
é — Wind Drift Governs on Tall Structures
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Stress is checked at higher pressure to prevent ultimate failure of structure.  
Deflection is a serviceability issue.
Either could govern, as the calculations are based on different formulas (L^2 for stress, L^4 for deflection).  
E.g. 2ft squared is 4, 2 ft to the fourth is 16.  9 ft squared is 81.  9ft to the fourth is 6561.  At stress level, IG unit may fail, but prevent catastrophic failure.


Drift

e What Do You Do when the Drift Exceeds 1/2” ?




ROUGH EXPOSURE - METRIC (kPa)

BUILDING HEIGHT

For estimation use only. Not for detailed engineering de
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sign or construction. Copyright © Layton Consulting Ltd.
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CITY
4m 8m 12m 16m
British Columbia

Burnaby 1.0 1.0 1.0 1.1
Coquitlam 1.0 1.0 1.0 1.1
Kamloops 0.8 0.8 0.8 0.9
Kelowna 1.0 1.0 1.0 1.0
Nanaimo 1.3 1.3 1.3 14
New Westminster 1.0 1.0 1.0 1.0
Penticton 1.2 1.2 1.2 1.3
Prince George 0.8 0.8 0.8 0.8
Prince Rupert 1.1 1.1 1.1 1.2
Richmond 1.0 1.0 1.0 11
' . Surrey 1.0 1.0 1.0 1.0
Vancouver 1.0 1.0 1.0 11
Victoria 1.3 1.3 13 14
Whistler 1.0 1.0 1.0 1.1
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Sample rough exposure with a building 20 m or less in height.  
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High Rise Wind-Chart
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ROUGH EXPOSURE — METRIC (kPa)
CITY 15m 30m 45m 60m 75m 90m 105m
British Columbia
Burnaby 1.4 1.7 1.9 2.0 2.2 2.3 24
Coquitlam 1.4 1.7 1.9 2.0 2.2 2.3 24
Kamloops 1.2 1.4 1.6 1.7 1.8 1.9 2.0
Kelowna 1.4 1.6 1.8 2.0 2.1 2.2 24
Nanaimo 1.8 2.2 24 2.7 29 3.0 3.2
New Westminster 1.4 1.6 1.8 2.0 2.1 2.2 24
Penticton 1.7 2.0 2.3 2.5 2.7 2.8 3.0
Prince George 11 1.3 14 1.6 1.7 1.8 1.9
Prince Rupert 1.6 1.9 2.1 2.3 2.4 2.6 2.7
Richmond 1.4 1.7 1.9 2.0 2.2 2.3 24
Surrey 1.4 1.6 1.8 2.0 2.1 2.2 2.4
Vancouver 1.4 1.7 1.9 2.0 2.2 2.3 2.4
| Victoria 1.8 2.2 24 2.7 29 3.0 3.2
‘| Whistler 1.4 1.7 1.9 2.0 2.2 2.3 24
. ? e Y
oy ' B it o
For estimation use only. Not for detailed engineering design or construction. Copyright © Layton Consulting Ltd.
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Questions on Wind Loads?
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Seismic Loads

wWind Lod Typically Governs On Glazing
Must Consider Seismic Effects

* Inter-storey Drift Limited to 0.02 or 0.025 x hg

e Example:
g — Floor Height = 9 ft (2.74 m)
¢ —DrnftLimit =2.7 In (68.6 mm)
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Presentation Notes
Wind load typically governs for design of window wall and other window systems.  
However, must still consider the impact of seismic movement on the system
This is required in most regions, even if not typically consider a seismic zone.  Not required for regions with Sa(0.2)<0.12.  Therefore, Kelowna is included. Calgary??
Drift limit is a LIMIT.  It is the maximum the structural engineer can allow.  Actual building may have less.


® B 75
Seismic Loads

* Design Lateral Drift Depends on:
— Seismic Force
— Building Stiffness
— Location Geological Conditions

e |Lateral Drift Information Must Come From
Structural Engineer

;» Drift Will Affect the Building Design and
« Glazing Requirements at Head and Jamb
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Presentation Notes
Example: Kelowna apparently has very soft soil in some locations. 
Building also designed for lower forces, so might be more flexible than a building in Vancouver.
A building built on rock in Vancouver may perform better than a building built on soft soil in Kelowna


Structural Concerns:

~ Lateral Drift

Wood Frame: Drift is
Difficult to Calculate
or Model. Building Code
Requirement is 2"

e Concrete/Steel: Drift Can
g Be Reduce by Bracing
And Shear Elements
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Structural Concerns

. Building Flexibility

— The More Flexible the Building, the More it can
Absorb Energy.

— The Stiffer the Building, the Less it can Absorb
Energy. This Results in Very High Reaction
Forces, Requiring Complicated Computer
Modeling

jiE



ther Effects
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e Thermal Performance:
— Shading From Sun Shades/ Bldg. Facades
— U - Values
— Solar Heat Gain
e Moist Conditions
— Swimming Pools,
Solariums & Saunas
— Poor HVAC Design
or Ventilation
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Other Effects Cont.

« Connections
— Glazing to Structural System
— Fabrication of Glazing System
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Building Envelope Concerns
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 Drift Affects Structure on a Spectrum
— The Higher the Dirift, the More Flexible the Structure
— The Lower the Drift, the more Stiff the Structure

e Load Bearing Affects On Membrane/Sealants
— Uniform Load (Distributed over shims) vs. Point Load

Hé- Penetration of Building Envelope for Fastening
<« of Windows, Doors and Exterior Cladding.

— Example: Sliding Door Sill Fastening

e

I
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Sill Fastenlng Through Flange

Often We Flnd
That the Sills
Require Fastening,
Yet There is a
Reluctance to
Penetrate the
Membrane
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Exterior Fastening OK?

x|,

e Can We Trust The Manufacturers
Specifications/ Warrantee?
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Questions on Seismic?


Glass Types

There are 4 Main Types of Glass that we
use In the Glazing Industry:

* Float Glass
 Tempered Glass
g- Heat Strengthened Glass

e Laminated Glass

— PVB
— SGP

FIE
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Float Glass

Float Glas IS Manufactured by Pouring or “Floating”
Molten Glass onto a Bed of Molten Metal (Tin)

 Float Glass Is the Least Expensive
* Float Glass is Not a Safety Glass

o Failure Under Stress Creates
Large, Jagged Shards

It is the Base Material from

which tempered and laminated
glass is made
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Tempered Glass

s
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| Tempered Burn Marks Are
| Usually Clearly Visible in One |
- of the Four Corners of The
Glass Panels. Look at the
Glass Sliding Doors on Your
Next Residential Project!

Tempered Glass is Much
Stronger than Float Glass, but
Also Much More Expensive

Tempered Safety Glass is
Float Glass that is Heated
and than Rapidly Cooled

If Broken, Tempered Safety
Glass Will Shatter into Small,
Similar Sized Fragments.

Tempered Glass Cannot Be
Re-cut, Drilled or Ground
Once It is Tempered

T
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Heat Strengthened Glass

s

e Heat Strengthened Glass is Semi-Tempered Glass And
IS Therefore Not as Strong

 Heat Strengthened Glass Is Used
In Areas Where There is a High
Thermal Differential

e Heat Strengthened Glass Is usually
Used in Single Glazed Spandrel
Panels Where the Inner Layer is
An Insulated Metal Back Pan

jiE
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Lammated Glass

1,"

Laminated Glass IS The Binding of at Least Two Glass
Sheets Into One or More Layers With Plastic Folls
Utilizing high temperature and Heat

 There Are Two Types Of Laminated Glass:

— Poly Vinyl Butyl: PVB inner layer remains soft (You Can Squish
it With Your Fingernail). It is the Most Common Safety Glass

— Polycarbonate: SGP Laminated PVC is Hard, Expensive and
Used Mostly in High to Post Disaster Importance Buildings

If Laminated Glass Breaks it Will Follow the Glass Break
Pattern, but Will Remain Bonded to the Laminated Inner

Layer
yrs
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Tempered Glass
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Questions on Seismic?


Safety Glazing

Section 4 1.5.17 of 2006 BCBC:

« Determining if Window Wall Meets Guard Load is Duty
g of Signing Professional

FEN BC Technical Committee Guidelines
~ Rule is 30” or Less

USA Code - IBC 18" or Less

|
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The code does not provide exact prescriptive guidelines on meeting guard load. 
This is up to engineer. 
Horizontal can be guard if close to 42” height.  In this case, glass is infill panel.
Glass can be a guard, but must consider overall safety aspects.  Can it take the load?
Will likely be tempered.
Requires finite element analysis due to four-sided support.
Must design for redundancy
GCA has provided some guidelines.  Future guidelines to be generated.


Safety Glazing

%

/,

Section 9. a"hd 9.7 h
2006 BCBC

— Prescriptive Safety
Glazing Requirements

— Local Authority
Modifications (VBBL
requires cap/railing)

LCL Reviews Structural
Safety Aspects Only

Architect / Code
Consultant to Determine
Emergency, Egress etc. ©
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Building Code provides some prescriptive guidelines of when designing for a guard load is required.


(]

lass Guard

& |

 Three ain Components to All Glass
Guards:

— Fastening to Structure: Shoe, Standoffs or
Bracket

— Glass Considerations: Type and Size
g — Cap or Handrail Requirements

FIs



Connection To Structure
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Connection To Structure
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Connection To Structure
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Connection To Structure
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Considerations

Edge Distance

Substrate material: Wood, Concrete, Steel Embeds
Type of Fasteners: Stainless Steel, Cadmium Plated
Connections: Bolts, Screws or Welds

Steel Shoe Finishes: Painted or Galvanized

Steel Shoe Thickness: 1/4”, 5/16”, 3/8”

Grout Type: Expanding, Exterior Rated, Non Shrink

Shims: Wood or Plastic

I
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Glass Guard Considerations

MONOLITHIC

 Advantages:
— Solid
— Tempered Glass

« Disadvantages:

LAMINATED

Adhered to Laminate

— Alerts Public When One
Lite Is Broken Without

— Breakable Completely Failing.
— Open Void Once Glass Disadvantages:
Breaks ges.

— When Both Lites Break
They Act Like a Very
Heavy Wet Blanket

— Delamination is a Concern
In Wet/Moist Conditions

i

 Advantages:

I — Each Lite Tempered And
E
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Cap & Handrall

In 2012, The City of Toronto Put Together a Panel to
Discuss the Issue of Glass Guard Failures After 30
Incidents Were Reported In The Previous Year. One of
the Main Attributes To this Problem was Found to be
That “Balcony Glass has Not Been Designed with Glass
Breakage In Mind” www.man.gov.caipagessss.aspy

The Building Code Requires That All Guard Rails Be:
— Fully Installed Prior to Occupancy

— Adequately Secured to Glass / Structure

— Sufficiently Strong

e
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- According to Sentence 4.3.6.1.(1) of Division B of 2007 VBBL,
glass shall be designed in accordance with CAN/CGSB-12.20-M for all

Part 3 buildings.

4.3.8.1. Design Basis for Glass

1) Glass used in buildings shall be designed in conformance with CAN/CGSB-~12.20-M,
“Structural Design of Glass for Buildings™.

Under 7.1 Glass Guards and Balustrade of CAN/CGSB-12.20-M
states that:

b. Any free standing glass guard shall be capped by a rail which is continuous over two or more
lights. The glass guard shail resist the factored design load after failure of alternate lights.

Therefore, top cap is mandatory for free standing glass guard as per
CAN/CGSB-12.20-M and it is further explained in the Appendix notes:

AS5. GLASS GUARDS AND BALUSTRADES

A5.1 When a brittle material with variable mechanical properties like glass is used as structural
component with the potential for catastrophic consequences in the avent of failure, both
increased toad factors and alternative load paths are required In the design. For glass guards
and balustrades the standard addresses these factors by the requirement for aiternate lights to be
assumed failed in the strength determination, and a rigid continuous guard over two or mare

lights.
. T T T




For Part 9 buildings, Article 9.8.8.7. Glass in Guards applies to glass
forming part of the metal or wood guards and does not applies to free
standing glass guards or glass panel without top guard. Senterice
9.8.8.7.(1) refers to CAN/CGSB-12.1-M, "Tempered or Laminated
Safety Glass". In the Scope of CAN/CGSB-12.1 it states that

this standard applies to safety glass intended primarily for use in doaors
and adjacent glazed panels etc..

Therefore, if glass used in Part 9 buildings other than those under the
prescriptive provisions, such as 9.8.8.7., shall be designed according
to Part 4 as specified in Article 9.4.1.1. That means Sentence
4.3.6.1.(1) of Division B of VBBL, and CAN/CGSB-12,20-M applies to
structural design of free standing glass guard for all Part 9 buildings.

In conclusion, free standing glass guard shali be capped by a rail which
is continuous over 2 or more lights for all Part 3 and Part 9 buildings and
glass panel without top rail is not permitted.

o | J; ]




GLASS GUARDS AND GLASS IN GUARDS

Free standing glass guard must be designed to Part 4 for all Part 3 and Part 9 Buildings:
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Glass panel in guards without top rail is not permitted.
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Cap & Handrall
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Failed Guard
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Questions on Safety?


© S
lass Design

R
e Glass Design to CAN/CGSB 12.20-M89

e Glass Design Under BCBC

e Current Wind Factors x 1.4 for Stress, 0.75 for
Deflection

5
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Standard is rather outdated.  Current issues with renewal.
AWD choice on using corner or non-corner loads.  
We have provided corner loads only at this time.


Software: S-Frame

< |

e Factors In oth Stress and Deflection of Glass Once
Loads Are Applied

Bt
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Thermal Modeling
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Questions on mullion charts
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Engineering Process

R

LCL RECEIVES PRELIMINARY DRAWINGS
(REVIEW AT SAME TIME AS ARCHITECT/
BLDG. ENVELOPE CONSULTANT)

SHOP
DRAWINGS
PREPARED

GLAZING CONTRACTOR PREPARES
FINAL SHOP DRAWINGS AND SUBMITS
TO LCL AFTER ARCHITECT APPROVES

LCL STAMPS FINAL
SHOP DRAWINGS [5
BUSINESS DAYS]

LETTERS OF

INSTALLATION

RELEASED IF N
CONTACT LCL SENERAL

CONFORMANCE
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Let all professionals do review at same time, assuming that good base drawings.
AWD to incorporate changes from ALL professionals before submittal for stamping.
MAKE A NOTE ABOUT ELECTRONIC STAMPING.
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Site Visits

. Purpos:

— P.Eng. Must Determine if the Actual
Installation is in General Conformance with
the Shop Drawings and Building Code

e Not an Inspection
ﬁ' Required by the Building Code
.* Enforced by Local Municipality
7 Letters of Assurance — SB, SC

i [
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An inspection is a detailed review of the installation.  It may involve testing etc.
We are there for general conformance only.  We do not look at every window and item.


Letters of Assurance

",
e Schedule SB.

— Assurance of Professional Design and Commitment to Field
Review

— Guarantees That Drawings Have Been Professionally
Engineered.

— Summary of Design and Field Review Requirements
— Indicates Scope of Work

e Schedule SC:

| — Assurance of Professional Field Review and Compliance
— Submitted After Completion of Work
— States that Scope of Work Complies with Schedule SB

FIE
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Talk about risk of issuing C-B before all items corrected.
Source of conflict with our clients


Questions?

Layton Consulting Ltd.

#301-19978 72" Avenue
Langley, BC
V2Y 1R7

Tel: 604-530-6611
Fax: 604-530-6101

Email: info@Ilaytonconsulting.com

4 www.laytonconsulting.com

o Primary Contacts

Mark Layton, P.Eng. P.E.
Principal
Email: mark@laytonconsulting.com

lvan Chu, EIT
Design Engineer
Email: ivan@Ilaytonconsulting.com

Eric Skytte, AScT
Manager of Residential Projects
Email: eric@laytonconsulting.com

~ Ashlee Flierl
Administrative Manager & Site Visit Coordinator
Email: ashlee@laytonconsulting.com
EFEWF s

Jonathan Layton

Engineering technologist

Email: jonathan@laytonconsulting.com
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