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This standard is issued under the fixed designation C 1401; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope C 162 Terminology of Glass and Glass Prodéicts
1.1 Structural sealant glazing, hereinafter referred to as C 503 Specification for Marble Dimension Stone (Exte-
SSG, is an application where a sealant not only can function as _fon)? o .
a barrier against the passage of air and water through a building C 509 Specification for Elastomeric Cellular Preformed
envelope, but also primarily provides structural support and _CGasket and Sealing Materfal
attachment of glazing or other components to a window, C 510 Test Method for Staining and Color Change of
curtain wall, or other framing system. Single- or Multicomponent Joint Sealafits
1.2 This guide provides information useful to design pro- C 568 Specification for Limestone Dimension Stbne
fessionals, manufacturers, contractors, and others for the de-C 615 Specification for Granite Dimension Sténe
sign and installation of a SSG system. This information is C 717 Terminology of Building Seals and Sealants
applicable only to this glazing method when used for a building C 719 Test Method for Adhesion and Cohesion of Elasto-
wall that is not more than 15° from vertical; however, limited meric Joint Sealants Under Cyclic Movement (Hockman
information is included concerning a sloped SSG application. _Cyclef o .
1.3 Only a silicone chemically curing sealant specifically C 794 Test Method for Adhesion-in-Peel of Elastomeric

formulated, tested, and marketed for structural sealant glazing Joint Sealants

is acceptable for a SSG system application.
1.4 The committee with jurisdiction for this standard is not

C 864 Specification for Dense Elastomeric Compression
Seal Gaskets, Setting Blocks and Spaters

zations. Stoné¢ o
1.5 The calculations and values stated in SI units are to be C 920 Specification for Elastomeric Joint Sealénts

regarded as the standard. Values in parenthesis and inch-pound® 1036 Specification for Flat Glass _
units are for information only. SI units in this guide are in € 1048 Specification for Heat-Treated Flat Glass—Kind

conformance with IEEE/ASTM SI 10. HS, Kind FT Coated and Uncoated Glass

1.6 This standard does not purport to address all of the C 1087 Test Method for Determining Compatibility of
safety concerns, if any, associated with its use. It is the Liquid-Applied Sealants with Accessories Used in Struc-
responsibility of the user of this standard to establish appro- _tural GlaZ'ng_Systen*’s S
priate safety and health practices and determine the applica- C 1115 Specification for Dense Elastomeric Silicone Rub-

bility of regulatory limitations prior to use. ber Gaskets and Accessofies o _ _
C 1135 Test Method for Determining Tensile-Adhesion

Properties of Structural Sealahts

C 1172 Specification for Laminated Architectural Flat
Glass

C 1184 Specification for Structural Silicone Sealants

C 1193 Guide for Use of Joint Sealahts

C 1201 Test Method for Structural Performance of Exterior
Dimension Stone Cladding Systems by Uniform Static Air
Pressure Differenée

C 1248 Test Method for Staining of Porous Substrates by

1 This guide is under the jurisdiction of ASTM Committee C24 on Sealants and Joint Sealants

is the direct responsibility of Subcommittee C24.10 on Specifications, Guides and C 1249 Guide for Secondary Seal for Sealed Insulating
Practices.

Current edition approved May 10, 2002. Published July 2002. Originally
published as C 1401-98. Last previous edition C 1401-98.

2 Annual Book of ASTM Standardgol 04.07.

2. Referenced Documents

2.1 ASTM Standards:

B 117 Practice for Operating Salt Spray (Fog) Apparatus

C 99 Test Method for Modulus of Rupture of Dimension
Stoné

C 119 Terminology Relating to Dimension Sténe

2 Annual Book of ASTM Standardgol 15.02.
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Glass Units for Structural Sealant Glazing Applicatfons E 1825 Guide for Evaluation of Exterior Building Wall
C 1253 Test Method for Determining the Outgassing Poten-  Materials, Products, and Systefns

tial of Sealant Backing E 1886 Test Method for Performance of Exterior Windows,
C 1265 Test Method for Determining the Tensile Properties  Curtain Walls, Doors and Storm Shutters Impacted by

of an Insulating Glass Edge Seal for Structural Glazing  Missile(s) and Exposed to Cyclic Pressure Differentials

Applicationg E 1996 Specification for Performance of Exterior Windows,

C 1294 Test Method for Compatibility of Insulating Glass Glazed Curtain Walls, Doors and Storm Shutters Impacted
Edge Sealants with Liquid-Applied Glazing Materfals by Windborne Debris in Hurricanés

C 1330 Specification for Cylindrical Sealant Backing for G 15 Terminology Relating to Corrosion and Corrosion
Use With Cold Liquid-Applied Sealartts Testing

C 1369 Specification for Secondary Edge Sealants for 2.2 IEEE/ASTM Standard:
Structurally-Glazed Insulating Glass Urdits IEEE/ASTM SI 10 Standard for Use of the International

C 1392 Guide for Evaluating Failure of Structural Sealant ~ System of Units (SI): The Modern Metric Syst&m
Glazing 2.3 Aluminum Association Manual:

C 1394 Guide for In-Situ Structural Silicone Glazing Evalu-  Aluminum Design ManuaP
atior? 2.4 ANSI/ASCE Standard:

C 1472 Guide for Calculating Movement and Other Effects ANSI/ASCE 7, Minimum Design Loads for Buildings and
When Establishing Sealant Joint Width Other Structure's

C 1487 Guide for Remedying Structural Sealant Glazing 2.5 AAMA Standards:

D 1566 Terminology Relating to Rubifer 501.1 Standard Test Method for Metal Curtain Walls for

D 2203 Test Method for Staining from Sealants Water Penetration Using Dynamic Pressdre

D 4541 Test Method for Pull-Off Strength of Coatings 501.2 Field Check of Metal Curtain Walls for Water Leak-
Using Portable Adhesion Testérs age?

E 283 Test Method for Determining the Rate of Air Leakage TIR-A11-1996 Maximum Allowable Deflection of Framing
Through Exterior Windows, Curtain Walls, and Doors Systems for Building Cladding Components at Design
Under Specified Pressure Differences Across the Speci- Wind Loads?
merf 2.6 ANSI Standard:

E 330 Test Method for Structural Performance of Exterior Z97.1 Safety Performance Specifications and Methods of
Windows, Curtain Walls, and Doors by Uniform Static Air Test for Glazing Materials Used in Buildints
Pressure Differenée 2.7 CPSC Standard:

E 331 Test Method for Water Penetration of Exterior Win- 16 CFR 1201 Standard on Architectural Glazing Matettals
dows, Curtain Walls, and Doors by Uniform Static Air
Pressure Differenée 3. Terminology

E 547 Test Method for Water Penetration of Exterior Win- 3 1 pefinitions

dows, Curtain Walls, and Doors by Cyclic Static Air 311 Refer to Terminology C 119 for definitions of the

Pressure Differenée _ following terms used in this guide: dimension stone, granite,
E 631 Terminology of Building Constructiofs hysteresis, limestone, and marble.
E 783 Test Method for Field Measurement of Air Leakage "3 1 2 Refer to Terminology C 162 for definitions of the
Through Installed Exterior Windows and Dobrs following terms used in this guide: chip, chipped glass, double

E 1105 Test Method for Field Determination of Water gia7ing unit, flat glass, glass, heat-strengthened glass, heat-
Penetration of Installed Exterior Windows, Curtain Walls, {reated, laminated glass, lite, pyrolitic coating, safety glass,
and Doors by Uniform or Cyclic Static Air Pressure gyyjight, spandrel glass, tempered glass, thermal stress, tough-

Differencé _ ened glass, and wave.
E 1233 Test Method for Structural Performance of Exterior 3 1 3 Refer to Terminology C 717 for definitions of the

Windows, Curtain Walls, and Doors by Cyclic Static Air fs|jowing terms used in this guide: adhesive failure, bicellular

Pressure Difference o _ sealant backing, bite, bond breaker, butt glazing, cell, chemi-
Eirfgé)t?ild?rrlzglce for Determining Load Resistance of Glasgq)ly curing sealant, closed cell, closed cell material, closed
E 1424 Test Method for Determining the Rate of Air Leak-

age Through Exterior Windows, Curtain Walls, and Doors

Under Specified Pressure and Temperature Differences 7 Annual Book of ASTM Standardgol 04.12.

Across the Specimén ® Annual Book of ASTM Standardéol 03.02.
. - . ° Annual Book of ASTM Standardgol 14.02.
E 1425 Practice for Determlnmg the Acoustical Perfor- 19 Available from the Aluminum Association, 900 19th St., N.W. Washington,

mance of Exterior Windows and Do6rs DC 20006.
11 Available from American National Standards Institute, 25 W. 43rd St., 4th
Floor, New York, NY 10036.
12 Available from the Architectural Aluminum Manufacturers Association

4 Annual Book of ASTM Standardgol 09.01. (AAMA).
S Annual Book of ASTM Standardgol 06.02. 13 Available from the Consumer Product Safety Commission (CPSC), Washing-
¢ Annual Book of ASTM Standardgol 04.11. ton, D.C. 20207.
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cell sealant backing, cohesive failure, compatibility, com- AT,
pound, cure, durability, durability limit, elastomeric, elonga- AT, winter temperature differential °C (°F).

tion, gasket, glazing, glazing construction site, hardness, jointf, allowable structural sealant dead load stress kPa
lite, modulus, open cell, open cell material, open cell sealant (psi).

backing, outgassing, premature deterioration, primer, sealf, allowable structural sealant tension stress kPa (psi).
sealant, sealant backing, secant modulus, service life, setting, allowable structural sealant shear stress kPa (psi).
block, shop glazing, silicone sealant, spacer, structural sealant; computed tensile stress kPa (psi).

substrate, thickness, and tooling. f, computed shear stress kPa (psi).

3.1.4 Refer to Terminology D 1566 for the definition of the H heat capacity constant.
following term used in this guide: compression. L side of lite or panel m (ft).

3.1.5 Refer to Terminology E 631 for the definitions of the -1 long side of lite or panel m (ft).

; . ’ T hort side of the lite or panel m (ft).

following terms used in this guide: air-leakage, anchorage,o/2 S P

o . % shear movement percent.
anchorage system, t_>U|Id|ng envglope, cladding system, curtai y lateral load due to wind kPa (psf).
wall, glaze, mechanical connection, m_ockup, operable, pan_eIR radius of a lite or panel m (ft).
performance standard, sealed insulating glass, shop drawing; structural sealant joint thickness mm (in.).
specification, static load, tolerance, water-vapor retarder, weepty, ambient summer temperature °C (°F).
hole, and working drawing. T, summer surface temperature °C (°F).

3.1.6 Refer to Terminology G 15 for the definition of the T, ambient winter temperature °C (°F).
following term used in this guide: chemical conversion coat- W unit weight of lite or panel kg/m(lb/ft?).
ing. ) angle in degrees.

3.2 Definitions of Terms Specific to This Standard: _

3.2.1 aspect ratio (AR)n—the ratio of the long dimension 4. Summary of Guide
of the glass to the short dimension of the glass. AR is always 4.1 Generai—This guide has been subdivided into major
equal to or greater than 1.0. headings. A very brief description of each major heading is

3.2.2 negative pressuren—an applied load, usually wind provided to assist the reader in locating general areas of
induced, that tends to pull a glass lite or panel away from dnformation. For a more detailed listing of guide topics and
building surface. section headings, refer to Appendix X1 for a complete listing

3.2.3 opacifier, n—an opaque material applied to the inte- of the numbered sections and their descriptors.
rior facing surface of a glass spandrel panel, which can include 4.2 Predesign Considerations (Secti@), in general, the
materials, such as adhesively applied organic films, a liquidresponsibilities and relationships of the various participants in
applied silicone coating, or a fired-on ceramic enamel frit.  SSG system development and implementation.

3.2.4 panel| n—a cladding material other than glass that is 4.3 Performance Criteria Considerations (Sectiorisl4),
manufactured or fabricated from solid, laminated or composité&SG system structural loads, movements, construction toler-
assemblies of materials such as dimension stone, metal @nces, weather tightness, sound transmission, fire resistance,
plastic. and durability.

3.2.5 positive pressuren—an applied load, usually wind 4.4 System Design Considerations (Sectid8s18, infor-
induced, that tends to push a glass lite or panel inward from gnation is provided about the basic types of SSG and related

summer temperature differential °C (°F).

building surface. systems, as well as system weatherproofing concepts.

3.2.6 snap time n—the time in minutes at which a multi- 4.5 Component Design Considerations (Sectidr#26),
component sealant tears within itself and does not string whefiaming systems, framing finishes, glass, panels, structural
a spatula is removed from the curing sealant. sealants, weather seal sealants, and accessory material infor-

3.2.7 stick systemn—a metal framing system of numerous mation. . . . .
elements that is construction site assembled and field glazed,4.6 Structural Sealant Design Considerations (Sectidris
usually in-place on the face of a building. 31), structural joint location and configuration, adhesion and

3.2.8 thermal bridge n—a method that transfers thermal compatibility concerns, theoretical structural design, and other
energy, usually by means of a metallic path from the interior tgdesign and weather seal considerations. _
the exterior of a window or curtain wall system. 4.7 Testing Considerations (Sectior32-37), predesign

3.2.9 unitized systepn—a panelized metal framing system scale model wind and snow load testing, design and fabrication
that is preassembled and usually shop-glazed, with the panet@mponent testing for quality, adhesion, and compatibility, and

transported to a construction site for erection on a building. full-size assembly mock-up testing information.
3.3 Symbols: 4.8 Shop Glazing Considerations (Sectid3%-42, materi-

als prequalification, quality control programs, and inspection
and testing quality assurance issues.

A = solar absorptivity coefficient. 4.9 Construction-Site Glazing Considerations (Sectid8s

o = coefiicient of linear thermal movement mm/mm/°C 47 materials prequalification, quality control programs, and
(in./in./°F). o _ inspection and testing quality assurance issues.

B = structural sealant joint bite mm (in.). =~ 4.10 Post-Installation Considerations (Section8-51),

C = perpendicular distance between parallel sides m (ft). o ,5jity control, maintenance, and periodic monitoring pro-

AL = thermal movement mm (in.). grams.
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5. Significance and Use should authorize required maintenance, structural repairs, and

5.1 The old saying “A chain is only as strong as its weakesfepPlacement of components expeditiously.
link” is very applicable to a SSG system. In reality, a SSG 6.3 Architect—The architect should provide the basic sys-
system, to be successful, must establish and maintain a chain®m design concept, performance criteria, and a cost estimate
adhesion. For example, a factory applied finish must adhertor the owner’s review and approval. The architect also should
adequately to a metal framing member, a structural glazingrovide the owner with an explanation of the SSG system
sealant to that metal finish, that structural glazing sealant to design concept, degree of risk involved, and maintenance and
reflective coating on a glass lite, and lastly, that reflectiveeventual replacement requirements. The architect has the
coating to a glass surface. This guide will assist in theresponsibility to conduct a feasibility review of the basic
identification and development of, among others, performancdesign concept, system features, and material requirements
criteria, test methods, and industry practices that should bwith potential manufacturers and contractors. The architect
implemented to obtain the required structural glazing sealardlso should engage a SSG system consultant, if one is needed,
adhesion and compatibility with other system components. and provide contract documents (working drawings and speci-

5.2 Although this guide has been arranged to permit easfications) in accordance with the chosen construction method
access to specific areas of interest, it is highly recommendead the architect’s professional services agreement. Construc-
that the entire guide is read and understood before establishingn administration by the architect usually includes, among
the requirements for a particular SSG system. others, shop drawing, product data, sample review, and ap-

5.3 This guide should not be the only criteria upon whichproval or other appropriate action. The architect also makes
the design and installation of a SSG system is based. Then-site visits in accordance with the professional services
information herein is provided to assist in the development oagreement.
a specific program with a goal of achieving a successful SSG ¢ 4 Consultant—A consultant usually is engaged by the
system installation. Information and guidelines are providedyychitect but also can be engaged by the general contractor,
for the evaluation, design, installation, and maintenance of @yrtain wall subcontractor, or the owner. The consultant
SSG system and many of its various components. Consideringrovides guidance and technical expertise and establishes

the range of properties of structural glazing silicone sealants, aaquirements for the design and implementation of the SSG
well as the many types of framing system designs, materia%,stem’ among others.

combinations that can be used, various material finishes, an
the many types and varieties of accessories, the informatioaI
contained herein is general in nature.

6.5 Building Code Authority—All codes accept traditional
azing with conventional mechanical glazing retainage; how-
ever, some jurisdictions may permit SSG systems only with

54 Generally, Fhe design, fabrlcanon, and installation C.)f a'supplementary mechanical retainage. Other code jurisdiction
SSG system requires more technical knowledge and eXpe”en?@quirements can include, among others, establishment and

then is required for a conventionally glazed window or curtaingq ification of specific structural sealant material properties,

\_/vall system. To ensure the_success of_a SSG system, 't Bontrolled inspection of a SSG system installation, and post-
important that suppliers, fabricators, and installers of mate”alﬁwstallation periodic inspection and certification programs. For
and ‘components have a _sound knowledge_of SSG Sys'[.e@(ample, the ICBO Evaluation Service, Inc., a subsidiary of the
requirements and'become |n'volved in the design and plannlnﬁ’\ternational Conference of Building Officials (ICBO), which
for each application. Suppliers of, among others, sealantg jishes the Uniform Building Code (UBC), requires fulfill-

framing finishes, glazing materials and components, and vark ent of certain criteria before a structural sealant is acceptable

ous accessories should review and agree with the develop%ir use in jurisdictions that have adopted the UBC. Code

SSG system plans, requirements, and quality control prograné‘cceptance criteria may involve testing and conditions of

PREDESIGN CONSIDERATIONS testing that normally are not conducted by structural sealant
manufacturers or require conditions of use that will limit the
6. Roles of Major Participants type and character of a SSG system. Additionally, other code

6.1 Genera—Responsibility for the design, implementa- requirements for example impact resistance may also have an
tion, and maintenance of a SSG system depends largely on tgéfect on the design of an SSG system (See 8.6) The building
contractual relationships between the participants and theffode and the specific code jurisdiction authorities should be
extent of participation. This relationship can vary on individualconsulted prior to any SSG system detailed design.
projects, but it should be established clearly at the beginning 6.6 Contracto—The contractor selects the subcontractors
and understood by all concerned parties. The following deand reviews, approves, and submits to the architect submittals,
scriptions briefly describe the normal roles and duties generallguch as shop drawings, product data, and samples. The
ascribed to the participants, which usually is adequate for theontractor also performs the construction and other services in
development of a SSG system. accordance with the contract documents and the approved

6.2 Building Owner— The building owner should review submittals. Supervision, direction, and coordination of the
and approve the design concept and budget for the developenstruction and other services, to assure compliance with the
ment and implementation of a SSG system. It is the buildingcontract documents, also is performed by the contractor. Most
owner's responsibility to establish and maintain a realistidmportantly, the contractor has the responsibility for and
post-construction inspection and testing program to evaluateontrol of construction means, methods, techniques, sequences,
structural sealant integrity. Typically, the building owner alsoand procedures unless the contract documents direct otherwise.
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6.7 SSG System DesigreiThis responsibility often is the among others, spacers, gaskets, setting blocks and other
architect’s, however, a SSG system consultant or a curtain wadlealants; adhesion testing of the structural sealant(s) to the
subcontractor also can perform this work. Responsibilitiepanel surface, metal finish and glass substrates; review and
include the design of the SSG system to meet the architectapproval of the structural sealant joint dimensions provided by
design parameters and performance criteria and developmetiie SSG system designer; recommendation of a sealant(s) for
of specific material selection criteria for glass, panels, metaihe structural and weather seals, as well as, if necessary, a
finishes, sealants, gaskets, and other SSG system componemgmer; and approvals of the sealant products for the specific
Importantly, the system designer also should develop a SSGSG application.
system that can be resealed or reglazed, easily an_d adequatelyg 13 Accessory Material SuppliersAccessory material
if glass, sealant, or other component replacement is necessagyippliers have the responsibility to provide spacers, gaskets,

6.8 SSG System SubcontracteResponsibilities include setting blocks and other products of the correct material
obtaining the approval of, among others, panel, metal finishiormulation, hardness, shape, and tolerances as specified by the
glass, and sealant manufacturers for use of their products ing@chitect, consultant, or SSG system designer. The accessory
SSG application; preparation and submittal of shop drawings tehaterial supplier also has the responsibility to provide produc-
the general contractor for processing and approval; andjon run representative samples of the accessories for adhesion

fabrication and installation of the SSG system in accordancgng compatibility evaluation by the structural sealant manu-
with, among others, the contract documents, approved shogciyrer.

drawings, mock-ups, and component manufacturer's recom-

mendations. S_ometin_]es a separate SSG system installation pEREFORMANCE CRITERIA CONSIDERATIONS
subcontractor is retained. Coordination between the system

manufacturer and the installer is required.

6.9 Metal Framing Fabricator or Supplier ) o )
Responsibilities include coordinating with the metal supplier /-1 Typical performance criteria that are applicable to a
and the finish applicator; monitoring of metal surface finishconventional glazing system also apply to a SSG system;
quality control; and, approval of the product for the specifichowever, some of these performance criteria may require
SSG application. The metal framing fabricator also has théhffere_nt treal_tment, extra care, _or_addmonal c_rlterla. The
responsibility to provide representative production run samplefollowing typical performance criteria are described where

of metal finishes for adhesion and compatibility evaluation bySSG issues need to be considered. Typically, some combina-
the structural sealant manufacturer. tion of the following structural loads and movements, depend-

ing on an engineering analysis of a particular SSG system’s

6.10 Glass Manufacturer or FabricaterResponsibilities . ; .
include review of the project design requirements; recommend€Sign requirements, may have to be considered. For example,

dation of glass thickness and type to meet, among others, windi€ fféct of wind load and thermal movement is a commonly
load and thermal stress conditions as specified for the Ss&ncountered combination that may have to be evaluated when
system:; quality control of the secondary seal of insulating glas§€signing a structural sealant joint. Additional general glazing,
units and any glass coatings, such as reflective or low@S well as perfc_)rmance criteria |nformat|0n,.|s avallablle from
emissivity; and, approval of the glass product(s) for a Speciﬁéndustry associations, _such as the American Arc_hngctural
SSG application. The glass manufacturer also has the respol}{l_anufacturc_ars Association (AAMA), the Glass Assomano_n of
sibility to provide production run representative samples of thdVorth America (GANA) (formerly the Flat Glass Marketing
glass type(s) for adhesion and compatibility evaluation by thé\SSociation, and the American Society of Civil Engineers
structural sealant manufacturer. The glass manufacturer al$ASCE).
has the responsibility to determine with the cooperation of the
fabricator of the insulating glass units, if a separate party, th8- Structural Loads
compatibility of at least the structural sealants and accessoriesg 1 Dead—A SSG system, depending on a particular de-
that may have an effect on the performance of the insulatingign, may require the structural sealant joint to resist a constant
glass unit edge seal. dead load stress. This usually occurs when glass or panels are
6.11 Panel Manufacturer or Fabricate~Panel types in- unsupported by setting blocks or other mechanical devices and
clude metal, composite, plastic, and stone among others (Sedso at suspended soffit construction. The allowable dead load
Section 23). Responsibilities include: review of the projectstress for design will depend on the modulus of the structural
design requirements; recommendation of panel type to meegealant and the dimensions of the structural sealant joint. Some
among others, wind load and thermal stress conditions astructural sealant manufacturers will not permit glass or panels
specified for the SSG system; quality control of any paneto be suspended or unsupported by setting blocks or other
finishes or coatings and approval of the panel product(s) for gneans. For those sealant manufacturers who permit dead load
specific SSG application. The panel manufacturer also has thgressing of the structural sealant, there has been a precedent to
responsibility to provide production run representative samplemit the dead load stress to no more than 7 kPa (1 psi). The
of the panel type(s) for adhesion and compatibility evaluatiorstructural sealant manufacturer should be consulted early
by the structural sealant manufacturer. during SSG system design since not all sealant manufacturers
6.12 Structural Sealant ManufacturerResponsibilities in-  will permit a constant dead load stress on the sealant joint or
clude conducting structural sealant compatibility testing with,permit exceedig a 7 kPa (1 psi) limit.

7. General
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8.2 Wind—The realistic establishment of negative and posi- 8.5.1 Seismic design largely is based on probability and
tive wind loads is importanf1, 2).24 It is primarily the wind  economicg1). The magnitude and frequency of seismic loads
loading conditions, except for some seismic zones, whicltannot be determined with the same degree of accuracy as
determine the size and shape of a structural sealant joint in @her types of building loads. It is possible the magnitude of
SSG system. Other secondary loading conditions, such as dekxhding may vary by a factor of two or more; therefore, due to
load and thermal movement also can contribute to the design @fconomic reasons, a commonly accepted earthquake design
a structural sealant joint. The building code applicable to a SS@hilosophy is to control major structural damage while allow-
system will establish minimum requirements for the wind loading some minor nonstructural damage as a result of an
to be resisted by a curtain wall or window system and thereforearthquake.

a SSG system. Often, cladding wind loads are not adequately 8 5.2 The applicable building code should be consulted for
described by those building codes that use a simple table fgismic design guidelines. There are benefits to using a SSG
wind load values. The ASCE standard ANSI/ASCE 7, whichgystem in areas prone to earthquakes. The resilient attachment
also is refe_renced in some of t_he national _m_odel bwldmgof a glass lite or panel to the supporting framework by the
codes, provides a detailed analysis and description of the wingi,ctural sealant joint has proven to be beneficial in control-
loads to be resisted by a curtain wall or window system. Thgjng and in some cases eliminating breakage normally experi-
building code and the ANSI/ASCE 7 determined wind l0adenced during a small to moderate earthquake. Since the lite or
values typically apply to buildings of square or rectangularyanel is not captured in a metal glazing pocket the opportunity
shape with vertical walls. The use of a building code or the; it 1o impact the metal glazing pocket surfaces is minimized,
analytlca_l p_rocedure in ANSI/ASCE 7 may not be sufficient for_ eliminating a primary cause of breakage. Depending on system
f[hese buildings, parncul_arly w_hen of other shape_s. Often, th'%lesign, however, adjacent glass lite or panel edges could
is the case when a building is in an urban environment; ofonact each other and cause breakage or other effects. Also,
unusual configuration; closely related to other buildings as in §hen a glass lite break does occur, the SSG system, due to
campus setting; or, in an area of unusual or unpredictable windyntinyous attachment of the glass edge, can retain much if not
pa_tte_rns._For these and other reasons scale model testing oL g of the broken glass, depending on glass type, and provided
building in a boundary layer wind tunnel (BLWT) may be h4t the structural joint retains sufficient integrity. Resilient

necessary (see 33.1.1). _ attachment of a glass lite also has proven beneficial in other
8.3 Snow—For sloped wall surfaces or skylights, the effect yjolent natural occurrences such as hurricanes.

of snow loading and drifting patterns on a SSG system must be

considered. The building code and ANSI/ASCE 7 establish, . ; ;

values that can be used for design. Also, the AAMA skyligh&i}';lgl,[r;?'ln agss%frt]erpri?oseoapr:;?u%lfg évéllevzg/stiﬁ)esnhdérd?d Orgr:]r:n
and sloped glazing, 501.1 and 501.2, will provide the deSig%table after an earthquake. For example, depending on the
professional with design inform_ation for snow loading and agnitude of an earthquake, glass may ’or may not break.
contrpl on ;Ioped surfaces. Smpg the actual pattern aNflaminated glass often is used in seismic regions so that it can
yelocny of w_m_d flow around a building can have a dramatic o ain i the opening if it does break; however, whether or not

impact on drifting and snow load, however, the use of a scal emedial work is required to regain SSG system functionality,

model testing facility to establish these patterns and loads iﬁJrexampIe, air or water resistance and structural performance,
a choice for the designer, depending on building code

recommended (see 33.1.3). Snow and ice loads usually cause.a
long-term compressive stress on a structural sealant joint a quirements, which will affect the design and cost of the SSG
stem.

can become another of the secondary loading conditions thg
should be evaluated when designing a SSG system. The effe 8.5.4 Racking motion of a building frame in an earthquake
will cause planar motion of a glass lite or panel, typically

8.5.3 The level of performance required of a SSG system

of snow load on vertical wall surfaces usually is not a
performance criterion; however, the additional dead load gen-

erated by hardened snow or ice sheets, which can form 0ﬁausing a shear stress in a structural sealant joint. Although

vertical and other surfaces, may need to be considered. convgnnon_al SSG systems per_form .weII in an earthquake,
8.4 Live (Maintenance}-Normally, loads transferred di- consideration should be given to isolating the lite or panel from
: ; &) . ’ . building frame movement. One method to consider is to
rectly to a window or curtain wall framing member by

maintenance platforms will not have a sianificant effect on th structurally adhere the lite or panel to a subframe, then attach
structural 'ointg in a SSG system; howev%r the use of contine(-he subframe to the primary curtain wall or window framing
al y i ) X embers with mechanical fasteners in slotted h¢{®s
ous maintenance tracks, as well as intermittent tie-back buttons issil indb debris has b b
or other devices, may have an influence on the practical aspectsS-6 Missile Impact— Windborne debris has been estab-
ed as a principal cause of glass breakage during windstorms

of SSG system design, such as adequate access to appl { .
¥ d d PPy . The designer of a SSG system may have to make

structural sealant in the joint opening and the development L ) ; . o
thermal bridges (see 11.4.1). provisions in the system design to resist large and small missile

impacts (5). At lower floors, large objects, such as framing
members and facade elements from nearby collapsed structures
and at lower and upper floors windborne gravel from ballasted
roofs, the largest source of glass breakage, tend to strike a

14 The boldface numbers in parentheses refers to the list of references at the eIFHJ”dmg e'nvelope.' If the bU|Id|ng _enV?IOpe dO?S not remain
of this standard. intact during a windstorm, the wind-induced increase to a

8.5 Seismic
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building’s internal pressure adds to the wind-induced externdbad deflection between floors should be considered in the
suction on leeward walls and roofs, thereby increasing thenultistory SSG system expansion joint width design.

possibility of a structural failure or collapse of facade elements. 9 4 Dead Load—Deflection caused by structure or floor
In addition, breaching the envelope allows damage to thglead loading also should be considered for SSG system
building interior and potential harm to occupants. Test Methodypansion joints. The building structural engineer can supply

E 1886 and Specification E 1996 can be used to determine thgaq |oad deflection criteria for SSG system expansion joint
performance of a window or curtain wall when impacted by adesign.

missile and exposed to a cyclic pressure differentials, as is 9.5 Framing Effects
commonly encountered during these storms. Various building ~° _ _ _
codes and governmental authorities such as the BOCA Na- 9-5-1 Elastic Frame Deformatior-Multistory concrete
tional Building Code, South Florida Building Code, and thestructurt_as, anc_i to a lessor degree _ste_el, shorten elastically
International Building Code include requirements for building@/most immediately due to the application of loa(s 7).
envelope resistance to missile impacts. The provisions in thedg@me shortening, the degree of which can be estimated by a
codes are not consistent with each other, with changes occugiructural engineer, will cause an irreversible narrowing of
ring each year, and they vary in required test methods, testSG System expansion joints that typically occur at each floor
protocol, and resultant performance. The ANSI/ASCE 7 nalevel in multistory construction. Frame shortening can be
tional wind load standard, which is referenced by buildingcompensated for by building each floor level slightly higher, in
codes, also contains provisions for resistance to missile impacgffect negating most of the short-term shortening that occurs
Additionally, those that insure buildings in coastal areas maypefore SSG system installation. Lower floors of multistory
also have requirements such as those contained in the Buildirfgructures will experience greater shortening then upper floors.
Code for Windstorm Resistant Construction by the Texad-or each concrete column, the amount of shortening is depen-
Windstorm Insurance Association. The designer of an SS@ent on, among others, the amount of reinforcement and the
system, particularly for coastal regions, should consult locatime of application of loads (dead load of additional floors and
code, governmental, and insurance authorities to determine thige load). Additionally, joint width narrowing can be consid-
requirements for resisting missile impacts and their effect orered during the design of an SSG system expansion joint. Some
the design of an SSG system prior to any detailed design. of the frame shortening affect will occur before the cladding is
erected and the size of the SSG system expansion joint opening
9. Movements is established. Presently, the amount of shortening that occurs
9.1 Building Motion— Tall buildings will respond to wind  before the joint opening is established is determined by an
pressure and other lateral forces, such as earthquakes, Rformed estimate, and therefore, should be conservative.

swaying laterally or twisting due to torsional moments. The g 5 5 Creep—The time dependent deformation of materials

magnltudle of these [)noverrllents dcalm be d?te”glr_‘\?vqr bY @hile loaded, in particular for a concrete structure, should be
structural engineer or by scale model testing in a (S€€hcluded in SSG system floor level expansion joint design. This
33.1.1). These movements usually are expressed as an offse ormation, which occurs at a decreasing rate as time

each story relative to adjacent stories (s_tory drift). Thes rogresses, can cause a continuing decrease in the width of an
movements can create a shear stress, which may have to Qpansion joint opening in multistory and other buildings.

considered with other secon.dgry stresses in the design of tQf’\reep, in contrast to elastic frame shortening, can occur over a
structural sealant and other joints of a SSG system.

9 2 Thermal Movemert The effect of thermal movement long period of timg(6, 7). The building structural engineer can

always must be considered and provided for in the design of growde creep deflection criteria for SSG system expansion

SSG system. If not, excessive air leakage and water infiltratiorfJlnt de5|gn.. .
as well as potential structural problems, can occur. The effect 9-5-3 Shrinkage—Concrete framed structures will undergo
of thermal movement within the structural sealant joint, due tdong-term shrinkage for a period of mont(& 7). The rate of
differential thermal movement between glass or panels and thdfinkage is dependent on the initial amount of concrete mix
supporting framework, should be investigated for any effectgvater present, ambient temperatures, rate of air movement,
on the structural sealant joint that may have to be considerei@lative humidity of the surrounding air, the shape and size of
along with other structural sealant joint secondary stresses. the concrete section, and the amount and type of aggregate in
9.3 Live Load—Deflection caused by structure or floor live the concrete mix, among others. Refere(flists guidelines
loading should be considered for SSG system sealant jointéQr some shrinkage values for concrete and other materials.
such as expansion joints, that occur usually at each floor levéthrinkage criteria can be provided by a structural engineer and
in multistory construction. The building structural engineer canincluded in the SSG system floor level expansion joint design
supply live load deflection criteria for use in designing the SS@r can be compensated for in the construction of the formwork.
system. Actual live loads can be highly variab{6). A  Shrinkage effects should be included in the design of a SSG
multistory building, with the same design live load for all System expansion joint in multistory construction. Some of the
floors, will have the actual live load, which can be substantiallyframe shrinkage affect will occur before the cladding is erected
less than a code prescribed value, vary from floor to floor ané@nd the size of a SSG system expansion joint opening is
from one area of a floor to another. Very rarely will the live established. Presently, the amount of shrinkage that occurs
load be uniform everywhere. Where live load, and thushbefore the expansion joint opening is established is determined
deflection of a structure varies, the relative difference in liveby an informed estimate, and therefore, should be conservative.
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9.6 Seismie—For successful seismic performance, the SSG 10.3 Fabrication— Dimensional tolerances for fabrication
system must be capable of retaining required performancef components also must be considered for their effect on the
levels without glass or other breakage while accommodatingtructural sealant joint opening. The fabrication tolerances of
differential movements between building stories. As was prethe framework, for example, straightness of framing members,
viously indicated, SSG system structural sealant joints havequareness of unit frames, and aluminum framing cutting
performed well during small to moderate earthquakes. Théolerances, need to be considered in conjunction with the
structural sealant joint permits the lite or panel and framing tonaterial or fabrication tolerances of glass or panels that will be
move somewhat independently of one another, while generallglazed structurally to the supporting framework. This is nec-
maintaining seals and preventing edges from contacting thessary so that the structural sealant joint opening dimensions
SSG system metal framing members or each other. Seismitill be within the acceptable dimensional tolerance range.
performance can be enhanced by increasing the thickness of10.4 Erection—For a shop glazed SSG system the effect of
the structural sealant joint. This will decrease the shear streggection tolerances on the structural sealant joint are usually
developed in the structural sealant joint during racking of thenot applicable; however, for a field glazed system, the effect of
SSG system; however, it may increase the tendency of adjace@tection tolerances becomes important to SSG system success-
glass lites or panels to come into contact with each other. Thill performance. Erection tolerances must be considered and
increase also should be evaluated for its impact when, at othéentrolled adequately to insure that a structural sealant joint
times, the primary lateral load is applied. Depending on thedpening is created at the construction site that meets at least the
structural sealant modulus and the structural joint thickness, gPecified minimum and maximum joint opening dimensions.
glass lite or panel could be pulled off setting blocks with aAdequate field quality control procedures are required.
sufficiently Iqrge_ negative applie_d load. Another techniqL!e to;, Weather Tightness
enhance seismic performance is to structurally seal a lite or ) )
panel to a subframe, usually by shop glazing, which then is 11.1 Generai—The purpose of an exterior wall is to sepa-
mechanically attached to a metal framing system or th&ate the interior, conditioned spaces of the building from the

building frame in a manner that permits differential movement,eXterior elements; therefore, an exterior wall must respond to

both vertically and horizontally, between the subframe and th@erformance characteristics, which include, among others, air

framing system or building3). The subframe mechanical infiltration, water infiltration, thermal performance, and acous-

attachment mechanism then is designed to accommodate tfig! Performance. In general, SSG has little effect on these
expected seismic movement. performance characteristics compared to other parameters,

such as type of fenestration system, wall system design, type of
glazing, and fabrication workmanship.

11.2 Air Infiltration or Exfiltration—Air infiltration or ex-

10.1 Generat—The SSG system design must respond tofiltration for a SSG system can be considerably less than for a
tolerances likely to effect its fabrication and installati9). conventional g|azing system. This usua”y is a result of the
The SSG system performance criteria should specify thetructural sealant joint, which is continuous, as well as the
allowable material, fabrication, and erection tolerances. Mlnl-Comp|ete|y sealed nature of these Systems_ Many Openings that
mum and maximum deviation from other performance criteriacan occur in a conventional glazing system do not occur in a
also need to be realistically established. Bowed glass, under- §SG system; however, weepholes or tubes, weatherseal sealant
over-sized glass, straightness of framing members, and gaskegints between curtain wall and window units, floor level
size variation all must be considered during system desig@xpansion joints, and termination conditions of a curtain wall
relative to their effect on the dimensions of a structural sealangr window system, can be a source of air leakage if not
joint opening. designed and installed properly. The use of an operable panel

10.2 Materia—Dimensional tolerances of materials that are or vent within a wall or window system also can be a source of
glazed structurally to the supporting framework must beair leakage. A vent usually is conventionally weather sealed
considered. Examples of tolerances to be considered are out with gaskets, which can experience inadequate or nonuniform
plane glass or panels, dimensionally under or over sized glasealing pressure or compression set, resulting in air leakage.
or panels, and straightness, as well as profile dimension&Jsually it is these conditions that contribute the majority of air
tolerances of gaskets and spacers used in conjunction withlaakage to a SSG system.
structural sealant joint. A structural sealant joint opening 11.3 Water Infiltration—There can be a false sense of
should not become too small, due to a glass or panel dimereonfidence that a SSG system is inherently water-tight since a
sional tolerance that makes the opening smaller than intendesiructural sealant joint is continuous, and therefore, there are no
and thereby perhaps structurally deficient. Conversely, thentry points for infiltrating water. This is true for a four-side but
effects of a dimensional tolerance that would tend to enlarge aot for a two-side SSG system. Weep tubes, weatherseal
joint opening also must be considered. Concerns that magealant joints between curtain wall and window units, pre-
develop include inadequate support of the glass or panels dormed gaskets at other than four-side SSG systems, floor level
setting blocks, an increase in the elongation characteristics @xpansion joints, and termination conditions of a curtain wall
the structural sealant, and a potential inability to control theor widow system can be a source of water leakage if not
structural sealant application and resulting joint profile, prima-designed and installed properly. An operable vent also can be
rily due to the glass or panel not sitting tightly on the spacer oia source of water infiltration for the reasons described in 11.2.
gasket that forms one face of the joint opening. It also should be apparent that air leakage paths can be prime

10. Construction Tolerances
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sources of water infiltration during a rain storm. A SSG system 11.4.1 Condensation Resistane€lThe condensation resis-
should be designed so that condensed vapor and infiltratednce of a SSG system can be quite good. This is a result of the
water, from whatever source, can be controlled and drainedluminum supporting framework being mostly within the
adequately to the exterior. This precludes the contact and buildonditioned envelope of the building, with the glass or panels
up of water against the structural sealant joints, which mayeparated from the framework by a thermal break, the struc-
over a period of time contribute to potential adhesion losstural sealant joint; however, there are areas in a SSG system
Typically, an internal drainage system, to intercept infiltratedthat might not be broken thermally. Usually these areas occur
water and weep it to the exterior, should be included in aat maintenance platform tracks, tie-back buttons, operable
window system and also at horizontal nonstructural sealarpanels or vents, projecting fins (see Fig. 1c), or other devices
joints, that occur typically at each floor level, in a multistory that can create a thermal bridge to the supporting metal
curtain wall system. Consideration also should be given tdramework and therefore can become potential points of
directing condensate or infiltrating water, that flows downwardcondensation or frost formation. Attempts should be made to
on the interior face of a spandrel glass or other panel, awagninimize thermal bridges. An adequate water-vapor retarder
from a SSG joint at the bottom of the spandrel glass or panelnd insulation system should be designed for the opaque wall

11.4 Thermal Performance areas to control the flow of vapor into the SSG system and
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(1) Weather seal (7) Thickness (T) (11) Sealant in Compression Due to Lateral Load
(2) Spacer (8) Positive Lateral Load (12) Sealant in Tension and Shear Due to Lateral Load
(3) Structural Sealant (9) Negative Lateral Load
(4) Glass Lite or Panel (10) Movement Due to Lateral Load
(5) Metal Framing System
(6) Bite (B)

FIG. 1 Typical Structural Sealant Joint Configurations
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potential frost or condensate formation at any thermal bridgesequire remedial work. Given this uncertainty, a SSG system
Mechanisms should be provided so that condensed watean have more risk than a conventional glazing system.
within the wall system is drained to the exterior to preclude thePresently, the best measures to employ to achieve durability are
potentially detrimental build-up of water against structuralto use proven materials and techniques of good quality; to have
sealant joints. an effective quality control program during fabrication and

11.4.2 Thermal Transmittance-A SSG system can be erection; and, to build upon the successful performance of
among the most energy efficient of all presently availableprevious SSG systems. Some environmental and laboratory
glazing systems for the reasons described in 11.4.1. This igsting for a short time period has been performed indicating
especially true with four-side and to a lesser degree fothat for the testing circumstances a structural sealant does not
two-side SSG systems. detrimentally change in properties and performafide.

12. Sound Transmission SYSTEM DESIGN CONSIDERATIONS
12.1 Sound transmission control through a SSG system is
no different than through a conventional glazing systeml5. General

however, the resilient mounting of glass or panels and the 151 |y general, the major factors influencing SSG system
usually completely sealed characteristics of a SSG systeyaction are building code requirements, desired aesthetic

;Jhsually will E[)_rovuljel be_tter éoung tattenugtlng Chr?raCt?”S.‘t',:_: pearance, glass or panel type(s) required, cost, field-glazing
an conventional glazing. sound transmission characterstiGa, ¢ g shop-glazing, and post construction inspection and

can be determined by performing acoustic testing on afu"'Siz%aintenance requirements. In addition to custom designed

m_ock_-up that typ|_cally IS usgd to verify othe_r performance ystems, proprietary systems from various manufacturers are
Cr.'t%”a’ sui:gas ‘év';??r:ogg rezlzt?gnge. For rellanvgly sgnﬂlzsss vailable, which may provide the desired aesthetic appearance,
‘é\';nn S;Vlsj,sed ttc?eétabli(sh eigoustic)alln area, i ractice and also may help to reduce costs and provide an opportunity
Properties. for examination and evaluation of similar completed installa-
tions.

13. Fire Resistance .
15.2 Features and advantages of SSG systems include more

13.1 Concerns related to the fire resistance of a SSG systeqqjgn freedom reduction of glass thermal breakage potential;
are no different than those associated with a Convent'ona”}.’)rovision of a natural thermal break with very little or no

glazed system. It has been reported that in a fire situation th
first element to fail is the glass, which cracks due to therm
stress soon after the onset of the fire. This phenomenon m
also be the case when non-glass panels are used in a S
system. As the fire temperature climbs, the supporting alumi--l-h
num framework and panels will then lose strength, resulting i'lavaluated carefully12)
deformation of the framework members, followed by failure of ) ) . :

the structural sealant. In a fire situation, a SSG system should 15.3 The major concerns of SSG WOF" include partial or
be more advantageous due to its potential ability to retaif®MPlete reliance on adhesion as the primary support system

broken glass or panel fragments for a period of time, prevent©" 91ass lites or panels, with less redundancy than a mechani-
ing them from raining down on pedestrian areas below. pally attached system, and uncertainty over long-term dura_b”-
ity. Other potential problems of SSG work include compatibil-

14. Durability ity of gaskets, setting blocks and other sealants with the SSG
' system; sealant adhesion to metal finishes, factory-applied

posed metal; reduced air and water infiltration; the potential
or a less costly system compared to conventional glazing; the
tential to reduce breakage from wind and seismic loads and
ad loads, such as snow; and field or shop glazing potential.
e choice between a shop or field glazing program should be

14.1 History—In general, SSG work began with an aII-gIasstaim finishes, and reflective glass coatings; structural sealant
entry and lobby system first marketed in 1965 by PP

i and primer, if required, being within their respective shelf-
Industries as the PPG TVS system. These all-glass systerqﬁ,es; obtaining adequate quality control during sealant instal-

including supporting .mull|ons., were two-side structurally lation; and providing for replacement of structural sealant
glazed. The first two-side aluminum framed SSG systems we

re. .

developed about 1970. These systems initially were designé%Ints due to construction damage or other concerns.
only for glazing with monolithic glass. The first large applica-
tion of a four-side, monolithic glass, SSG curtain wall system,
was the former SHG Incorporated headquarters building in 16.1 General—There are numerous variations to the basic
Detroit, MI, which was built in 1971. This is the oldest systems presented in this section, which are dependent on the
four-side SSG curtain wall system installation when considermany designs available from a curtain wall or window con-
ing durability and successful performance. The use of insulatiractor. These variations are offered only as generalizations.
ing glass in SSG systems began about 1976 for two-side arfdenerally, there are two basic types of SSG systems, where the
about 1978 for four-side support systeis). structural sealant joints occur on two- or four-sides of a glass

14.2 Presently, there is no method available to adequatellte or other rectangular shape panel. The role of the structural
predict the durability limit of a SSG system; therefore, it is notsealant in both systems is equally important. A two-side SSG
possible to predict a future point in time when a SSG systensystem requires the same attention to detail as a four-side
may lose its effectiveness, exhibit premature deterioration, anslystem. For both types, the structural sealant transfers loads

16. Basic Systems

10
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imposed upon a glass lite or panel to a metal framing systensealants or other formulations that can cure in three hours to
The following includes a general description of basic SSGwo days, facilitating handling of system components. Prefer-
systems. ence should be given to shop glazed SSG systems, which are
16.2 Two-side more controllable relative to obtaining adequate sealant adhe-
16.2.1 A two-side SSG system provides structural supporsion then construction-site glazed systems. Shop glazing also is
of a glass lite or panel using a structural sealant for twopreferred, to gain better control of the structural sealant
opposite sides of a panel, with the other two sides retainethstallation, if an edge retained by the structural sealant is the
using conventional mechanical fasteners (Fig. 2). Manufactutong side of a glass lite or panel, particularly with a panel that
ers have standard designs available for interior or exteriohas an aspect ratio of about 2:1 or greater.
glazing of the structural sealants. Usually, these systems are 16.3 Four-Side
designed so the structural sealant retains vertical glass or panell6.3.1 A four-side SSG system provides structural support
edges providing an aesthetic effect of a horizontal ribbon obf a rectangular glass or panel using structural sealant for all
glass or panels bordered by exposed metal mullions. This sanfieur sides. There are no mechanical connections or fasteners to
effect also can be obtained vertically by using the structuratetain a glass or panel to the metal framing system (Fig. 3).
sealant for the horizontal edges and the exposed metal mulliorf@metimes, various types of metal retention devices are used to
for the vertical edges. provide some degree of mechanical retention should a loss of
16.2.2 This type of SSG system, with mechanical fastenerstructural sealant adhesion occur (Fig. 4). These systems also
on two sides, can have a lower degree of risk then a four-sidare available both as custom and proprietary designs.
system, which has no mechanical fasteners. Two-side systems16.3.2 A four-side SSG system can provide the aesthetic
are available for construction-site or shop glazing of a strucappearance of an all-glass or panel facade with no visible metal
tural sealant. Construction-site glazing requires structural seaparts and relatively narrow sealant or other joints between
ants with a relatively long cure time of up to three weeks,panels. With no exposed metal parts and completely sealed
depending on the particular structural sealant, which willjoints, these systems can be very energy efficient compared to
require temporary support of a glass lite or panel until theconventional metal and glass curtain wall or window systems.
sealant cures. Shop glazing can use these same structufidiey also can have a higher degree of risk then two-side SSG
systems since they rely only on the adhesion of a structural
sealant to retain the glass lites or panels. With no exterior metal

FIG. 2 Two-Side SSG System FIG. 3 Four-Side SSG System

11
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16.5 Sloped Glazing

16.5.1 Walls that are sloped more than 15° from vertical
generally are treated as sloped glazing (Fig(H), 14, 15)
Sloped glazing can be either inward or outward sloped,
sometimes called reverse slope. If inward sloped, a compres-
sive load is applied to the structural sealant joint due to the
weight of the glass or panel. If outward sloped, a dead load due
to the weight of the glass or panel exists, which creates a
downward and outward force on the structural sealant joint.
Sloped SSG systems conceptually are the same as vertical two-
and four-side SSG systems except for the degree and direction
of slope from vertical, method of water infiltration manage-
ment, and structural design of glass and structural sealant for a
sloped configuration(15). Many sloped SSG systems are
two-side structural sealant systems that are construction-site
glazed(17).

16.5.2 SSG can have an important functional role for an
inward sloped glazing application. As a sloped surface be-
comes more horizontal, conventionally glazed horizontal pur-
lins, with components protruding above the plane of a glass lite
or panel, act as a dam, causing dirt collection and water pooling
on the exterior glass surface at the sill of each glass lite. This
creates an obvious aesthetic problem and causes difficult water
management. By replacing a conventionally glazed purlin with
a structurally glazed purlin, water can drain freely down the
exterior face of a sloped system without obstruction, eliminat-
ing a water dam problem. Because of this feature, SSG purlins,
with conventionally glazed rafters, have become quite common
for inward sloped glazing and skylights.

16.5.3 For most structural sealant glazing, the structural
attachment of a glass lite or panel is from the interior face of
the lite or panel to the exterior face of a metal framing member,

FIG. 4 Four-Side SSG System however, in some situations, especially sloped glazing, the
structural attachment can be from the edge of the glass lite or
panel to the side of a vertically projecting fin of a metal

mullion caps, thermal stressing of a glass lite is reduced sincgaming member. This is acceptable if the glass lite or panel
there is no shading of the glass edge by the cap, and wind loaghd the size of the structural joint have been determined to be
induced stressing of the lite is more evenly distributed to thexdequate by structural calculation.

metal framing system by a structural glazing sealant, thus

reducing the possibility of localized cracking of glass. 17. Other Systems

16.3.3 To gain optimum control of structural sealant appli- 17.1 Butt Glazing— Butt glazing is not a SSG system,
cation and minimize the risk of a structural sealant failure,often, though it is mistakenly referred to as a SSG system, and
four-side SSG systems should be designed for shop glazing t¢iie term butt glazing often is incorrectly used to describe a
the structural sealant. There are other benefits of shop glazif§SG system. A butt glazed system is a two-side support system
that can contribute to efficiencies in scheduling and installawith two opposite sides of the glazed panel, usually head and
tion, such as, fewer weather-related technical issues to resohadll, supported and retained in conventionally glazed framing
than with construction-site glazing. In general, construction-members. The other two sides of the glazed panel are unsup-
site structural sealant installation should not be consideregdorted by a metal framing member and the silicone sealant at
without consultation with and approval from at least thethese edges acts only as a weather seal. When butt glazing a
structural sealant manufacturer, metal framing supplier, and th@0° outside corner, it is particularly difficult to achieve an
glass or panel manufacturer. Typically, system maintenance @ffective weather seal. For a two-side support condition, the
a four-side SSG system occurs at the building. strength, thickness, and deflection characteristics of a glass lite

16.4 Others—Window and curtain wall systems have beenor panel can become a considerably greater design problem
developed that include one-side and three-side structural sedhan for a typical four-side support condition. Some glass
ant glazing for a glass lite or panel. Usually these conditiongypes, such as, laminated or insulating, may not be suitable for
are not typical for an entire system. Typically one- anda butt glazing application.
three-side structural sealant glazing will occur at a transition 17.2 Glass Mullior— A glass mullion or all-glass system is
area, such as a corner and where a particular aesthetic effectasfour-side support system utilizing monolithic glass vision
desired. lites supported by glass mullions with a structural silicone

12
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FIG. 5 Sloped SSG System

sealant at the edges of the vision lites to transfer applied loadsall or window system. Any minor leakage is controlled and
to the glass mullions. This system features a maximunprevented from penetrating to the interior of the building and

see-through capability (Fig. 6). can be drained back to the exterior. This concept is accom-
_ plished by providing within a curtainwall or window system a
18. Weatherproofing Concepts flashing and collection device, with ample drainage outlets to

18.1 General—Waterproofing means protection againstthe exterior. This weatherproofing concept is used in many
both water infiltration and excessive air infiltration or exfiltra- curtain wall and window systems.
tion. It depends in large measure on adequate provision for 18.4 Pressure Equalization-This concept, based on the
movement and is closely related to proper joint designrain screen principle, generally is a more sophisticated and
Undoubtedly, a major share of the difficulties experienced bycomplex solution but is claimed by its proponents to be
wall and window systems has been due to a lack of adequagffective when properly applie@7). In short, it requires the
weatherproofing. Inadequate weatherproofing can be caused pgovision of a ventilated and baffled outer curtain wall or
poor system design, improper or poor quality materials, defiwindow surface, backed by a drained air space in which air
cient workmanship, or a combination thereof. The followingpressure is maintained equal to that occurring exterior of the
briefly describes typical curtain wall and window systemcurtain wall or window system, with an indoor wall surface
weatherproofing concepts. effectively sealed against the passage of air.

18.2 Primary Seal Also know as a barrier system, this  18.5 Combinations— Often, combinations of the above
method relies on the outer-most components of a curtain walveatherproofing concepts are used for a particular curtain wall
or window system remaining permanently weathertight to acor window system design. For example, a four-side SSG
as a weather-resistant membrane. Except for certain aspectsfstem may rely on a primary seal concept for the structural
a four-side SSG system, this concept has proven troublesonsealant glazing while at a typical floor line expansion joint, it
and very difficult to achieve and then maintain for the serviceselies on an internal drainage concept.
life of a building. Often, continual maintenance of the exterior
seals is necessary to maintain a weathertight condition. COMPONENT DESIGN CONSIDERATIONS

18.3 Internal Drainage—This concept, also known as a
gutter system, is based on the philosophy that it is impractical9- General
if not virtually impossible to totally eliminate, for any length of ~ 19.1 The following sections generally describe the major
time, leakage at all points on the exterior surface of a curtairomponents of a SSG system. These components are the metal
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various metal, composite, or stone cladding panels are used,
however, consideration of different, and in some cases, more
stringent deflection criteria may be applicable. In addition, the
framing members should not rotate unacceptably under an
applied load(18).

20.1.3 Aluminum, steel, and stainless steel are metals that
usually are considered for the fabrication of framing members.
Ferrous metals, even if galvanized or painted, or both, should
not be considered due to their potential to corrode with
environmental exposure. The most commonly used metal is
aluminum. For aluminum framing members the induced
stresses should be in accordance with the Aluminum Design
Manual® Proper allowance for thermal and other potential
building movements, as described in Section 9, must be
accommodated by the framing system design.

20.1.4 The metal framing sometimes is designed to accom-
modate structural sealant glazing on all four sides of a glass lite
or panel; however, one, two, or three sides can be retained by
mechanical fastening. Also, framing can be designed for
construction-site or shop glazing. Shop glazing includes the
installation of glass or panels and the structural glazing sealant
in a controlled interior environment. For construction-site
glazing, the metal framing system is installed on the building
followed by the glass lites or panels, with the structural sealant
applied at the generally uncontrolled construction-site working
environment.

20.2 Stick—A stick system is framing that is assembled
piece-by piece at the construction site on the side of a building
or in an opening. Glass lites of panels then are installed at the
construction site. Generally, a structural sealant then is applied
framing system and various available finishes, glass typest the construction site unless the SSG system uses the glazing
various panel materials, structural and weather seal sealan{gethod described in 20.4.
and accessory materials. These sections are not all-inclusive 20.3 Unitized—These systems are shop-glazed, in that all
and do not describe other components that are known to bgetal framing fabrication and installation of glazing or panels
incorporated occasionally into SSG systems. The evaluatio completed before the finished units are shipped to the
and selection of proposed SSG system materials, products, agénstruction site for erection on the building. “Shop,” in this
systems can be facilitated by using Guide E 1825. context, normally is defined as an enclosed area that provides

. an environmentally-controlled space. Doors, operating win-
20. Metal Framing Systems dows, and framing for punched openings also can be designed

20.1 General as unitized systems.

20.1.1 SSG can be used with many different types of metal 20.4 Preassembled- This method combines both construc-
framing systems, some of which are described in the followingijon site and shop fabrication techniques. Shop glazing is
sections. It has been used for strip windows, curtain Wa”Saccomp“shed using specially designed extrusions that are
operating windows, punched openings, storefront, swingingreassembled and adhered to a glass lite or panel with a
and sliding doors and just about any other application whergtructural sealant. The preglazed assembly then is delivered to
conventional glazing can be used. the construction site where it is attached mechanically to a

20.1.2 The codes, rules, and methods employed in thgaming system that was erected at the construction site. This
structural design of metal framing systems for conventionamethod is used by some curtain wall, as well as sloped glazing
glazing also are applicable to structural sealant glazing. Thand skylight manufacturers. It permits the structural sealant
framing members must be compatible with the type and qualitylazing to be performed in a controlled situation.
of support required for a glass lite or other paif&8). In ) o
general, for individual glass lites, the framing members should1. Metal Framing Finishes
be designed to not exceed a deflection normal to the wall of 21.1 General—For structural sealant glazing, the metal
L/175 between supports, with a 19-m<{n.) max, and a framing finish is a structural part of the SSG system since the
deflection parallel to the wall of L/360, with a 3-mri#s(in.) integrity of the system depends on adequate adhesion of the
max, whichever is less. When a metal framing member istructural sealant to the finish, as well as the finish to the metal
supporting multiple glass lites, AAMA TIR-A11-1996 should framing. The most common aluminum finishes for structural
be consulted by the SSG system designer for recommendatiossalant glazing are anodized and factory applied organic
to assist in determining allowable deflection limits. Whencoatings. These metal finishing processes can have many

14



A c 1401 - 02
“afl

variations and each should be evaluated for their effect ominsing process must be quality controlled. Generally, structural
structural sealant adhesion. sealants develop good long-term adhesion to chemical conver-
21.2 Anodized Aluminur-Anodizing is an electrochemical Sion coatings. As for other surface treatments or finishes,
process in which a surface layer of aluminum oxide is formedstructural sealant adhesion testing is required.
on the aluminum framing member. This process produces a 21.5 Unfinished—In general, an unfinished aluminum or
hard adherent coating that usually is between 0.01 to 0.02 mmither surface is not acceptable for structural sealant adhesion.
(0.4 to 0.9 mil) thick. The coating can be colorless, but moreThe lubricants used in the extruding process provide a variable
often it is produced in colors, such as bronze or black, througurface and the cleaning of the extrusion is difficult to perform.
the use of an organic acid electrolyte or a post anodizingHence adhesion of the structural sealant is variable. Occasion-
treatment where metal salts are electrodeposited in the pores ally, it has been used after consultation with and approval by
the anodic coating. The pores of the anodic coating then arghe structural sealant manufacturer, since most often it is not a
sealed by hydration of the coating or by chemical reactionseliable and consistent surface for SSG adhesion.
within the pore structure. The different colors and sealing
methods generally perform the same with respect to adhesiagrp. Glass
of a structural sealant. The anodizing manufacturing facilit . . .
must have good quality control proced%res to ensure tgr’m prorzler.zz'1 General—Glass is the material mqst often a;somated
thickness and sealing of the anodizing, and good rinsing of th ith a SSG sys_te_zm. The type of _glass will play an |m_portant
extrusions at the end of the process. Sometimes, surfactants grt in determining the aesthetics, structural integrity, and

other surface residues from a sealing bath will make itweather tightness of the SSG system. Flat glass products

necessary to employ special surface cleaning practices &hould meet Specification C 1036, and if heat-treated for
adhesion promoters, such as a primer, to obtain optimurﬁdd't'onal strength, also Specification C 1048. The applicable

adhesion of the structural sealant to the anodized suffz)e uilding code also may have requirements that may effect glass

The anodized surface layer is an integral part of the metdit® design and selection. Practice E 1300 should be used to
framing surface, and therefore, there is not an issue of th€t€rmine glass or fabricated glass product thicknesses re-

adequacy of adhesion of the anodic surface layer to th_gui_red to resist_a specified load unless_the _building_ code
aluminum. Generally, structural sealant adhesion to an anodRdicates otherwise. Referen(21) also provides information
ized aluminum surface can be good. There are many variatiorfd? the structural properties of glass. Important for proper glass

for the anodizing process, and each should be evaluated for iR€rformance is the quality of the glass lite. Clean cut, swiped,
adhesion characteristics relative to a structural sealant. seamed, ground and polished glass edges can be used in SSG
21.3 Organic Coating— Factory coated surfaces generally appllcat|on.s. Ch'pp‘?d gIa;s edg‘?s will reduce glass strength
perform well as an adhesion surface in structural sealan%mOI resul_t in an unsightly |nstall_at|on. Severely _damaged glass
glazing applications. A common factory-applied organic coat-edges' with, for example,” v chips and flake chips, should not

; C . : Lo be used. Additionally, the SSG system designer should be
ing for these applications is formulated using a polyvinylidene ware that some sealants have the potential for residue run-

fluoride resin. Other coating systems using urethane, silicon fluid miarati ¢ h | lants that .
polyester, and acrylic formulations also are available. Thes own or fluid migration of weatherseal sealants that aré in
ontact with the glass. Presently, there are no standardized

coatings are highly durable and come in vibrant colors. TheéoM . : .
chemicals within the coating can affect structural sealan%isung ;orocedures to determine this effect (See 25.1 and Guide
1193).

adhesion. Sometimes coated surfaces must be cleaned wi o .
aggressive solvents or abrasive pads. With some organic 22.2 Monolithic Glass— Clear, tinted, and coated mono-
coatings, a primer may be required to promote adequatkthic glass can be used for SSG applications, provided the
adhesion of the structural sealant to its surface. A primeglass lite is designed for, among others, wind load and thermal
recommendation only can be made after completing adhesic#fress considerations. Monolithic glass includes annealed,
testing with the specific structural sealant and actual finisheminated, spandrel, heat-treated glass, and coated glass. These
surfaces to be used for a specific application. It is extremelyproducts also may be incorporated in insulating glass (IG)
important for the organic coating to be stable and durable andnits.
have adhesion to the metal framing, which can be determined 22.3 Laminated Glass- Laminated glass, sometimes re-
using Test Method D 4541, at least as good as the adhesion fifrred to as safety glass, that is manufactured with an inter-
the structural sealant to the coati(®D). Proper metal surface layer, typically ranging in thickness from 0.4 to 0.23 mm
pretreatment and organic coating application is critical to thg0.015 to 0.090 in.), and meeting the requirements of Specifi-
performance of the SSG system since the interface between tlation C 1172, may be used in SSG applications. Two or more
coating and the metal surface is a critical link in the structuralites of annealed, heat-strengthened, fully-tempered, or coated
adhesion chain. glass can be laminated together in various combinations.
21.4 Chemical Conversion CoatirgWhere an aluminum Consideration should be given to the compatibility of any
framing member is hidden and not exposed to view, a chemicaitructural and weather sealant adhering to the edge of the
conversion coating, for example, a chrome phosphate, can heminated glass, and therefore, the exposed interlayer edge.
used to treat the surface to provide a suitable substrate fahen a sealant and the interlayer are in contact with each
structural sealant adhesion. This provides a clean extrusiosther, and moisture is present, there is a potential for discol-
with a green or gold colored iridescent surface, however theration and delamination of the interlayer at the perimeter of a
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glass lite. As determined by testing, discoloration and delami- 22.5.3 Testing has been performed to determine the effect of
nation, in most instances, does not extend beyond approxan applied lateral load on an IG unit edge seal, in particular
mately 5 mm ¥is in.) from the edge of the glass. While the with simulation of a negative wind loa@2, 23) This testing
structural integrity of the laminated glass normally is notindicated that the edge seal experiences mostly normal strains
impaired by this phenomenon, the aesthetic appearance d@fie to the out-of-plane displacement and rotation of the inward
these edge defects should be considered. There are no spedgging lite of the IG unit and a change in edge seal shape
performance requirements for laminated glass for SSG sygesulting mostly from a shearing action due to the rotating lites
tems. Laminated glass is sensitive to the duration of an applie@f the IG unit. Additionally, testing also has been performed to
load, as well as exposure to elevated temperatures. Industfjmulate the effects of varying IG unit edge spacer shapes
standard procedures should be followed for evaluating lamiwhile experiencing a static loa@4). This testing determined
nated glass for the duration of an applied load and the effecihat there can be an increase in strength of the edge seal with

of thermal stress, wind, elevated temperature, and if appncaméhree—side adhesion of the secondary sealant to the spacer as the
snow load. epth of the edge seal increases. Additionally, the shape of the

22.4 Spandrel Glass- Spandrel glass is available with a spacer had an effect (_)n_the strerllgth of the edge seal.
fired-on ceramic frit coating, an adhesively applied plastic film, 22->-4 If an :G unit '}5 rt:se((jj in-an fm;}tward slppedd SSGl
or a silicone-based paint coating. Frit-coated glass is used fgystem, an evaluation of the design of the IG unit edge sea

: - : : hould be performed for this condition. The constant dead load
structural glazing applications provided the sealant will adher%f the exterior lite of the IG unit may change the ratio of load

to the frit coating as verified by the structural sealant manu; haring between its interior and exterior lites. Additionally, the
facturer. The structural sealant manufacturer should provid<§. 9 : Y,

- ; . . e . _constant dead load also may create stresses on the edge seal
specific cleaning, and, if required, priming recommendation

?pat can affect the service life of the hermetic edge seal of the
for approval by the glass manufacturer for those areas 9 unit

sealant contact prior to cleaning the glass and application of the ) . "
P g 9 bP 22.5.5 The hermetic seal of an IG unit has a definitive

structural sealant. An opacified spandrel using an adheSivellYfe-time Replacement of the IG unit will be required at some
applied organic film also is used for a SSG application,. - Rep d

Jime in the future. The SSG system must be designed to permit

provided the film and its adhesive is deleted from the are lazin v and ad telv to reol IG units that hav
where a structural or weather sealant is to be applied. alfegiazing easily and adequately 1o replace 1> units that have
reached their effective service life.

opacifier film adhesive residue on the glass surface must be ) ) )
removed using the cleaning recommendations of both the glass 22-2-6 Heat-treating of one or both lites of an IG unit may
and sealant manufacturers. Opacified spandrel glass that ha®§reauired to adequately resist thermal breakage or wind load.

factory-applied silicone paint can be used for a SSG applica-dditionally, one or both lites may have to be fully tempered
tion. As for film opacified spandrel glass, the silicone paint®" aminated to conform to safety glazing code requirements

coating should be deleted where the structural sealant will bynere applicable.

adhered. Due to heat build-up in spandrel glass that has a solar22.6 Heat-Treated Glass

exposure, the glass must be heat-strengthened to resist thermak2.6.1 General—Both heat-strengthened and fully tem-

stress breakage. Additionally, the lite must be tempered opered glass can be used for structural glazing applications

laminated fully to conform to safety glazing code requirementsgprovided any bow, warp, wave, and kink characteristics caused

where applicable. by the heat-treating process do not cause an oversized or
22.5 Insulating Glass undersized structural sealant joint beyond the limits established

. . . for it. The glass should be heat-treated according to Specifica-
22.5.1 AnlG unit, sometimes referred to as a double g.IaZ'.nQion C 1048. Both types of heat-treated glass can be manufac-

umt,lcan . qsed for a structural_sea}lant gIazmg apphcayoaﬂed by a horizontal or vertical process. If a vertical process is
provided that it conforms to the guidelines described in Gu'dehsed fong marks, which could be considered objectionable
C 1249. This guide provides information on, among others, IqN-” b,e seen closé to one edge of the glass. If a horizontal,

unit edge seal component§; structural design of the edge S_e&]ocess is used, visual distortion known as roller wave may be
using Test Method C 1265; compatibility issues of the IG unityy,q,ced, which visually could be objectionable under cer-

edge seal with other sealants using Test Method C 1294, \jewing conditions. The horizontal heat-treating process

adhesion of the edge seal secondary sealant; issues knownl}ges an oven of a certain width. The SSG system designer

affect edge_ seal_durability; and a discussion of quality assurzpqyid be aware that depending on glass sizes and their
ance considerations for the edge seal system. The second@fjentation to each other on the building that roller wave
seaqut of.an IG unit edge seal should meet the requirements Bétterns may be installed at opposing orientations. Typically,
Specification C 1369 when used as part of a SSG system. {ne short dimension of the glass is parallel to the rollers when
22.5.2 There are structural glazing sealants, which ar@eat-treated and depending on location on the building some
acceptable for use when glazing a monolithic lite of glass, buglass lites could have roller wave oriented vertically and some
are not suitable for use with an IG unit that is suitable for SSGhorizontally, which in most cases is considered aesthetically
Compatibility of sealants and other materials with the IG unitobjectionable. Both types also may have a visible strain pattern
edge seal should be verified by Test Method C 1294 anthat is viewable under certain lighting conditions and that
attested to by the sealant manufacturer and IG unit fabricatdsecomes more visible with thicker glass. Since the heat-
prior to use. treating process can introduce visual distortion into the glass,
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construction of a full size mock-up is highly recommended to 22.8.2 Coating ProcessesIn general, both a pyrolitic coat-
view the aesthetic characteristics of the heat-treated glass. ing and magnetic sputtered vacuum deposition (MSVD) coat-
22.6.2 Heat-Strengthened GlassThis glass will have a ing process can be used to provide a reflective or low
surface compression of not less than 24 MPa (3500 psi) ggmissivity (low-E) coating on a glass surface. A pyrolitic
greater than 52 MPa (7500 psi) after heat-treating. Similar t¢oating is applied onto the still hot glass surface during glass
annealed glass when broken, relatively large sharp shards wimanufacturing, and therefore, becomes integral with the body
result that can be hazardous. of the glass. In general, structural sealants have the same
22.6.3 Fully Tempered GlassThis glass, sometimes re- adhesion characteristics to this_ co_ated g_Iass as they do to an
ferred to as toughened or safety glass, will have a surfacincoated glass. An MSVD coating is applied at room tempera-
compression of not less than 69 MPa (10000 psi) and an edgilére_ in a vacuum chamber after the glass lite has been
compression of not less than 67 MPa (9700 psi) or will mee abricated to size and the coating is not mtegral wnh th.e body
ANSI 797.1 or CPSC 16CFR 1201. When broken, mam/ofthe glas§ aswﬂhapyroll_tlc coating. As prewously_lndlcated,
relatively small glass pieces or clusters of small pieces willEd9e deletion may be required for some MSVD coatings where
result that reduce the likelihood of serious glass relategtiuctural sealant adhesion to the coated glass surface is
injuries. Fully tempered glass, due to impurities that infre-N€cessary. , _
quently occur in the glass melting operation, can be susceptible 229 Other Glass Products-Decorative forms of glass lites,
to a spontaneous breakage condition caused by a nickel sulfid@" €xample, cast, wired, sand-blasted, acid-etched, and silk-
stone inclusion. Use of fully tempered glass in nonbuildingSCcréen painted have been used successfully in a SSG system.

code mandated areas should be evaluated for the potentihi’€ir use is predicated on suitable analysis of glass lite strength
impact and liability of spontaneous breakage. for the application and confirmation by testing of achieving

22.7 Chemically Strengthened GlasséAnnealed glass is adequate structural sealant adhesion to the glass surface.
submerged at high temperatures in a bath of molten potassiup8. Panels
salts. Athinlsurfacel compresg:ion layer is induced in_ the glass 53 1 General_There are many different types of panel
by exchanging sodium ions in the surface layer with largerierials, other than glass, that could be considered for a SSG
potassium ions. This process strengthens the glass withoypjjication. It is beyond the scope of this guide to list and
introducing visible distortion. Chemlcally str_engthened glass igyescribe the many panel types and variations that currently are
not a safety glass. If broken, it fractures like annealed glassavailable, some of which may not be suitable for a SSG
Presently, this gIa§§ is relatively expensive since it _is mad(_e i%pplication. The SSG system designer should consider care-
small batch quantities. Generally, except for security glazing,y the use of a panel material other than glass to ensure that
laminated glass and other glass products requiring increasgfle’ chosen panel will have the necessary performance charac-
strength, flatness, and visual fidelity, chemically-strengthenegyistics for use in a SSG system. Additionally, the SSG system
glass is not used in building construction. If chemically- yegigner should have the potential for both weatherseal and
strengthened glass is contemplated for a SSG application, theliyctyral sealants to alter the appearance of the surface of
an evaluation and testing program should be implemented 10 & he|s that they are in contact with determined by standardized
least verify its availability and suitability as a substrate fortesting procedures (See 25.1 and Guide C 1193). The manu-
structural sealant adhesion. facturer of the panel also should be involved in the design and

22.8 Coated Glass development of the SSG system and should agree to the use of

22.8.1 General—A coated glass, such as reflective or low his product in this application. As for a glass panel, these other
emissivity, may be used for a SSG application provided theanel materials should have the required strength and deflec-
structural sealant manufacturer verifies adhesion of the strugion characteristics for the application and should provide an
tural sealant to the glass coating, and the glass coatingcceptable, sound, and durable surface for adhesion of the
manufacturer verifies that the coating is suitable as an adhesi@tructural sealant. They also should have the requisite durabil-
surface for the structural sealant for a SSG application. Théy for exterior use when considering weathering and other
sealant manufacturer should provide specific cleaning, and, #ffects on the panel material. The following sections will
required, priming recommendations, which also are approvedescribe briefly metal, composite, and natural stone panels.
by the glass coating manufacturer, for preparing the coated 23.2 Meta—Metals that are used commonly for window
glass surface for application of the structural sealant. Somand curtain wall panel construction include aluminum and
coatings are not suitable for structural sealant adhesion. In sudtainless steel. Ferrous metals have seen limited use for SSG
instances, the coating is removed from the glass surfacesystems. Galvanized decking has been used as a substrate for
generally called edge deletion, where structural sealant adh#éhe attachment of stone and ceramic tiles. Unfinished cold
sion will occur. Edge deletion can be by abrasion of the glassolled steel is inappropriate for an SSG application because of
surface or by use of a flame to burn the coating off the glasfts corrosion potential. When exposed to certain conditions,
surface. If edge deletion is used, the resulting glass surfacgteel will corrode under the structural sealant, causing a loss of
should be verified as suitable for structural sealant adhesion. Asdhesion. Aluminum for a panel surface can be supplied in the
with tinted glass, heat-strengthening may be required to resisbrm of sheet, plate, or cast metal. The sheet and plate forms
thermal breakage or wind load. Additionally, the lite may haveusually are attached mechanically to an aluminum extrusion
to be fully-tempered for safety glazing code requirementsaround their perimeter. Stainless steel usually is supplied as a
where applicable. sheet material that then is formed and usually welded. Stainless
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steel is a very good substrate for a structural sealant becausesibne surface must be verified, particularly when considering
its corrosion resistance and durability. Aluminum faced panelshe effects of, among others, water immersion, freeze-thaw
will have a surface finish that is either anodized or coated witttycling, and heat aging. Equally important to success are
a factory applied, baked-on organic finish. Depending on theletermining the dimension stone’s properties and any potential
aluminum substrate the organic coating can be applied bghanges that could occur with time that would have an effect on
different processes. Color matching between coatings on coibtructural sealant adhesion. The particular structural sealant
stock, extrusions, and sheet and plate aluminum products cand dimension stone combination should be tested and verified
be problematic depending on the particular finish type, colorbefore stone is purchased for an application. Structural sealant
and degree of surface gloss. The concerns addressed in Sect@tachment of dimension stone has some advantages over
21 relative to structural sealant adhesion to the aluminungonventional noncontinuous kerf mechanical attachment that
surface finish also apply to this panel type. Stainless steel fagreates a localized point loading condition. Primarily, it permits
exterior use should be from the 300 series of alloys to providéiniform distribution of wind load stress for the entire perimeter
corrosion resistance. Stainless steel surface finish can vagf a stone panel, rather than at localized mechanical anchorage
from one that is highly polished to textured with color varying points, which minimizes the potential for stone cracking and
from a natural metal to almost black. Stainless steel can presef@ilure associated with concentration of those stre¢2&s To

a surface for structural sealant adhesion that can be problemagaluate the structural performance of a dimension stone panel
(47). Prior to substantial system development, the SSG syste@nd its structural sealant attachment in an SSG system appli-
designer should verify by testing, that includes both thecation, Test Method C 1201 can be performed. This test can be
structural sealant and panel manufacturers, that adequate a¢ésed as an evaluation tool prior to incorporating dimension
hesion can be obtained. Depending on size and lateral loagtone into the detailed design of an SSG system. Dimension
these panels can be reinforced on their interior facing surfacétone panel attachment using only a structural sealant may not
with stiffeners, extruded aluminum or cold or hot formed be desirable in some applications due to the limitations of a
shapes, that are either structurally adhered or mechanicalffructural sealant in a fire situation, wherein failure of the
attached by welding to the panel material. These panels the¥falant could result in detachment of a stone panel from a

can be insulated with conventional insulation materials eithePuilding. A combination of a structural sealant with supple-
in a factory setting or at the construction site. mental mechanical attachment could be considered as a more

23.3 Composite-These panels often are of a laminated reasonable ‘?‘pproaCh to secure dimension staée
construction. Exposed exterior facing materials can be the 23'.5 Plastic—Organic mater!als, such as a polycarbonate or
previously described aluminum and stainless steel sheet aﬁ&ryhc sheet, hav_e been used in SSG systems. To be success_ful,
plate, as well as porcelanized or otherwise factory coated Steépng-term adhesion of the structural sealant to the plastic

and thin stone veneer, among others. The panel core constru%?rface tshhogld t?e \t/er|f|9d Ib)é I?jboratﬁry testlltng \.N'ltht apg_r otprl-
tion usually is a rigid insulating material or a honeycombae weathering 1actors included, such as, ultraviolet radiation,

structural core. An interior facing material often is applied to hﬁﬁgcaen?ny;tiz -I;Eﬁ;g{gcf%'rra; Isoenaligtradgesiigﬁg;h%ﬁ:ﬁggc

create a balanced panel construction. The long term durabilitlgWat mav be required to enhance gstructuraplpsealant.adhesion

of these panels, which usually are laminated together wit y 4 . . k

. . . . i~ depending on the type of solvents in the primers, may cause
various adhesives, is a primary concern. Additionally, they . ; : .

. . tress related crazing of the organic material surface. A primer,

should provide an appropriate surface for structural sealan

adhesion. Typically, these panels have an edge Constructio|nreqU|red, should be as recommended by the structural sealant

that exposes the core material, which, for structural Sealanrpanufacturer. Additionally, plastic panels have approximately

lazina. mav need to be closed off bv wraopind the ane?'ght times more thermally-induced dimensional change than a
glazing, y y ppIng P ass lite. The differential thermal movement between a plastic
facing around the edge. The SSG system designer shou

verify by testing, that includes both the structural sealant an anel and a metal framing system must be considered ad-

angl nzlanufacgt]L,lrers fior to substantial svstem developme quately for the secondary shear stress that is induced in the
P : P ) >ySte /€lop tructural sealant joint. Lastly, most organic materials are
that the panel will have appropriate durability, in particular forIi

the various adhesive bonds used for panel assembly, and trLgted in use by the applicable building code when consider-
t

: . the material’'s performance in a fire situation.
adequate structural sealant adhesion can be obtained to 3.6 Others—Ceramic materials that are neutral in pH have
panel surface. '

_ ) _ _ been used in SSG systems. Prior to use it is important that they
23.4 Dimension Stone- Dimension stones that could be are determined to be appropriate for the application and
considered for use as an exterior cladding material in a SS@nvironment. Cementitious materials are not typically used for
system include granite, limestone, and marble. DimensioRn SSG application. Structural sealants have a limitation in
stones that are neutral in pH have been used in SSG systentgghly alkaline environments. Coatings to provide a barrier
These stones should meet at least the minimum requirements gétween the structural sealant and cementitious material can be
Specifications C 615, C 568, and C 503 respectively, as well agsed; however this is not typically done and if done should be

industry recognized dimension stone design procedures fqfeveloped with caution and due consideration.
coefficient of variation and safety factor based on Test Methods

C 99 and C 880. Dimension stone may not be appropriate fof4. Structural Sealants
structural sealant attachment in an exterior application. The 24.1 General—The proper selection and use of a structural
long-term adhesive relationship of the structural sealant to theealant for a specific SSG system application must be carefully
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considered27, 28) A structural sealant for a SSG application used in one instance for a specialized SSG application, only
must comply with the requirements of Specification C 1184. Atafter completion of a testing and evaluation program developed
this time, only a silicone sealant formulated for SSG applicafor that specialized application. Single-component structural
tions, and recommended by the manufacturer for structural usgealants are available with several different curing systems. An
is acceptable and will comply with Specification C 1184.acetoxy structural sealant will produce acetic acid as a byprod-
Presently, Specification C 1184 requires a structural sealant {gt during the curing process. As a result, this sealant usually
develop a minimum of 345 kPa (50 psi) tensile strength aftefs not used where the acetic acid fumes will contact the edge
exposure to standard conditions of 232°C (73.4* 3.6°F),  seal of an IG unit that has a multicomponent silicone secondary
air temperatures of 88°C (190°F) and —29°C (-20°F), wategegjant. The fumes can permeate the secondary sealant of the
immersion for seven days, and 5000 h exposure in a weathefs ynjt and cause it to loose adhesion to the glass. This effect
ing machine. Many colors, |nclud|ngl glear, have b.een usegyill cause fogging of the IG unit, and importantly for SSG
successfully for SSG work; however, it is good practice o Us&, nications, a change in the IG unit response to lateral load,
a pigmented sealant with black being the most generally usedyging in deficient load carrying capability. It is recom-

A clear structural sealant generally is not advisable since it h ended that a neutral cure structural sealant be used whenever

no pigment 1o block uItraonet rad|at|qn from passing thrO.Uthhis potential condition could occur. Additionally, acetic acid
the sealant and reaching the adhesion surface where it ma

affect the long-term stability of the substrate finish, and thus?.‘YS.ohCOUId react detrimentally with some metals or metal
adhesion of the sealant. Once a structural sealant(s) is chosen'S1es- ] )

and specified, based on at least successful completion of 24-2.2 Multicomponent- A multicomponent structural
adhesion and compatibility testing, a substitution should not bé€alant, usually consisting of two components, commonly is
made, without verifying for the substitution at least the sameused for SSG applications. These sealants usually are of
information just described. No two structural sealants, evefielatively high strength and high modulus and are made by
from the same manufacturer, can be assumed to be equivalghixing the two measured components together immediately
for a given application. If more than one structural sealant willprior to use. These sealants normally are used in a factory or
be used for an application then both sealants must meet ttghop glazed application and can provide a relatively rapid cure
specified criteria for the application. A situation where typi- rate. Depending on the two component mixing ratio, a multi-
cally this is encountered is when a multicomponent structuratomponent structural sealant can take only a few hours or up to
sealant is used for shop glazing and a single-component fawo or three days to cure. This is an advantage over a
repair and replacement at a construction site. A structuradingle-component structural sealant that can take many days to
sealant must be used within its manufacturer establishedchieve adequate strength to permit, for example, moving of
shelf-life. Also, a sealant's shelf-life strongly depends on itsshop glazed assemblies. Shop glazed assemblies using a
storage conditions, especially, temperature. Most structurghulticomponent structural sealant can be moved, crated, and
sealant manufacturers require that a single-component sealagiipped in a short period of time. Shop glazing presently is
or the components of a multicomponent sealant be stored at@quired for a multicomponent structural sealant since metered

temperature below 27°C (80°F). An out of self-life structural mixing equipment is necessary, which is heavy, bulky, and not
sealant or one stored at elevated temperatures may haY)%rtabIe.

significantly altered properties that could affect its curing,

adhesion, and ultimate durability. 24.3 Proper_ues
24.3.1 Tensile Strength- A structural sealant should have a

24.2 Types _ . . .

24.2.1 Single C At A sinal t structural minimum ultimate tensile strength of 345 kPa (50 psi) as
<-4 olngie Lompone single-component structura (;getermined by Test Method C 1135. This is a laboratory
sealant requires no mixing, which is advantageous since | : )

- o . . method that determines tensile strength based on small samples
eliminates a mixing process, which could introduce the chance

for a mistake to occur. The sealant, after application in ajoint,OI a tseallgnt tprp fllsesgore tmdlc.ar?ve of th;aths hapes used for
uses the water vapor from the atmosphere for its curin ructural joints in systems, Nowever, ITIhere IS concern as

process. The rate of cure, which can approach 21 days th(_e ability_ofaparticularjointdesign or shape to develop the
complete satisfactorily, is dependent on the quantity of Watepequwed _ult|r_nate structural sealant strength or other perfor-
vapor in the atmosphere and to a lesser extent, the ambieHtance criteria, a small scale mock-up testing program can be
temperature. The thickness of depth of a structural sealant joifte"formed to establish appropriate design val(®s Most

is important since a single-component structural sealant wilptructural sealants have an ultimate strength in excess of the
cure from its atmospherically exposed surface(s). The wate34> kPa (50 psi) min; however, that does not imply that a
vapor then must permeate the surface cured sealant materialdgsign tensile strength higher than the industry standard of 139
reach the uncured sealant beneath and complete the curik§a (20 psi) should be used. There are few cases, if any, that
process. Moisture curing structural sealants take time tavarrant an increase in the design tensile strength. With a SSG
complete the curing process, and therefore, it is advisable tapplication, a primary concern is maintaining adhesion with
verify with the sealant manufacturer the recommended sealagnvironmental exposure for the life of the installation. To assist
cure times for various environmental and use conditions. An maintaining adhesion, when experiencing any lateral- or
single-component structural sealant is available as a medium gravity-induced load, it is desirable to have a low sealant stress
high modulus formulation. A low modulus sealant has beerand therefore a low stress at the sealant adhesion area.
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24.3.2 Shear Strength- The ultimate shear strength of a siderations. When a structural sealant joint's dimensions are
structural glazing sealant usually will equal or exceed itsfixed or restricted determining the maximum and minimum
tensile strength. This statement, in general, has been proven forodulus values by calculation is important to determine if the
sealants. Experimental work suggests that a sealant’s shestructural sealant is appropriate for the application. Sometimes
stress is equal to or less than the tensile stress at the samith established joint dimensions, a sealant may be too high or
elongation, and therefore, a sealant’s tension modulus propelew in modulus and a change in the structural sealant should be
ties when used in conjunction with a Pythagorean Theorem camade to keep the generated forces and allowable movements
be used to calculate conservatively a sealant’s shear movemenithin acceptable limits.

(29). Shear strength and shear movement is of concern when a24.4 Accessories

structural sealant is adhered to the edge of a glass panel or too4 4 1 Cleaning Materia—The quality of a cleaner is as

a projecting fin of a supporting framework, usually foraslopedimportant as the quality of a sealant. For SSG applications,
glazing application. In this configuration, the structural joint o,,5lity considerations are not limited to the major components
must have the same general strength and modulus consideff the system, but also include cleaning agents and cleaning
ations as are performed for a structural joint experiencingqihs among others. The surfaces to which a structural sealant
tensile stress. It is highly desirable to have a stress/strain plgti| pe applied must be cleaned properly. Any deleterious
c_reated for a part_icular structural sealant in a shegr Conﬁgur%'ubstances, such as oil, grease, or powdery deposits, that may
tion based on using Test Method C 1135. With this plot, anqerfere with adhesion, must be removed completely. Degreas-
knowing the expected lateral and other loads, it is relat|velyIng solvents, such as methyl ethyl ketone (MEK), toluene,

easy to determine the joint's strength and deflection propertiegyjene, acetone and mineral spirits have been used as cleaners.
in & shear mode. Many of these solvents are regulated due to their hazardous
24.3.3 Movement Capability-A structural sealant joint will  nature and volatile organic compound (VOC) content. It is
have to accommodate differential thermal movement, as welecessary to know the environment and safety provisions for a
as lateral load induced movement, that will occur between &pecific application before a particular solvent is selected for
glazed panel and its supporting framework. A glazed panel wilkvaluation. Some solvents that may be considered appropriate
be cooled or warmed by ambient conditions, as well as warmefbr use are effective degreasers but can leave a residue film on
by direct solar radiation. The supporting framework, primarily the cleaned surface, which should be removed. A residue film
being on the interior of a building, will have its thermal can be removed using a solution of 50 % isopropy! alcohol
movement moderated by the interior conditioned environmenf|PA) and 50 % water. This solution is not an effective
Typically, differential thermal movement creates a shear Stl’GS@egreaser_ Sometimes a two-step C|eaning method is used. The
in a typical structural joint, reaching a maximum at or near thefirst step is a solvent, which is a degreaser, followed by the
panel corners. Obviously, the larger the panel and the greateecond step, which is a solution of IPA and water, to remove
the thermal gradient the larger the movement will be. Laterahny residue film. The structural sealant applicator should work
wind forces in a negative direction, tending to pull the glazedciosely with the structural sealant manufacturer, substrate
panel off the building, also will generate movement in afinish applicator, and cleaning agent manufacturer to devise a
structural sealant joint. This movement creates a tensile stresgiitable cleaning procedure as determined by testing. When
in a typical structural joint. The larger the glazed panel and theeceived at a shop or construction-site, and prior to use, a
larger the expected wind load, the greater the potential move:jeaning agent should have its quality verified by testing by an
ment. A structural sealant's movement capability must ba&ndependent laboratory. Small quantities of organic and other
considered in conjunction with its strength and moduluscontaminates in the shipped cleaning agent can adversely effect
characteristics. adhesion of the structural sealant to a cleaned surface. Cleaning
24.3.4 Modulus—Low, medium, and high modulus sealants cloths or wipes also must be free of contaminates and be lint
all have been used in SSG applications, with a low modulugree. Some commercially available disposable cloths or wipes
sealant only being used after very careful considerationcontain additives, such as lanolin, to improve softness. These
Modulus for structural glazing typically refers to a secantadditives will contaminate a surface and affect structural
modulus and most often is stated as a force or stress at a givegalant adhesion.
elongation or strain. For a particular SSG application, a 24.4.2 Surface Conditione~Sometimes a structural sealant
maximum modulus value is determined so that the structurahay require the application of a surface conditioner or primer
sealant will not be so stiff that any expected differentialto achieve acceptable adhesion performance. A primer, if
movement it will experience will generate sealant forcesrequired, normally is furnished by the sealant manufacturer and
greater than its allowable design stress. Also, a minimunis formulated for use only with their sealants. A primer from
modulus value is determined so that the structural sealant witbne sealant manufacturer should never be used with a sealant
not be so flexible as to allow unacceptable movement, therebiyom another manufacturer. Some structural sealant manufac-
permitting a glass lite or panel to move off setting blocks orturers have several primers that are designed to be used with
supporting fins. Research and testing has been performed théeir different structural sealants and with different substrates.
also indicates that the modulus of a structural sealant magelection of a primer for use with a particular structural sealant
change with time after its installation in a SSG syst3a). and substrate finish should be the responsibility of the sealant
Appendix X1 in Specification C 1184 provides a discussionmanufacturer based on data obtained from testing performed
with calculation examples, of structural sealant modulus conen submitted substrate finish samples. As for sealants, a primer
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must be stored and applied in accordance with the manufadion. No material substitutions or formulation changes should
turer’'s recommendations and used within its stated shelf-lifeoccur after testing confirms adequate compatibility and, where
required, adhesion. If a substitution has to be made, then the
25. Nonstructural Sealants testing will have to be repeated. Compatibility testing is
25.1 Weatherseal SealantsA weatherseal sealant for a performed using Test Method C 1087. Some extruded acces-
SSG application must comply with the requirements of Specisories can have a coating of a powdery substance or other
fication C 920. At this time, only a silicone polymer basedmaterial surface film. These materials can interfere with
formulation is used for a structural sealant, and therefore, thadhesion of a sealant to the surface of an accessory or can
weatherseal sealant also should be of a silicone formulation teontaminate other adhesion surfaces. This should be consid-
minimize any adhesion and compatibility concerns between thered during the testing process. The following sections briefly
two sealants. Typlcally, the weatherseal is the first line Ofdescribe typ|Ca||y used accessories.
defense against water and air infiltration through a window or 5¢ 5 Spacers—When using glass in structural sealant glaz-
curtain wall system; therefore, the weatherseal should receiviﬁg, a spacer is used to provide, among others, a continuous

the same degree of evaluation during design and testing asygmnorary cushioned support for the glass prior to application

structural sealant, to verify its performance for its appllcanon.and curing of the structural sealant and assists in creating and

Tge adfhe5||on slgrfacl:g for a \éveatherlseal shealant tylplcally '”S HMaintaining a properly sized opening to receive the structural
€ gedo ag E;SS |te]; ur:|t edge s?a or other pat?e ’_?S we ”a§ealant. There are a wide variety of structural sealant glazing
an edge or face ot an aluminum framing member. _yp'ca_y’system joint designs and almost every type of spacer material
adhesion and compatibility of a weatherseal is verified usingp -+ is used for conventional glazing has been used for a
Test Methods C 719 and C 794 for adhesion, and Test Methogtructural sealant glazing application. Typical materials include

c Eotf for leimpf"".tt'b'“ty' A seal?nt, dependln% O.rc‘j formui‘?‘t'onvinyl and other types of foam tapes, mastic glazing tapes, both
and the quality oT 1ts components, can cause fiuid migration o ponge and dense elastomeric rubber and vinyl extrusions, and

rundown to occur on adjacent sgrfaces. Both porous an ermoplastic rubber extrusions. There are three primary meth-
non-porous substrates are susceptible to these effects. Laborg;

torv testing for potential staining of a borous substrate b s used to retain a spacer in place. It can lock-in-place on a
seglant (':a% be gerforrlned u;irzggTest I\/?ethc?ds 32203 Cglaurface, be friction-fit between surfaces, or be adhered to a
or C1248. These test methods are typically used prior t urface(s). A lock-in-place spacer has a specially formed leg or

. . I . . rotrusion that is designed to lock into a similarly shaped
sealant installation to test a specific substrate material with . .
groove or pocket in a metal framing system member. A

particular sealant. See Guide C 1193 for additional informa; . : . d
. ) ._lock-in-place spacer provides precise location control to create
tion. Various types of movement, for example, thermal, seis-

mic. and wind induced. as well as material, fabrication the required size of opening for a structural sealant joint. A

. . X "friction-fit spacer is used with construction-site glazing of glass
erection, and framing system tolerances will have to be "' ! ; 2

e ..~ and is designed to be installed after the glass is in place on the
accommodated by a weatherseal joint. Weatherseal JOIntr?qetal framing system. This spacer is the most difficult to install
include those that occur between various cladding components gsy ' P

and usually, at each or every other floor in multistory con:struc—prOperly because it must be inserted between the glass and

tion. A weatherseal joint at each floor is referred to colloquiallymen’II framing surfaces only as deep as the struciural sealant

LT .o joint design requirement. Some metal framing members are
as an expansion joint. For proper performance and durability, £ . . S X
P J broper p Y truded or fabricated with a stop to assist in proper alignment

weatherseal joint must be designed for the movements an " .
tolerances that typically occur at these joi(@4) of the spacer. Additionally, any bow or warp that occurs with
25.2 Framing System Sealants/arious typeé of sealants the dlass or metal framing can eliminate or diminish the

typically are used to seal joints internal to a SSG applicatior’'¢SSUré required to hold a friction-fit spacer in place. A
framing system. For example, internal drainage mechanism ressure sensitive adhesive (PSA) can be applied to one or two

often called gutters, frequently are sealed watertight usin urfaces ofaspacer.Aspacer with one PSA surface usyally IS
sealants based on silicone, butyl, or acrylic polymers. Thes dhered to the metal framing system surface. A spacer with two

same sealants also are used to seal other joints or openingsQBPOsite sides with a PSA generally is adhered first to the

limit air exfiltration or infiltration. Where these sealants canSurface of Ithe Lnetal fra;]mnghsystem, W'thf a glaﬁs panel
contact or have an effect on an installed structural glazing opuPSequently adhered to the other spacer surface. The two-side

weatherseal sealant, they must be tested and proven to A spacer provides a temporary support to retain the glass in

compatible. place until the structural sealant has sufficiently cured for a
shop glazed application. It is important to keep in mind that a
26. Accessory Materials spacer with a PSA on two surfaces generally is not designed to

26.1 General—A variety of accessory materials, such asfunction as a temporary retainer, to hold the glass in place
spacers, gaskets, setting blocks, tapes, and different types Ql,qmr_\g s_tructural sealant curing, for a construction-site glazing
sealant backing, may be placed in direct or incidental contactPplication.
with a structural glazing sealant. Each of these accessories has26.3 Gaskets—A compression seal and wedge gasket can
a function in a SSG application. Accessory materials should beccur at one or more edges of a glass lite in a SSG application.
tested and approved by the structural sealant manufacturer Both gaskets will occur most typically at the head and sill and
appropriate for use with the structural glazing and otheterminating jambs of a two-side SSG application. Generally,
sealants prior to any SSG system assembly testing or fabrictéhese gaskets are formulated from chloroprene (heoprene) and
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ethylene propylene diene monomer (EPDM) rubbers that meet substitute for the various spacer materials described in 26.2.
Specification C 509 for a compression seal gasket and Specsealant backing compatibility with the sealants with which it is
fication C 864 for a wedge gasket. These gaskets also could Ipoposed to be used, should be verified by Test Method
fabricated from a silicone rubber. Thermoplastic gaskets re€ 1087. If the sealant backing is to be used in a joint that will
cently have become available; however, obtaining siliconeexperience movement, then the sealant backing should not
sealant adhesion to the surface of a thermoplastic gasket is vecause or contribute to a three-side adhesion condition that
challenging and difficult to achieve in those applications wherevould compromise the sealant’'s performance. Materials that
adhesion is required. These gaskets should have the same leaet used commonly for sealant backing include polyurethane,
of performance as would be expected for a conventionapolyethylene, and polyolefin. These materials are fabricated or
glazing system. The gaskets should be designed so that whemtruded into sealant backing that can have an internal cellular
installed, the interior gasket maintains the interior glass litestructure that is composed of open cell material, closed cell
surface in plane with the structural sealant joint spacer thamaterial, or a combination of both.

occurs where there are no gaskets. Both gaskets must be26.5.2 Open Cel—An open cell sealant backing normally is
compatible with the structural and weatherseal sealants fafiade from a polyurethane material, which is fabricated into
incidental contact between the gasket and the sealant. For begirious size cylindrical, rectangular, or other shapes that do not
performance, the weatherseal sealant should have acceptablgve a surface skin. Due to its open cell structure, this sealant
adhesion to the exterior gasket surface to maintain systefacking has a low density and is easily compressible into place;
weather tightness. Other than for glazing, gaskets such asowever, the open cell structure tends to retain and can wick
sweeps, air seals, and expansion joints can occur integral witater that may infiltrate behind the sealant joint or through
a SSG system or at its periphery as a transition betweegther system deficiencies. The use of an open cell sealant
building systems. These gaskets also should receive the samBgcking should be evaluated carefully so that the possibility of
degree of consideration for compatibility and adhesion issueg water saturated sealant backing in direct contact with a
as for a glazing gasket. structural sealant glazing joint is precluded.

26.4 Setting Blocks- Setting blocks for a SSG application  26.5.3 Closed Cel— A closed cell sealant backing normally
perform the same function as for conventional glazing, that isis made from a polyethylene material, which usually is
they support the dead load of a glass lite or other panel typextruded into various size cylindrical shapes that have a surface
Typically, setting blocks can be made of a silicone, neopreneskin. Due to its closed cell structure, this sealant backing has a
or EPDM rubber that meets Specification C 1115 for silicondow density and is less easily compressible into place then an
and Specification C 864 for neoprene, or EPDM, and has beespen cell sealant backing. The closed cell structure, however,
proven by testing to be compatible with the sealants proposegnds to not retain or wick water that may infiltrate behind the
for use in a SSG application. For a two-side SSG applicatiosealant joint or through other system deficiencies. If proper
where a horizontal sill or intermediate horizontal framingworkmanship is not employed during installation, however, the
member is glazed conventionally, a typical setting blocksurface skin of the backing can be punctured and with
arrangement is used. For a four-side SSG application, or whernvironmental heating the backing outgasses into the uncured
structural glazing occurs at horizontal framing members thasealant producing bubbles and other defects in the cured
have setting blocks, the setting block arrangement is differensealant. This condition can result in water infiltration and
To maintain a neat and flush weatherseal sealant appearancempromise the ability of the sealant to accommodate move-
the exterior face of the setting blocks must be set back from thement. The sealant backing can be tested for its out-gassing
exposed sealant face. To maintain adequate dead load supppadtential by Test Method C 1253.
for a glass lite or panel, the set back should be no more than 26.5.4 Bicellular—This sealant backing normally is made
one-half the thickness of the supported lite or panel. For an IGrom a p0|y0|eﬁn or po|yethy|ene material, which usua”y is
unit, the setting blocks should be set back no more thagxtruded into various size cylindrical shapes that have a surface
one-half the thickness of the outermost lite of the IG unit. Atskin. It has a cell structure composed of both open and closed
these horizontal framing members, a shelf is provided for fullmaterial. Due to its cellular structure, it has the water absorp-
support of the setting blocks. The setting blocks can be inion characteristics primarily of a closed cell sealant backing;
contact with the structural and the weatherseal sealants. Wheﬁowever, cut ends of the sealant backing can retain water. Due
ever there is contact, the setting block should be made of g its combination of open and closed cells, if the surface skin
material that is compatible with both sealants. Also, the settings punctured, this backing will not outgas into an uncured
block material must be compatible with the secondary edg@ealant. The skin can winkle or fold over, however, when
s_eal of an IG unit and the plastic interlayer of a laminated glasfhstalling the backing into a joint opening if it is not sized
lite. properly for the opening or installed correctly.

26.5 Sealant Backing 26.6 Bond Breaker— A bond breaker normally is a self-

26.5.1 General—Compressible sealant backing materialsadhesive tape, usually made from a TFE-fluorocarbon or
often are used in SSG systems, primarily as a weathersepblyethylene material, to which a sealant will not develop
sealant backing for joints that occur; for example, betweeradhesion. A bond breaker normally is not associated with a
glass lites and IG units, at floor line expansion joints, and othestructural sealant glazing joint; however, it is used typically at
similar conditions. Sealant backing should meet the requirea weatherseal joint, where due to dimensional constraints, a
ments of Specification C 1330. Normally, they are not used asonventional sealant backing cannot be used. A bond breaker
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has very low or no adhesion to a sealant thereby avoiding aubstrate and finish can be qualified for an application. Modi-
three-side adhesion condition, which is detrimental to propefications to Test Method C 1135 to model exposures relevant to
sealant movement. If a bond breaker tape is required for a SShe particular application and then compared to control samples
application, its compatibility with and lack of adhesion to a are the only way to determine if new materials and finishes are

sealant, must be confirmed by testing. appropriate and acceptable. In some applications, glass, metal,
STRUCTURAL SEALANT DESIGN or other ad.heS|on substrates may have coatings, sgrface tr.eat-
ments or difficult to remove contaminants that require special
CONSIDERATIONS X . : . o
cleaning techniques or primers. Due to this surface variability,
27. General the adhesion substrates should be sampled and tested from

27 1 Sealant SelectieaThe selection and use of a struc- actual production runs as described in 36.1. To monitor for any

tural sealant for a particular application will depend on severapU"face changes during material production runs or system
criteria. The sealant must meet the requirements of Specificd@brication or installation, consideration should be given to
tion C 1184 as generally described in Section 24, must bgvaluating substrate adhesion at the beginning, periodically
compatible with materials and other sealants with which it is induring, and at the end of the material’s production run and its
contact, must develop adequate adhesion to its substrates, mirgorporation into the system during fabrication or installation.
have an appropriate design factor, and must have ultimate argonsideration should be given to identifying a sealant, which,
design strengths suitable for the application. The followingif possible, will provide adequate adhesion without the use of
generally describes considerations for use in establishing thegeimers.

criteria. . o _ 27.4 Design Factor— Generally, the less engineering

~ 27.2 Compatibility— Compatibility always should be inves- ynowledge available and the higher the degree of risk, the
tigated, never assumed. There are no" always compatiblgy ger the design factor. The establishment of a design factor
combinations of sealants with other materials. Sealants fof,, 5 55 system structural sealant depends in part on the

structural and weather seals should be tested for compatibility, .t <e criteria established for a SSG system, and con-
amongt themselves and with materials and finishes they conta fderation of other factors, such as risk to building occupants

or are in close proximity. Materials and flnlsh_es, with time andand pedestrians, loss of strength or adhesion that may occur
exposure to the ultraviolet component of sunlight, can exude or . . ;
release plasticizers or other materials into a sealant, which cé?ﬂh system aging and vyeath_ermg, a secondary ;tress_e s evalu-
cause a sealant to change color or lose adhesion. Also, the on, degree of tech.n.lcal mnovat.lon_ and engineering un-
accessories can have surface residues or contaminants fréfiowns when all conditions of application and use cannot be
manufacturing that can migrate into the structural sealant. Aontrolled or even foreseen, and the ultimate tensile strength of
change of color is evidence of a potentially detrimentalth® Sealant. With a minimum ultimate structural sealant
chemical reaction, and although adhesion may not be initiallptrength of 345 kPa (50 psi), as required by Specification
lost, the color change could be predictive of a future loss ofc 1184, and a SSG industry recommended maximum design
adhesion. Other structural sealant characteristics that alggrength of 139 kPa (20 psi) a minimum design factor of 2.5
could be affected by incompatibility with an accessory includecurrently is used. Depending on the ultimate strength of a
the sealant’s ability to fully cure, its ultimate strength devel-particular structural sealant and the determined structural
opment and its aesthetic qualities. Compatibility testing issealant design factor, a design strength of less than 139 kPa (20
described in 34.3. psi) could result. If a different structural sealant is planned for
27.3 Adhesior—Structural sealant glazing &dhesionOb-  maintenance work, then its strength and other properties should
taining and then maintaining long-term adhesion of a structurahe evaluated and found to be compatible with the chosen
sealant is the primary variable in a successful installai®  design factor, as well as other system performance criteria
32, 33) Sealant manufacturers usually determine what isstablished for the primary structural sealant. For example, a
necessary to achieve adequate adhesion, and if a primer Rfylticomponent structural sealant that has an ultimate strength
surface conditioner is necessary, by using the test methodg 589 kpa (100 psi), may be used during fabrication in a
described in 34.4. The design professional can request teg{ciory glazing environment while a single-component struc-
information to qualify substrates unique to each applicationy 5| sealant that has an ultimate strength of 345 kPa (50 psi),

For example,_ i anew stone Is being used for structural seala ay be used for post construction building maintenance. Using
?rt;z(z:zn:r?:\}\; éi)#\?ji?gr?izlopriﬁf;?:Iien:lggat:]eattgi stone thr?ug 139 kPa (20 psi) design tensile strength results in design
- 9 ; PENENCES Ul ors respectively of 5:1 and 2.5:1 for the structural sealants;
seasons. Test Method C 1135 specimens can be used for th‘e - .
freeze-thaw tests. If a new metal or metal finish is proposed fo erefore, bOth. ShOUId be verified as meeting the system
an ocean exposure with salt spray, Test Method C 113§erformance criteria and other factors.
specimens can be placed in a salt fog chamber. Practice B 11727-5 Design Strength- The SSG industry, by consensus,
can be used to evaluate the salt fog effect on the strength afts limited the design tensile strength of a structural sealant to
modulus of the structural sealant relative to the material and itg¢ maximum of 139 kPa (20 psi). Using a design tensile strength
finish. There will continue to be new materials and surfaceyalue in excess of 139 kPa (20 psi) should not be used without
proposed for an SSG application. It is only through testing tcserious consideration. The 139 kPa (20 psi) limit has proven by
evaluate early adhesion and long term durability that thesxperience to be a wise choice.
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28. Structural Sealant Joint Terminology a substantial influence on the structural sealant joint thickness
28.1 Genera—Since the beginning of the SSG industry, dimension and the modulus required of the structural sealant.

nomenclature for structural joint terminology has been varied .
sometimes confusing, and occasionally creative. The wordd®: Structural Sealant Joint Load Transfer

bite and thickness offer the most concise and easily remem- 29.1 General—Applied loads are transferred from a glass
bered terms for the two most often used structural joindite or panel through the structural sealant to the supporting
descriptors. These two terms are defined in 3.2 and illustrateahetal framing system by stressing the structural sealant in
by Figs. 1 and 7. compression, shear, or tension or a combination of shear with

28.2 Bite—This term is similar to its use for a convention- either of the other two. The fOlIOWing brleﬂy describes typlcal
ally glazed system, where it refers to the overlap of a glass lit@fimary and secondary loads and the transfer of applied loads
or panel edge by a conventional glazing system, therebiﬂ)r three common structural sealant joint Configurations.
permitting the transfer of an applied load from a glass lite or 29.1.1 Primary Loads— This usually is an applied load that
panel to the framing system. Bite refers to the effectiveis induced by the wind resulting in either a negative or positive
structural contact dimension of the structural sealant, thapressure being exerted on a SSG system surface. Additionally,
through its adhesion to the substrates, transfers an applied lo&@r tall or other buildings, the negative or positive pressure
from a glass lite or panel to the metal framing system (see Figdoads caused by a stack effect usually are combined with those
1 and 7). from wind to arrive at composite primary loads.

28.3 Thickness-This term refers to the minimum structural ~ 29.1.2 Secondary Loads- Sources for these applied loads
sealant dimension or thickness (see F|gs 1 and 7) that iglclude dead load from aglass lite or panel, differential thermal
acceptable between structurally bonded surfaces or substrat@dovement between a glass lite or panel and the supporting
To permit the proper application of a structural sealant into andnetal framing system, differential building movement, SSG
filing a joint opening, a minimum dimension needs to besystem component fabrication, and seismic events.
maintained. For shop or factory glazing, an opening as small as 29.2 Edge of Lite or Panel
5 mm @1sin.) has been glazed successfully. For construction- 29.2.1 Primary Load— The structural sealant is adhered to
site glazing, an opening no less than 6 nimi(.) is required the edge of a glass lite or panel with the opposing face of the
for proper sealant application. Thickness also is dependent astructural sealant adhered to a metal framing system surface
the joint opening bite. The greater the bite, the greater théFig. 1a). As a glass lite or panel receives an applied negative
required thickness to allow proper and complete sealant fillingrressure from the wind, it is transferred to and through the
of the joint opening. The thickness of a structural sealant joinstructural sealant to the metal framing system. The load
also is dependent on an analysis of the interaction of théransfer causes a shear stress in the structural sealant. If an
structural sealant modulus with the primary stress, usuallapplied load is positive, then the load usually is transferred
from an applied lateral load, and with other secondary loadshrough a continuous interior gasket upon which the lite or
such as those resulting from differential thermal movemenpanel rests, and thence, to the metal framing system. This
between a metal framing system and a structurally glazed glassethod of load transfer often is used in sloped glazing and
lite or panel (see 30.3). Depending on system configuration anskylight systems, particularly where a glass lite or panel
the size of glass lites or panels, the secondary loads can hatransfers load to a purlin of a metal framing system. This
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(a) Vertical Corner With One Lite or Panel Structurally (b) Positive Applied Lateral Load (c) Negative Applied Lateral Load
Sealed to the Other

FIG. 7 Applied Load Transfer at a Vertical Corner Structural Sealant Joint (see Fig. 1 for Legend)
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method commonly is used for these systems since the lack ¢ie amount of the applied load on a structural sealant that will
a projecting metal framing system cover at a purlin allows rairbe taken in shear, for this joint configuration, is 3 to 5 %. Even
to drain off the system, without collecting at a purlin projection with the most advantageous structural sealant joint geometry, it
that normally would occur with a conventionally glazed slopedmay rise to only about 11 % of an applied load. For this joint
or skylight system. configuration, common usage is to ignore the shear contribu-
29.2.2 Secondary Load- The predominate secondary load, tion and to calculate the required joint size based only on that
in most circumstances, is due to differential thermal movemenrortion of the joint that is effectively in tension or compression.
between a lite or panel and the metal framing system. As a lite 29.4.2 Secondary Load- The predominate secondary load,
or panel changes dimension relative to the framing system, thi@ most circumstances, is due to differential thermal movement
structural sealant joint, except where the lite or panel idetween a lite or panel and the metal framing system. As a lite
supported by setting blocks, will experience compressive stresy panel changes dimension relative to the framing system, the
as the lite or panel increases in size and tensile stress asSitructural sealant joint, except where the lite or panel is
decreases in size from its installed condition. Also, a secondargupported by setting blocks, will experience compressive stress
load due to dead load support of a lite or panel causes as the lite or panel increases in size and tensile stress as it
compressive stress in the structural sealant joint at the bottordlecreases in size from its installed condition, for that structural
shear stress on the sides, and tensile stress at the top ofs@alant portion at the edge of a lite or panel, and shear stress for
vertically oriented rectangular lite or panel. that portion adhered to its face. Also, a secondary load due to
29.3 Face of Lite or Panel dead load support of a lite or panel, for that structural sealant
r portion at the edge of a lite or panel, causes a compressive

panel the structural sealant is adhered to the face of the lite giress "? the structura_l sealant joint at the bottom, shear_stress
panel with the opposing face of the structural sealant adhered’ the sides, gnd tensile stress at the top of a vertically °“e"!ted
to a metal framing system surface (Fig. 1b and d). As a glasgectangular lite or panel and shear stress for that portion

: ; : : e dhered to its face.
lite or panel receives an applied negative or positive pressu . .
from the wind, the load is transferred through the structural 29.5 Vertical Comer— The structural sealant is adhered to

sealant to the metal framing system. A negative pressure caussg? edge of one glass lite or panel and to the face of another

a tensile stress and a positive pressure a compressive stres fi Fig. 7a). This configuration typically is used for a vertical

the structural sealant and, depending on its relative stiffness aynt at the corner of a SSG system where it not only transfers

compared to the structural sealant, the spacer. This method some portion of an 'apphed'logd but also functions as a
used most commonly for window and curtain wall SSGWeatherseal. Often, it is used in lieu of a corner metal framing

systems. system mullion. Load transfer occurs between the glass lites or

. panels (see Fig. 7b and c). With a positive applied lateral load
29.3.2 Secondary Load- The predominate secondary load, 0 both lites or panels, the structural sealant joint is in

g]e;cvzséﬁlgclli{[;nztran;ﬁ; :nzutﬁéorﬁgtler ?rr::ﬁilr:hes”gfggoxgrgi?iompression while simultaneously experiencing shear. With a
P gsy ) %egative applied lateral load to both lites or panels, the

or panel changes dimension relative to the fra’.“‘”g SyStem’t.h&ructural sealant joint is in tension while simultaneously
structural sealant joint, except where the lite or panel is

. . . experiencing shear. The sealant joint also can experience stress
supported by setting blocks, will experience a shear stress P 9 J P

the lite or panel chan in size from its installed condition m a negative applied load on one lite or panel and
€ lite or panel changes in sizé from IS installed co 0 simultaneously a positive applied load to the other. The bite

e suea oo s o0 tickness cimensions o te Sealant ant mut b uf
vertically oriented rectangular lite or panel cPent_Fo accommodate the stresses from these a_pplle_d load
) ' conditions. In general, the vertical structural sealant joint is not

29.4 Edge and Face of Lite or Panel relied upon to provide lateral load edge support for the glass

29.4.1 Primary Load— The joint configuration indicated in jite or panel. Typically, the glass lite or panel is analyzed and
Fig. 1c has a structural sealant adhered to both an edge and fagiged as if supported only by its other sides.

of a glass lite or panel. This configuration was used in some of . ]

the first SSG systems and is currently used with a monolithi@0. Structural Sealant Joint Design

glass lite, particularly at the spandrel area of a curtain wall 30.1 Analysis Methods

system. With this joint configuration, and a negative applied 30.1.1 General—There are several commonly accepted
wind load, the sealant is stressed in both shear and tension, anmdethods of analysis to determine the effect of an applied load
for a positive applied load, the structural sealant is stressed iwhen establishing the dimensions of a structural sealant joint.
compression. The negative applied load causes shear stress Tdre method chosen for evaluation, for example, trapezoidal,
that structural sealant portion at the edge of a lite or panel andgid plate, finite element, and combined loads, will be depen-
tension stress for that portion adhered to its face. This jointlent on a SSG system’s particular design and loading condi-
configuration raises the question of how much of the negativéions. The following briefly describes analysis methods, includ-
applied load is resisted in tension and how much is resisted img several calculation examples, and primary and secondary
shear by the structural sealant. At least one structural sealalttads that commonly are encountered in SSG system design.
manufacturer has conducted testing that indicates, for a nega-30.1.2 Trapezoidal— This is a method of primary load
tive applied load on a glass lite or panel, most of the load willtransfer that generally has been accepted by the glazing
be resisted in tension with very little in she@4). Typically, industry for many years and has emerged as an industry

29.3.1 Primary Load— At or near the edge of a glass lite 0
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standard. The method is an approximation of the complex platthe center point of the glass lite or panel short dimension, will
bending behavior of a thin, flexible lite or panel when be used to determine the dimensions required for the structural
experiencing lateral wind load. It is based on the assumptiosealant joint.

that a rectangular flexible glass lite or panel, when experienc- 30.1.3 Rigid Plate— This method assumes that a glass lite
ing a lateral load, will deflect in tributary areas as indicated byor panel essentially is rigid and does not deflect with an applied
Fig. 8a. This method has been used satisfactorily to determingrimary lateral load; therefore, the entire glass lite or panel
a structural sealant joint bite dimension for a rectangular lite obecomes the tributary area (Fig. 8b). The applied load is
panel since the beginning of SSG. When used with a 138 kPassumed to be transferred uniformly to the lite or panel
(20 psi) sealant design strength and a rectangular lite or pangierimeter, and thence, to the structural sealant. The dimensions
the method adequately determines a structural sealant joint bité the structural sealant joint are determined simply using the
dimension. This effect has been documented in full sizdotal load on the lite or panel, its perimeter length, and the
mock-up testing of glass lites where the inward or outwardallowable structural sealant design stress as illustrated in the
deflection of the glass, as judged by the reflective patterns ifollowing examples.

the glass, can be seen to approximate a trapezoidal configura-30.1.4 Finite Element— A more accurate analysis of pri-
tion. As can be determined from an examination of Fig. 8a, thenary and secondary load effects on structural sealant joint
applied load transferred to a structural sealant joint will varystresses can be determined by use of computer based numerical
due to the shape of the tributary area; however, the assumpti@nalysis techniques. A finite difference method has been used
is made that the largest value for the applied load, occurring &b analyze the geometrically nonlinear behavior of an applied
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(c) Regular Shape Quadrilateral Trapazoidal Load Distribution (d) Regular Shape Quadrilateral Rigid Plate Load Distribution
FIG. 8 Load Distribution Patterns for Quadrilateral Shapes
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load on an IG unit(35). A prediction of the stresses in the approach taken by some SSG system designers is that the sum
structural sealant joint can be determined from such amf the tension and shear stresses should not exceed the
analysis. The finite element method also has been used twstomary 139 kPa (20 psi), and therefore, a larger bite
analyze the geometrically nonlinear behavior of an appliedlimension is the result with less allowable tension stress
load on a monolithic glass lite, with very similar results for the permitted. The SSG system designer, therefore, will use 139
structural sealant joint streg86). These analysis methods kPa (20 psi) less the secondary load stress as the allowable
indicate that the maximum primary lateral load induced tensilelesign stress for primary load affects. This allowable design
stress in a structural sealant joint occurs near a quarter point sfress then is used with the standard structural equations to
the long edge of a glass lite or IG unit. Generally, thedetermine the structural sealant joint bite dimension. Alter-
magnitude of the maximum stress is similar to that predicted byately, for a combined loading condition, the shear stress can
a trapezoidal method, although in a different location along thée considered with the tensile str¢3g). The ultimate strength
edge of the lite. The finite element method is readily adaptabléteraction for combined tension and shear can be described by
to a nonrectangular glass lite or panel shape. With modificaan elliptical equatior(38). The effect of combined loads then
tion, this also should be possible using a finite differencecan be considered using Eq 1.

method. As better load-deformation models are developed, it f2 2

should be possible to accurately analyze a structural sealant AT 1 (1)

joint design when experiencing loading conditions up to failure vt

of the joint. The effect of a secondary loading condition(s) also 30-1.5-2Edge of Lite or Pane-When a structural sealant
can be analyzed in combination with a primary Ioadinglo'm is at the edge of a lite or panel, combined stresses usually
condition. are shear from a negative wind load and tension or compres-

. . . sion from a secondary load, such as differential thermal
ateral oadh Usuially wind nduce, slong with secondary loads™0VeMent: Thermal moverent resuls in compression or
due to amdng others. differential ’thermal movement and glastensmn stresses for the structural sea!ar)t10|nt. Additionally, the
lite or panel dead Ioaéis should be evaluated for their combine ructurallsealant modulus characteristics due to compression

' nd tension stresses are not the same. Typically, for this

ﬁgﬁ? d((-:-)rr']na tﬁgugfigl O?eszﬂiga djglrnt'lol:;[l dlss ;gnpﬁggpéiarlvgiﬁconfiguration, the compression stress will be greater than the
aering y ot nsion stress, particularly for a large lite or panel. For a glass

they can oceur independent of the.prlmary load, bu't most Ofter]ite, this joint configuration is restrictive since the bite dimen-
to various degrees, can occur simultaneously with it. If the

- . ; L sion is controlled and limited to the thickness of the lite;
effect of combined loads is not considered, as a minimum, th

. d d loads should b ‘dered ind therefore, the structural sealant joint thickness dimension
primary and secondary loads should be considered INdepedn, g pe sufficiently large, consistent with the allowable
dently with neither a primary load nor a secondary load

. _ . outward movement for the lite due to a negative primary load,
induced stre_ss exceeding the applicable allowable structur% minimize the stress introduced by differential thermal
sealant tensile or shear strength. movement. Increasing the structural sealant joint thickness
30.1.5.1Face of Lite or Pane-When a structural sealant dimension and using a structural sealant with a medium rather
joint is behind the face of a lite or panel, the combined stressegan high modulus of elasticity, separately or together, will tend
will be tension from a negative wind load (compression fromig lessen the effect of a secondary stress. This usually is the
a positive wind load) and shear from, for example, differentialcase when the secondary load stress is large due to a special
thermal movement. Glass lites, or panels, or both, that argesign requiring a small joint size or other considerations
structural sealant glazed to an aluminum framing system wiltending to limit the joint thickness. For this joint configuration
experience differential thermal movement relative to the framand combined loading condition, the following analysis can be
ing system due to varying environmental temperature angerformed. First, determine the thermal movement value for
moisture conditions. This movement creates a shear stress imbath expansion and contraction of the lite or panel. For a
structural sealant joint that typically is at its greatest value aparticular structural sealant and joint configuration, perform
the corners of a lite or panel. If the bite of the structural sealanfaboratory testing to determine the structural sealant stress-to-
joint is established using the primary load and the maximunstrain characteristics for both compression and extension.
allowable tension stress, typically 139 kPa or (20 psi), then th&Jsing the values determined for differential thermal movement
thickness dimension of the structural sealant joint should bén tension and compression and the laboratory determined
established to minimize the shear stress from differentiatress-to-strain data for structural sealant extension and com-
thermal movement or other secondary loads. In general, thgression, determine which set of conditions will result in the
larger the lite or panel, the greater the thickness dimensiotargest stress value and subtract this value from 139 kPa (20
required between lite or panel and framing system to keep thpsi) to obtain a new primary load allowable design stress. This
structural sealant shear stress within acceptable limits. Outralue then is used with the standard structural equations to
ward movement of a lite or panel, due to a negative primarydetermine the structural sealant joint bite dimension for a
load, also must be considered when determining the thicknegsimary load.
dimension to preclude movement off setting blocks. Some SSG 30.2 Primary Load
system designers, working with the sealant manufacturer 30.2.1 General—Determining the effect of an applied load
technical representative, will limit the secondary load stress ton a structural sealant joint for a SSG system, in the beginning
no more than an additional 21 to 35 kPa (3 to 5 psi). Anotheof this technology, usually involved considering only the effect
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of a lateral load caused by wind forces. Currently, this is still L,
the primary load that establishes the bite dimension of a 2 @
structural sealant joint; however, secondary loads caused by Fi

conditions, such as dead load, differential thermal movement, substituting:

seismic events, fatigue, and fabrication, may have to be 1219

considered for their effect on the bite, thickness, and configu- —(1.92

ration of a structural sealant joint. An applied lateral load on a B=—q3g —=848mm
lite or panel can be treated as one that causes the lite or panelanp

to deflect with load or one that does not deflect and is 4

essentially rigid. For a rectangular, as well as a nonrectangular, 5(40)

lite or panel, calculation methods are described for both B= 2019 ~ 0.33in.

flexible and rigid loading conditions. The following sections - .
briefly describe typical methods that are used to establish the 30.2.4 Rigid Plate Load Distrihution

effect of an applied lateral load on a structural sealant joint, a”ﬁj/efo'szt}#';r%eﬂg\r/aeﬁlgsi frr;enthogels; d?nseﬁefﬁ;g%nnelfz;g?; 6};
thereby, determine its bite dimension. M ' Y: g ' P

R of such a panel are a small size and relatively thick monolithic
30.2.2 Rectangular Shape Load DistributierCurrently,  gjass lite, a metal panel with a honeycomb core construction,

joint bite dimension requirements for a rectangular lite orapplied load is assumed to be distributed uniformly to the
panel. The trapezoidal method is for a lite or panel that deflectstructural sealant joint along its perimeter.
with lateral load and the rigid plate method for one that 30.2.4.2Calculation Method—For a rigid plate load distri-
essentially does not deflect. Neither the trapezoidal nor rigighution method (see Fig. 8b), the bite dimension required to
plate method determine the requirements for any secondasatisfy the loading condition is determined by means of a
loads that also may occur for a particular SSG application. simple geometric analysis. First, multiply the applied lateral
30.2.3 Trapezoidal Shape Load Distribution load by the area, which is the product of the short and long side
30.2.3.1 General—Full-scale mock-up testing by various dimensions, of a rectangular lite or paqel._Then divide that
sealant manufacturers and curtain wall contractors has cof€Sult by the product that results by multiplying the allowable
firmed the method’s validity. This method is used primarily sealant stress by the lite or panel perimeter. The bite dimension

with a lite or panel that is adhered structurally along i,[Sdetermined by the rigid plate load distribution method, for the

perimeter and has bending deflection when loaded. For thfeollowmg example, can be compared to the bite dimension that

trapezoidal method, the primary load (usually from wind) isWould be determined using the trapezoidal load distribution
ape e p y . y method. Doing so indicates that the trapezoidal method would
distributed to the perimeter on the basis of tributary areas a5,

indicated in Fig. 8a. The load is assumed to be distributed

evenly along the adhered lite or panel edge of the tributarynengjon is required when compared to the trapezoidal
area, and therefore, determines a structural sealant joint bitgathoq. While less conservative than the trapezoidal method,
ba;ed on an even cﬁstnbuuon of structural sealant stress at agye rigid plate method accurately predicts a structural sealant
point along the perimeter of a lite or panel. bite dimension for a rigid plate loading condition.

30.2.3.2 Calculation Methoe-A trapezoidal load distribu- 30.2.4.3 Calculation Example-A metal faced honeycomb
tion method uses the bisector of the lite or panel 90° corners toore panel for a curtain wall system will have its applied lateral
create the load distribution pattern. A simple trigonometricload supported by a structural sealant joint along its four sides.
analysis indicates that multiplying the applied lateral load byThe long sidel(,) of the panel is 1524 mm (5 ft), the short side
one-half the lite or panel short side dimension, and therl,) is 1219 mm (4 ft), and it is 51 mm (2 in.) thick. The
dividing that sum by the allowable sealant stress will determin@pplied lateral loadR,,) due to wind is 1.92 kPa (40 psf). The
the bite dimension to satisfy the loading condition. allowable tension stres$ for the structural sealant, for this

30.2.3.3Calculation Example-A vision lite of a curtain  €xample, will be 138 kPa (20 psi). Determine the structural
wall system will have its applied lateral load supported by asealantjomt. b|t_e d|.men5|orB.][ for a lite or panel with a rigid
structural sealant joint along its four sides. The long sidg (Pate load distribution by using Eq 3.

of the lite is 2438 mm (8 ft) and the short sidg)) is 1219 mm B— Ly(Lp)(P ) 3)
(4 ft) and it is 6 mm ¥4 in.) thick. The applied lateral loadP() 2F(Ly + Ly

due to wind is 1.92 kPa (40 psf). The allowable tension stress substituting:

(F ,) for the structural sealant, for this example, will be 138 kPa 12191524(1.92

(20 psi). For this and other examples that follow, conversion B= 2(138(1219+ 1524 4.71 mm

factors, for example, to convert feet to inches, are used in the

inch-pound unit calculations that accompany the Sl unit AND

calculation examples. Determine the structural sealant joint ___4OG040 g

bite dimension B) for a lite or panel with a trapezoidal load 2(20)(4 +5)(12)

distribution by using Eq 2. 30.2.5 Nonrectangular Shape Load Distribution
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30.2.5.1Genera—A nonrectangular shape lite or panel the lite or panel, and then dividing that result by the product
commonly is used for curtain wall, sloped glazing, and entrydetermined by multiplying the allowable sealant stress by the
SSG systems. A regular quadrilateral (Fig. 8c and d), circulalite or panel perimeter will determine the bite dimension to
(Fig. 9d), or triangular (Fig. 9a, b, or c), shape lite or panelsatisfy the loading condition.
commonly is encountered. Methods to determine the bite of a 30.2.6.3 Calculation Example-An entry for a curtain wall
structural sealant joint for these three shapes are presentesiistem will have circular lites as a design feature. The radius
These methods, as well as other pertinent information, ar¢r) of a lite is 610 mm (2 ft). The applied lateral loa@,) due
described in more detail in R€89). Other shapes, such as, a to wind is 1.92 kPa (40 psf) and the allowable tension stress (
parallelogram, trapezoid, and trapezium also can be encoui) for the structural sealant, for this example, will be 138 kPa
tered in SSG systems. The structural sealant bite for theg@0 psi). Determine the structural sealant joint bite dimension
shapes also can be determined using the elementary principl¢B) for a circular lite or panel using Eq 4.
of geometry and algebra as illustrated by the examples in this

guide and Ref{39). B= O'ST:VIV(R) 4
30.2.6 Circular Load Distribution o
30.2.6.1 Genera—The symmetry of a circular lite or panel ~ Substituting:

(see Fig. 9d) causes the applied load experienced by a 0.51.92(610)

structural sealant joint as its perimeter to be constant. The B= 138 =4.24mm

structural sealant joint bite dimension can be determined using Anp

Eq 4. Due to symmetry, Eq 4 would apply to a rigid, as well as,

nonrigid lite or panel. _ 05402 0.17in.
30.2.6.2 Calculation Method-A simple geometric analysis 2012)

indicates that multiplying the applied lateral load by the area of 30.2.7 Triangular Load Distribution

L

(c) Flexible Equilateral Triangle Shape Load Distribution (d) Circular Shape Load Distribution
FIG. 9 Load Distribution Patterns for Nonrectangular Shapes
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30.2.7.1 General—Any triangular-shaped lite or panel (see E(P |
Fig. 9a, b or c) can occur in SSG systems on buildings that are B— 2-w ©)
of an irregular configuration. Both a flexible and rigid lite or F
panel can be encountered. The following calculation example 30.2.8.2 Calculation Method-For a rigid lite or panel, very
is for a flexible lite or panel. A rigid condition also can be stiff with little if any bending deflection, the area of the lite or
evaluated with the appropriate equation. panel is multiplied by the applied lateral loaR,} and that

30.2.7.2 Calculation Method-The following method is for "€sult is then divided by the product of the lite or panel
a lite or panel that is flexible under an applied lateral load. ByP€"imeter multiplied by the allowable tensile stresg ©f the

o : o : “structural sealant.
examination of Fig. 8¢, it is apparent that several tngonometncS . .
equations are necessary to determine Eq 5. The derivation %iﬁoﬁi\/se.sriaﬁg?tlzg dfﬁstgg%ﬁlfyeraméﬁg:ssggpea:?bobfyme
Eq 5 is described in detail in R€39). For a rigid triangular lite 9 q Pe b b

) ; . curtain wall system. The long side () of a panel is 1.83 m (6
or panel, an applied lateral load is multiplied by the area of th%, the shortyside L) is 1.922 m g()4 ft),ﬁhe perpendicugar

lite or panel, and then that result is divided by the produci‘distance between parallel sidess 1.07 m (3.5 ft). The applied
determined by multiplying the allowable sealant stress by the;iaral 10ad P,) due to wind is 1.92 kPa (40 psf). The
lite or panel perimeter to determine the bite dimension t0yjowable tension stres&g for the structural sealant, for this
satisfy the loading condition. example, will be 138 kPa (20 psi). Determine the structural

30.2.7.3 Calculation Example-A curtain wall system has a sealant joint bite dimensionB} for a regular quadrilateral
design feature that includes a rose shape window composed sfiape lite or panel with a rigid plate load distribution by using
equilateral triangle-shaped segments that are glazed structuge 7.

ally to the framing system. The side of a trianglg {s 1.52 m C
(5 ft) and for an equilateral triangle both included angkes ( 5(Ly T Lo)(Py)
b,) are 60°. The applied lateral loa@,) due to wind is 1.92 B= L —L,\2 )
kPa (40 psf) and the allowable tension streBg for the Ft( L+ L, +2 \/<—2> +C2>
structural sealant, for this example, will be 138 kPa (20 psi). substituting:
Determine the structural sealant joint bite dimensiB for
any triangular lite or panel using Eq 5. 1‘707(1,83+ 1.22)(1.92)(1.000
L(P.) B 183- 1.22\ o o Aemm
3 F 138(1.83+ 1.22+ 2\/<T> +(1.07 )
B= 1 1 5)
1 + 1 AND
( tansd,; > < tansd, > 35
o — (6 + 4)(40)
substituting: B= = =0.17in.
1.521.92 20(12)<6 +4+ 2\/(674) + (3.5)2>
B= 1 138 1 =6.11mm 30.2.9 Irregular Shape Quadrilateral Load Distributies
1 + 1 These shapes have either no parallel sides or have two parallel
<tan§ (60)> <ta“§ (60>) sides that are far apart relative to the distance between the two
nonparallel sides (see Fig. 10). Refer to R&9) for informa-
AND tion on determining load transfer to the structural sealant joint.
5(40) 30.2.10Lite or Panel Lateral MovemertMovement of a
B 20(12) “o2ain lite or panel at its design negative lateral load, caused by an
1 N 1 ' : extension of the structural sealant, could result in the lite or
<tan}(60)> <tan} (60)) panel moving off its setting blocks, and for an IG unit, failure
2 2 of its edge seal. The expected lateral movement of a lite or

30.2.8 Regular Shape Quadrilateral Load Distribution

30.2.8.1 General—A regular quadrilateral lite or panel has
two parallel sides that are closer together then the two
nonparallel sides, and both sets of included angles are equal. If
the lite or panel is thin and flexible (Fig. 8c), then Eq 2 for a
rectangular lite or panel can be used to determine the structural
sealant joint bite dimension, where the short sgar(the
distance between the parallel sides in Fig. 8c) is substituted for
the short sidel(, in Eq 1) dimension, resulting in Eq 6. If the
lite or panel is rigid, very stiff with little if any bending
deflection (Fig. 8d), then the following method can be used to
determine the structural sealant joint bite dimension. FIG. 10 Examples of Irregular Shaped Quadrilaterals
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panel caused by the extension of the structural sealant whenatstructural sealant joint must be acknowledged as proper and
experiences the lateral load should not exceed one-half of thecceptable by the structural sealant manufacturer.
thickness of the glass lite or panel (one-half of the thickness of 30.3.2.1 Insulating Glass— The most common practice is to
the outboard lite or an IG unit). Typically, setting blocks arehhave the dead load of both lites of an IG unit supported by
recessed no more than one-half the thickness of a 6#mim()  setting blocks; however, IG units have been designed to have
thick glass lite. This dimension also can apply to a paneltheir dead load entirely supported by the structural sealant
Doing so provides about a 3-mrigtin.) weatherseal sealant joint. Usually, due to the weight of an IG unit, relatively small
coverage over the setting block face. For any lateral loadingize units are applicable. The larger the IG unit the larger the
condition that causes negative (outward) movement of a lite arequired structural sealant joint to not exdes 7 kPa (1 psi)
panel, the structural sealant joint not only has to be designed tead load stress limit. For this application, the IG unit
resist that load but also not to exceed at least the describestcondary seal also must be designed to support the dead load
setting block criteria so the lite or panel will not move off the of the outer lite of the IG unit while also maintaining its
setting blocks at that load. Consulting a tension modulus graplstructural and hermetic seal properties. If dead load support is
the stress-strain relationship in tension, for the structurabeing considered, however, the IG unit manufacturer must be
sealant will permit determination of the lateral movement of aincluded in the structural and detail analysis and must agree to
lite or panel. By referring to the graph at the expected tensiléise of IG units in this manner. In general, for a specific SSG
design stress, which is usually 138 kPa (20 psi), the expecte@pplication, dead load support of an IG unit by the structural
sealant movement, and therefore, the lite or panel movement gealant joint should be carefully considered.
that stress can be determined. Both lateral load and lateral 30.3.2.2 Calculation Method-To determine the minimum
movement criteria must be satisfied adequately by the strudite required of the sealant joint while not exceegén7 kPa (1
tural sealant joint design. psi) stress limit for the structural sealant, the dead load of the

30.3 Secondary Loads glass lite or panel is determined and then divided by the
perimeter length of the lite or panel to determine a dead load
di . : . value per lineal unit of perimeter. This value then is divided by
ifferential thermal movement relative to a framing system, .
seismic movement, fatigue, fabrication induced loads, an € qllowaplt_a sealapt stress for de_ad load to determine the
differential building movement, among others, usually arereqmred minimum bite. This calculation method for dead load

' ' port assumes that the dead load of the glass acts normal to

) . su
considered as secondary loads that also should be consider, (fmetal framing system members. Also, it does not consider
for their effects on the dimensions and character of a structur e interaction of the primary and other secondary loads

sealant joint and for any impact to its framing SYStem.,, may associated with a SSG system structural sealant joint
Secondary loads can become significant and should be considn the effect of structural sealant joint thickness. For dead
ered in conjunction with the primary lateral load and the|q,q sypport, the thinner the thickness of the structural sealant
modulus characteristics of the structural sealant. A primaryoint the less potential creep of the structural sealant under
load has a direct effect on determining the bite dimension whilgjeaq |0ad depending on the modulus characteristics of the
secondary loads frequently will have an effect on determiningeajant. Other effects on the structural sealant joint, such as
both the bite and thickness dimension of a structural sealanfifferential thermal movement, however, may require a greater
joint. The following describes and presents calculation exthickness than that required for dead load support.

amples for commonly encountered secondary loading condi- 3 3 2 3 calculation Example-A vision lite of a curtain

tions. wall system will have its dead load supported by the structural

30.3.2 Dead Load—For a properly designed SSG system, asealant joint without the benefit of setting blocks. The long side
glass lite or panel can be structural sealant glazed without th@.,) of the lite is 1524 mm (5 ft), the short sidi,j is 1219 mm
use of setting blocks for dead load support of the glass or pane4 ft) wide, and it is 6 mm¥a in.) thick. The allowable dead
Doing so requires the structural sealant joint to provideload stressK,) for the structural sealant, for this example, will
adequate long-term dead load support. A dead load is constabé 3.45 kPa (0.5 psi) and the unit weight)(of the glass is
and introduces a fatigue factor. Additionally, where lites or15.87 kg/nf (3.25 Ib/ff). Determine the structural sealant joint
panels are stacked one above the other, dead load transferhibe dimensionB) required for the dead load support of a glass
lites or panels below must be prevented from occurringite or panel using Eq 8.

30.3.1 General—The dead load of a lite or panel, its

otherwise unacceptable structural sealant joint loading condi- Ly(L,)(W)

tions may result for a pa_rtlcular I|_te or p_anel. Ge_nerally, B= L0, L) (8)
monolithic glass, and occasionally, with special analysis, an IG .

unit can be used in this manner. At least one sealant manufac- Substituting:

turer has conducted testing to determine the long-term effects __15241219(1587) 15.58 mm

of a constant dead load and the fatigue factor on a structural 2(3.45(1524+ 1219(100) '

sealant joint. The results of the testing indicatet thd@ kPa (1 AND

psi) dead load stress limit for the structural sealant joint is

conservativé40, 46) This limit generally has been established 54)@E25 0.60in.

as the upper limit with some manufacturers limiting the stress 2096 + 412

to 3.5 kPa ¥z psi). Dead load support of a glass lite or panel by 30.3.3 Differential Thermal Movement
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30.3.3.1 General—The wind load for which a SSG system tensile or compressive force in the sealant, depending on
will be designed, usually is for a once in a 50- or 100-yearwhether the joint is extended or compressed. For a weatherseal
occurrence. This wind load, when transferred to a structurgbint, the thermal movement of the joint is established, and
sealant joint, is considered a short duration event, typicalidepending on the movement ability of the sealant among
measured in seconds for a gust. A structural sealant joint alsathers, the width of the weatherseal joint then is determined by
will experience a load from thermal movement, which occurscalculation (31). If a structural sealant joint is expected to
at least daily, and will reach a peak value several times a yeagxperience differential thermal movement, however, the joint
This load or force caused by thermal movement can last foshould be evaluated to determine that the stress in the structural
hours. Also, if a SSG joint is glazed at a low temperature, forsealant produced by the movement will be at an acceptable
example 4°C (40°F), and then during the warm summetevel. The following will describe briefly the effect of differ-
months, is in a state of prolonged extension it will experienceential thermal movement for two of the most common struc-
an extended period of thermal load. A glass lite or panel as thtural sealant joint configurations.
ambient temperature changes and depending on at least its30.3.3.2Edge of Lite or Panel Structural Sealant Jeint
solar absorptivity and the amount of solar radiation it receivesyWhen a structural sealant joint is at the edge of a lite or panel
will change dimension a predictable and calculable amounfsee Fig. 1a) the amount of sealant stress induced by differen-
(see Fig. 11a). For a weatherseal joint between the edges tél thermal movement that extends the joint is determined
lites or panels, thermal movement of the lite or panel creates fiom a tension modulus graph (the stress-strain relationship in

|

T

7

(c) Right Triangle Relationship for Calculation of % Movement

5 ,

\
N

7

(a) Elevation of a Lite or Panel on Setting Blocks (b) Detail at Top of Lite or Panel
LEGEND
(1) Setting Block (5) Spacer
(2) Glass Lite or Panel (6) Bite (B)
(3) Differential Thermal Movement (AL) (7) Thickness (T)

(4) Metal Framing System
FIG. 11 Differential Thermal Movement Between a Lite or Panel and a Metal Framing System
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tension) for a structural sealant. By referring to the graph at the 30.3.3.5Vertical Corner Structural Sealant JoirtThis
expected movement value the stress at that value can Beint configuration (see Fig. 7a) also will experience differen-
determined; however, when the sealant stress induced Bial thermal movement between the lites or panels (see Fig. 12).
differential thermal movement is in compression, the lesdf the joint tends to open due to lite or panel contraction the
commonly available compression modulus graph, the stresgiructural sealant c_ould experignce both tension_ and. shear
strain relationship in compression, must be used to determin@ovement, depending on the size of the respective lites or
the stress that will be generated for the joint. The expecte&anels- If the joint tends to close due to _Ilte or panel expansion,
differential thermal movement should be evaluated in conjuncthen the structural sealant could experience both compression

tion with the particular stress-strain curve to determine that th nd shear movement, depending on the size of the respective

stress in the structural sealant is no greater than 138 kPa ( s or panels. The effect of an app.hed_ I_ateral load and thermal
movement should be evaluated individually and also as a

IpS')' Itthls 9303% pliictlczéo I|m|t th(;,-].srr:egr frt]ress o S(l)lmethm(%ombined loading condition, in conjunction with the structural
ess than a (20 psi), which is the normally use ealant modulus, to determine which of the loading conditions

structural sealant tensile design strength. will establish the required joint size.

30.3.3.3Face of Lite or Panel Structural Sealant Joint 30.3.3.6 Calculation Method=The shear movement of a
When a structural sealant joint is at the face of a lite or panestructural sealant joint, that is adhered to the face of a lite or
(see Fig. 1b/Fig. 7a), the sealant stress induced by differentiglanel (see Fig. 11), is determined as follows. The differential
thermal movement is in a shear ma@éd.). A structural sealant thermal movement of the lite or panel is determined and that
between the face of a lite or panel and the metal framing/alue becomes one leg of a right triangle. The thickness of the
system will experience shear as the lite or panel is heated @tructural sealant joint is the other leg. Using a Pythagorean
cooled, and it moves differentially to a metal framing systemequation, the length of the hypotenuse of the triangle is
(see Fig. 11a). The shear stress for this structural sealant joifetermined, which is the stretched length of the structural
is determined from the calculated differential movement insealant. From this vaIue, the joint thickness is subtracted and
shear. If the distance between a lite or panel and the face of e resultant then is divided by the joint thickness and
metal framing system is one leg of a right triangle, and thenultiplied by 100 to determine the percent of shear movement.
differential shear movement is the other leg of a right triangle, 30.3.3.7 Calculation Example-A reflectively coated 6-mm
then the hypotenuse of that triangle is the stretched length d#/4-in.) thick glass lite of a curtain wall system on a building in
the structural sealant due to differential thermal movement (seB&{roit, MI rests on setting blocks. The vertical thermal

Fia. 11b and c). The percent change in the sealant -Oinlfnovement(x L) of the lite is expressed at the top of the lite.
g ) b g J The lite is 2.44 m (8 ft) longL(), has a coefficient of linear

thickness, the stretched length less the joint thickness ex: .
pressed as a percent, then can be used with a shear modumg.r mfl moverrje'nto() of 0.0000088 mm/mm/ .C (0'0000049
In./in./°F), and it is adhered to the metal framing system with

graph, the stress-strain relationship in shear, to determine the i .
expected shear stress in the structural sealant. If a sheal structural sealant joint that has a thickné§sof 6.35 mm

. . . ﬁ\r.). The ambient summer temperatuig)(is 33°C (92°F), and
modulus graph is not available, a stress-strain curve from fhe ambient winter temperaturg,) is —16°C (3°F). The solar

tension modulus graph may be appropriate to approximate the, s, privity coefficient &) for the reflective glass is 0.83, and
stress in sheaf41). The expected differential thermal move- jis heat capacity constantH) is 56 (100), a measure of the
ment should be evaluated in conjunction with the stress-straie's ability to absorb solar energy. An explanation for the use
curve for the structural sealant to determine that the stress igf these values and the calculations that follow can be found in
the structural sealant is no greater than 138 kPa (20 psi). It iReferencg31). Determine the shear movement percent (%) for
good practice to limit the shear stress to something less thafe structural joint using Eq 9, Eq 10, and Eq 11 as follows.

138 kPa (20 psi), which is the normally used structural sealant 30.3.3.8 The expected summer surface temperafigeof
tensile design strength. If the shear stress value is large, it cafe lite is determined using Eq 9.

be lowered by increasing the thickness of the structural sealant T.= T, + HA) )
joint, or by using a lower modulus structural sealant; however, o

this change should be considered with at least the latera] SUbStituting: ~ s
movement induced by a negative wind load. Ty =33 +56(0.83) = 80°C T, =92 +100(0.83) = 175°F

. 30.3.3.9 The glass lite is cut to size in a shop setting that is
30.3.3.4 Edge and. Face qf Lite or Panel $tructural Sealant o temperature of 21°C (70°F). The expected thermal move-
Joint—Due to the joint configuration (see Fig. 1c), part of the

- . ) ment AT, of the lite when it warms from that temperature to
strl_Jctura_I sealant joint will experience the movemen_ts de_-rS would be 59°C (105°F) and when it cools from that
scribed in 30.3.3.2 and part the movements described ifgmperature td@,, the thermal movement(T ) would be 37°C
30.3.3.3. The effect of these movements, individually and ing7°F). The differential thermal movement between the glass
conjunction with an applied lateral load, should be evaluated tite and the metal framing system is not considered for this
determine the required size of the structural sealant jointexample. If it were, the thermal movement of the metal framing
Particular attention should be directed towards precluding g@ystem would lessen thaT, and AT,, values previously
tear and its propagation from occurring due to the movementgetermined. The larger valudT, would represent the worst
the joint will experience, particularly at the interior facing condition and that value would be used with Egq 10 to
corner of a lite or panel. determine the thermal movemeAt as follows.
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(a) Contraction of Glass Lites or Panels Due to Decreasing Temperature (b) Expansion of Glass Lites or Panels Due to Increasing Temperature
LEGEND
(1) Weather Seal (5) Movement Caused by Increasing Temperature
(2) Structural Sealant (6) Sealant in Extension
(3) Glass Lite or Panel (7) Sealant in Compression

(4) Movement Caused by Decreasing Temperature

FIG. 12 Effects of Thermal Movement at a Typical Structural Sealant Joint at a Vertical Corner

AL = L(AT)(a) (10)  aparticular SSG application. In general, there are two methods:

substituting: accommodate the expected movement in the structural sealant
AL = 2.44(1000)(59)(0.0000088) = 1.27 mm joint between a lite or panel and its framing system or use a

AL = 8(12)(105)(0.0000049) = 0.05 in. flexible anchorage system between a subframe, which has a

30.3.3.10 Aright triangle witlAL forming one leg and the  lite(s) or panel(s) attached to it, and a metal framing system or
other is formed. The hypotenuse is the stretched length of thihe building frame to which the subframe is attached.
structural sealant. To determine the percent of shear movement3g 3.4.2 Small to Moderate Seismic Movemesor this

(%), Eq 11 is used as follows. condition, accommodating movement in the structural sealant

\/W—T joint can be considered. Testing has been performed that
% = <+> 100 (1) indicates that a structural sealant joint can tolerate a seismic
substituting: drift ratio of apout 1/140 for a medium-modulus and about
1/175 for a high-modulus structural sealant. For a moment-
9% — ( (1277 + (6.35° — 6-35> 100= 2 resisting building frame with a 1/50 seismic drift ratio, a small
6.35 or moderate seismic movement could be expected to be
AND accommodated, however a significant seismic event would not
(0,057 + (0257 — 0.25 (3). In t_his instance_, the structu_ral sea_lan? joint not only would
% = ( 075 ) 100= 2 be designed to resist the required seismic movement, but also

. . would have to resist, but not necessarily simultaneously, the
30.3.3.11 The determined percent shear movement is the y Y

used to consult the shear modulus araph as previous! de(}:)plied lateral load, and any other secondary movements or
scribed grap P Y oads required by a particular SSG system’s performance

30.3.4 Seismic Movement criteria.

30.3.4.1 Generat—A structural engineer should be retained 30.3.4.3 Significant Seismic MovemerA subframe with
who is experienced in seismic design for curtain walls,flexible mechanical attachment has been found by testing to be
windows, and other SSG systems. Based on a structurd strong factor in successfully resisting movement caused by a
analysis of the building code, or system performance requiresignificant seismic even{3). A shop-glazed subframe is
ments for seismic event movement, or both, a judgement caattached mechanically to a metal framing system or the
be made to determine the method of accommodation to use fdauilding frame using a flexible anchorage system that permits
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simultaneous vertical and horizontal seismic movement bestructural sealant adhesive and cohesive properties satisfy the
tween the subframe and its support. For the testing indicated i845 kPa (50 psi) minimum requirement of Specification
the reference, differential movement for 25 cycles of motion aC 1184. Relative to the structural sealant material, the joint
approximately 60 mm (2.4 in.) was resisted without anydesign should follow well-established design principles, which
distress to the SSG system. Failure of the structural sealant foninimize water contact. Adhesion fatigue is especially rapid
this testing occurred when the differential movement reachewhen a structural sealant is exposed to wet or immersion
107 mm (4.2 in.). conditions. In general, fatigue resistance is important. For most
30.3.5 Fatigue—Fatigue of a structural sealant is the phe-2aPplications itis not a concern however the design professional
nomenon of deterioration by repeated or prolonged exposurghould be aware if there is an atypical application to consider.
(48). Varying wind pressures on the face of a building generatéf the structural sealant joint design or its stressing conditions

repeated tensile stresses, which can result in a fatiguing effe@f€ Significantly different from a normal application, than
fonsideration should be given to having the sealant manufac-

on the structural sealant. Daily temperature changes, whic ) i X
create repeated strains, can also cause fatigue. Unsuppor e pefform a fatigue-resistance-study for the particular
%pllcanon and selected structural sealant. One sealant manu-

glazing materials can cause a constant dead load, which ¢ ' h ducted a testi to determine th
cause fatigue. Lastly, with some materials a repeated exposu cturer has conducted a testing program 1o determine he

to weather and weathering effects can cause a steady decreSECtS of these repeatedly applied small loads. Th? testing
indicated, at least for one structural sealant, that it could

in properties, which is a form of fatigue. Structural sealants ccommodate one million fatique cveles at a loading of 0.32
from the same manufacturer or different manufacturers are nc? 9 y 9 :

. T X . . ' : imes the maximum design loa@0). Prudent design and
all identical in their fatigue resistance. A design professiona X . L X ) .
sfafety considerations would indicate that if a cyclical fatigue

should have information on the fatigue resistance properties ad is anticipated that its load should be kept to a significantly

a selected structural sealant for a particular application. Folr(_Fsser value, typically about 0.05 times the design load

example, a structural sealant might have a tensile strength o 30.3.6 Others—The following, depending on the SSG sys-

689 kPa (100 psi) as determln_ed by Test Method C 11.35' I{em type and configuration, are acknowledged to occur and are
however the structural sealant is to be stressed 1000 times aﬁ‘ﬁcult if not impossible to calculate their effects on a

517 kPa (75 psi) it will most likely falil. If stressed 5000 times -

A i ! structural sealant joint.
at 345 kPa (50 .pS')' I mlgh.t fail. If §tressed 100,000 times at™ 5, 3 5 4 Fabricajtion Induced-Occasionally, loads are in-
276 kPa (40 psi) it m!ght fail. What is the true strength O.f the uced in a structural sealant joint when the components of the
structural s_ealant? IS it689 kP"?‘ (100 psi), 517 !(Pa (75_ psi), 34 stem are assembled into a finished product. A glass lite may
kPa (50 p_S|) or 276 kPa (40 pS|)? The answer is not simple an ave a bow, warp, wave or kink induced by a heat-
depends'm part on how many tlmgs it will be ;tressed at th% rengthening process, particularly for a large glass lite. A panel
value being considered. To determine the required strength

h | lant f i - licati h ay have a bow or warp induced during its manufacturing
the structural sealant for a fatigue sensitive application one has,-ass. |n a shop-glazing situation, where a unitized frame is

to know the characteris_tics of the particular appli_cation, th ssembled horizontally, weight typically is applied to a glass
type of stresses and strains the structural sealant will encountgfe o hanel to hold it in position while the structural sealant is
and how often they will occur. For example, if a structuraljngiaiied and until it cures sufficiently to permit removal of the

sealant has an average of 15% joint movement in a given dayeight and crating and shipping of the unit. After sealant cure,
(producing a 172 kPa (25 psi) force) then for 365 days eaclyq “removal of the weight allows the glass lite or panel to

year for an expected service life of 30 years just over 10,00Qempt to return to its shape prior to assembly on the frame.
movement cycles can be expected. The selected structurghis can induce a load into the structural sealant joint that is
sealant should be capable of 172 kPa (25 psi) for something igifficult to predict or calculate. Presently, unless circumstances

excess of 10,000 cyple_s without failing. Fatigue resistance of & dicate otherwise, this effect usually is accommodated by the
structural sealant is important and relatively complex todesign factor for the structural sealant.

analyze. To date, most design professionals use Test Method3g 3. 6.2 Differential Building MovementAs time

C 1135 to establish structural sealant strength. The structurglogresses after construction of a building differential move-
sealant is then used with a design factor of at least 2.5 tthent can occur between a building’s structural frame and a
determine the design tensile or shear stress that will be usegltain wall, window or other SSG system. This movement and
Additionally, if there is a dead load fatigue stress on thejis effects usually are only a concern if provisions for this

structural sealant, then the dead load never results in a stregfyement are not designed and provided adequately for a SSG
that exceeds 7 kPa (1 psi) for the structural sealant. Traditionsystem.

ally this approach has worked. Fatigue is more complex than

what is expressed above. Fatigue is also a factor in adhesion 8- Weatherseal Joint Design

well as the material of the structural sealant. The difficulty in  31.1 Proper design of nonstructural weather sealant joints in
determining adhesion fatigue is in attempting to duplicate ira SSG system is important to the successful performance and
the laboratory the conditions that represent the particuladurability of the system. An analysis and calculation to
application. Unless the particular application is duplicateddetermine the required joint width dimension should be per-
comparable fatigue properties may be difficult to establishformed based on sealant characteristics and applicable perfor-
Presently, design professionals study the joint, made as closetyance factors. Information and calculation examples to assist
to the particular application as possible, and require thain the design of these joints for thermal movement and other
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performance factors, such as, construction tolerances araf the wind environment to be used for the testing. Various
building movements can be found in Guide C 1472 and Refvind directions, in 10° increments to complete a 360° clock-
(32). wise circle from true north, are sampled then to determine wind
31.2 Weather sealant joint design also must consider thpressure. After data processing and analysis a test report is
adhesion and compatibility of the weather sealant with thassued that will indicate the expected wind loads a building
structural and other sealants used in a SSG system. Adadding system is expected to resist, typically for either a 50
indicated in Section 25, adhesion, and in some cases lack aof 100 year return period.
adhesion, and compatibility of the structural and weather 33.1.2 Pedestrian Level Wind PatterrsA BLWT is used to
sealants that contact each other must be confirmed, so that thstablish the characteristics of the wind flow pattern at pedes-

weather seal joint design will be durable and functional. trian level areas of a building complex, to determine the level
of comfort that can be expected for activities, such as sitting,
TESTING CONSIDERATIONS standing, and walking. The testing results may indicate that the

32 General building configuration, and thus a SSG system, may have to be
) altered to make the local wind environment more acceptable
32.1 The development of a SSG system inevitably requirefor a particular activity.

that testing be performed at various stages in a system’s 33.1.3 Snow Load (Accumulation}lf a cladding system

implementation. Typically, these tests involve the establishhas sloped or horizontal surfaces, a scale model of the building

ment of performance criteria for a SSG system, as well asshould be tested in a device, such as a water flume, to establish
verification of various material and Component adhesion an@he pa‘[tern and character of any snow accumulation and
compatibility characteristics relative to the structural and othegyrifting that may occur on those surfaces. A water flume
sealants by use of various performance standards. During SSgnulates snow fall and accumulation using very fine sand

SyStem fabrication and installation further teSting is performedjropped into a moving stream of water. The sand will accu-

to monitor the quality and consistency of the work. Lastly, aftermylate on building surfaces as the water flows around and over

completion of the work, a periodic monitoring program for athe scale model in a manner very similar to an actual snow

SSG system typically will have testing requirements as part otorm. Snow dead load and drifting can be substantial on

the program(1). The following sections will briefly describe sjoped or horizontal surfaces, as well as the potential for

testing typically performed to establish or verify systemsiiding snow and ice, all of which can have a significant impact
performance criteria, the properties and characteristics odn a SSG system’s design. Additionally, this testing also will
various system components, testing that typically occurs dufidentify areas where snow may be ingested into louvers.

ing fabrication and installation, and post-installation testing as 33.1.4 Structural Frame ResponseA BLWT is used to

part of a monitoring program. establish the wind induced dynamic responses of an aeroelastic

. . scale model of a building. This testing assists in establishing

33. Performance Criteria Testing characteristics that will be required for the building’s main
33.1 Scale Model Testing-To establish adequately some framing system, by indicating the magnitude of sway and

performance criteria that are necessary for the design of a SS(grsional motion of a building’s main framing system. The

system, scale model testing should be performed before thesting will indicate both in-plane and out-of-plane building
design of the building has been finalized. Scale model testingacking motion and peak building deflections. This information
can identify, among others, wind and snow loads to be resisteid important for a SSG system since it will assist in the design
by a SSG system; areas on the building where unusual wingf the system’s joints that will need to accommodate these
patterns generate unexpected conditions; the dynamic respong&ious movements.

of a building’s framing system to wind loads; and, character- 33.1.5 Other Testing Programs-Scale model testing to

istics of the wind flow at pedestrian areas, such as entrancegetermine exhaust stack gas emission flow characteristics and

plazas, and balconies. The results of the testing may influencsgther similar air flow patterns for areas, such as intake and
the building configuration and also a SSG system. Performancgchaust louvers, may need to be performed. The results from
factors that commonly are included in a scale model testinghis testing can influence the design of a building and a SSG
program are described in the following sections. system, in particular, for the location of elements, such as

33.1.1 Cladding Wind Load TestsA boundary layer wind |ouvers. The testing provides information so louvers and other

tunnel (BLWT) is used to establish the wind flow characteris-elements can be designed and located to preclude an air quality
tics around an instrumented rigid scale model of the buildingoroblem for the building occupants.

and its surrounding structuré®, 42) Testing in a BLWT will .

identify the magnitude and location of negative wind pressure$4- Component Testing

that usually are not adequately described by a building code or 34.1 General—Laboratory testing of SSG components is
ANSI/ASCE 7, especially for nonrectangular shaped buildingsnecessary to determine if components meet specified require-
buildings with aerodynamic characteristics, sloped walls, angnents, are compatible when in contact or close proximity with
building roof and corner areas. Meteorological data is obtainedach other, and if sealants will or will not adhere to particular
from a local weather station to establish the characteristics afomponent surfaces. In general, these tests are performed more
the wind environment where the building will be located. Thisthan once. Initially, they are performed to screen and verify
data along with a wind speed profile and ground surfacearticular materials or components for potential use in a SSG
roughness, among others, is used to establish the characteristagsplication, usually with small scale laboratory testing of
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samples. This is important so that materials or components dBeriodic verification testing conducted during fabrication or
not become part of a SSG system, and therefore, difficult oinstallation of the system should follow this. During fabrication
costly to change, after substantial system development. Lateadditional testing is required. For example, during shop fabri-
during fabrication and installation, the materials and compo<ation structural sealants must be tested and documented to
nents are tested periodically to confirm that they still meethave adequate adhesion before curtainwall or window panel-
specified performance criteria and that no detrimental changézed units are shipped. Daily adhesion testing monitors sealant
have occurred to them during manufacture. This fabricatiorcure rate and adhesion development in the actual shop condi-
and installation periodic testing is performed because, occdions. This is typically performed according to the sealant
sionally, a small scale sample tested in the laboratory fomanufacturer's recommendations and then documented. The
prequalification may differ detrimentally from a production documents must be available for review by an owner’s
manufactured material or component. The following sectiongepresentative and the building code authority. These docu-
briefly describe typical testing that is performed. ments are also typically required to fulfill the project specifi-
34.2 Specification- Testing should be performed to verify €ation and manufacturer's warranty requirement. Another com-
that a proposed material or component meets a referencdBonly used technique to confirm adhesion and joint filling is
specification. For example, a rubber material or componerff?® Physical removal of structural sealant glazed panels.
stated to meet Specification C 864 should be proven as sucR©9/azing involves completely detaching the glazing or panel
This testing can be performed by the component manufacturefom the frame. The following inspection should document 1)
who is usually required to certify to that testing, or by andimension of structural sealant bite to both adhesion surfaces,
independent test laboratory. Specification verification testing) dimension of structural sealant thickness, 3) quality of the

usually is performed during the submittal stage of a System,§1dhesion of the structural sealant to the glass or panel and the

development. frame, 4) if a two-component structural sealant is used any
34.3 Compatibility— Materials or components that are in MiXing deﬂuencu_as, and 5) the joint type and any other
closé roximity to or are touching the structural or nonstruc-relevant observations. Typically, the frequency of deglazing

P y 9 tests could be established as 1 frame in the first 10 produced,

tural sealants of @ SSG system should be tested for COMPALi the next 40, 1 in the next 50 and one every 100 thereatter.

ibility with the sealants using Test Method C 1087. This test i : . s L
performed in the laboratory with prepared samples of substraSFrequency will depend on the particular application require

e . ®ents and the results of previous deglazing tests. Deglazin
finishes, gaskets, and spacer materials, among others. A b 9 g 9 g

o ) L rmits the production supervisors and workers to evaluate
cqlor phange ofthe gealant aftef testing, 1s sufﬁmen_t criteria fo heir work with regards to cleaning procedures and completely
rejection of the candidate material or finish for use in structur

X . . ; illing the joint cavity. This test increases the fabricators
glazing. This test usually is performed to prequallfya_\mgtena wareness of the specified application and performance re-
or component for use and then later, before fabrication oa

) lat i that | ducti h h uirements for the particular structural sealant application.
installation, to verify that its production run has the samepg formance of prequalification, prefabrication, and fabrication

characteristics. In general, fo_r most mate.n_alls, seqlant man_tfésting will assist in identifying substrate or workmanship
facturers have extensive previous compatibility testing EXPerithanges that could be detrimental to adhesion of a structural
ence and usually can indicate if their sealant is compatible Wit o 5 ant.

a particular material; therefore, prequalification testing usually
is not necessary unless the manufacturer does not have releva® Assembly Testing

data. Prior to SyStem fabrication or insta”ation, however, 35.1 General—Before substantial fabrication of a SSG
compatibility testing should be performed by the sealaniystem, a full scale mock-up usually is constructed at a test
manufacturer on actual production run samples to assist imboratory. The mock-up will have various tests performed to
identifying any change that could be detrimental to theverify that the SSG system design will meet specified perfor-
adhesion characteristics of a structural sealant, among Otherﬁ]ance and other criteria. A manufacturer’s standard SSG
34.4 Adhesior—Adhesion or lack of adhesion of a struc- system, which has been previously tested, does not necessarily
tural or nonstructural sealant to the surface of another materidave to be tested again, provided the system is unmodified and
or component is determined using Test Method C 1135 for aised as the manufacturer requires. Assembly mock-ups that are
structural sealant and either Test Method C 794 or Test Methotivo and three stories tall and 6 ® m (20 to 30 ft) wide are not
C 719 for a nonstructural sealant. The adhesion of siliconeincommon. The mock-up usually will have typical system
sealants to clean, uncoated glass has proven to be tenaciodstails and conditions included for evaluation. Occasionally, a
while adhesion to other surfaces, such as coated glass asthaller scale mock-up, for instance the size of a glazed panel,
anodized or organically coated aluminum, has proven to benay be necessary during SSG system development to test a
variable. In general, for most materials, sealant manufactureispecific condition, for example, a particular structural sealant
have extensive previous adhesion testing experience and ugoint design (20). Additionally, for a unitized shop glazed
ally can indicate if their sealant will or will not adhere to a system, testing of an assembled unit during the fabrication
particular material’s surface; therefore, prequalification testingrocess also can be performed as part of a quality control
usually is not necessary unless the manufacturer does not hapeogram.
relevant data. Prior to fabrication or installation, however, the 35.2 Mock-up—The benefits that can result from a mock-up
sealant manufacturer on production run samples of thoskboratory test program are verification and improvement of a
components should perform adhesion or lack of adhesion testSSG system performance characteristics and the ability to
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identify and correct potential fabrication and erection problems6. Fabrication and Installation

before construction occurs on the buildi(48). Any modifi- 36 1 Components-A structural glazing sealant should have
cations or changes performed to complete the mock-up testing |east its curing and adhesion characteristics periodically
program successfully, must be documented adequately ithecked during fabrication and installation. These tests should
writing and communicated to and implemented for the shop ope preformed before use on each different lot of structural
construction-site fabrication and installation. Typically, as aglazing sealant and periodically during the fabrication or
minimum, the following testing is performed: air leakage or airinstallation process. For construction-site glazed systems, test-
infiltration by Test Method E 283, static water penetration bying is performed on site, and with shop glazed systems, in the
Test Method E 331, dynamic water penetration by AAMA Testshop. For a single-component structural sealant, there are two
Method 501.1, and structural adequacy by Test Method E 330dnformal tests (see Appendix X3 and Appendix X4) that can be
Other tests also can be performed, such as, air |eakage usingogrformed to verify that it is within its shelf-life and has been
temperature and pressure difference by Test Method E 1424tored at a proper temperature. To verify its adhesion charac-
structural performance using cyclic static air pressure by Tedgristics, one or more of the tests described in Appendix X2 can
Method E 1233: and, water penetration by cyclic static air_be performed depending on the circumstances of fabrication or

pressure by Test Method E 547. Additional tests can bénstallation. For a multicomponent structural sealant, the mix-

performed to evaluate the effects of seismic loading, therma['d eduipment must be maintained properly and have its

movement, thermal performance, condensation resistance, ahy<'nd rgno and degree of c_omponent mixing verified repeat-
edly during the sealant application process (see Appendix X5

sound transmission, among others. The mock-up, aft_er assei g Appendix X6). These tests evaluate the rate of cure of a
b!y and prior fo testing, ca_n_be evaluated aesthetically fOl?nulticomponent sealant and should be performed each time a
different glass types, panel finishes, and colors, among other§e\, container of the base or activator component is placed on
The assembly of the mock-up also is the time to trainhe pump and at each startup after an extended shut down, such
supervisory staff in its erection procedures and to evaluate anys at a break and lunch. Components that are not mixed
difficulties that may be encountered during its installation.completely at the correct ratio may have significantly altered
Prior to any testing being performed, at least one vision angyroperties that could affect the structural sealant curing pro-
spandrel lite of glass or other panel type should be deglazegess, adhesion characteristics, and ultimate durability. As for a
from the mock-up and reinstalled using the predetermined SS&ingle-component sealant, adhesion characteristics can be veri-
construction-site reglazing procedures. The mock-up then ied by one or more of the tests described in Appendix X2,
tested so that both as glazed and reglazed configurations can ¢hepending on the circumstances of fabrication or installation.
evaluated. 36.2 AssemblyAfter erection or installation of a SSG

35.3 Unitized System-During fabrication, as part of a System on a building, testing can be performed to verify

quality control program, an assembled unit can be tested. Th}gorkmanship and system performance. To test for air infiltra—
testing most typically is performed using the design wind load !N, Test Method E 783 can be used, and for water penetration,

For a particular SSG application, a statistically significantTESt Method E 1105 and AAMA Test 'V"?th"d o01.2 can_bg
sed. Frequently, as part of the installation process, periodic

opulation is established for testing. For example, if there aré S ; ; T

2080 unitized frames for an applicgtion, it mayF:)e determinetyvfater mﬂ_ltra_tlon tes_?ng _by thfesk? methI(_)ds ']:5 spe_.\uﬂel(lj asa part
that 1 out of every 100 should be tested. This testing typicallyO a continuing verification of the quality of an installation.
is used as a final check of the assembled components befo?g Post Installation

they are shipped to the construction-site. After the structural o )

sealant has cured satisfactorily, a unitized frame is put on a 37-1 As part of a monitoring program, depending on SSG
device that will permit application of the full design wind load SySteém characteristics, sealant adhesion can be monitored
to the glass lites or panels in a negative direction tending to puff€riodically to detect any changes that may have occurred
them off the frame. Methods that have been used include alncemstallatlon. Method A of Appendix X2 is used commonly

chamber where air can be removed or supplied to duplicate th‘vggr?f;e a?jﬂzhscigr?lei;s At\goatgzgrfe;hnrgs?seurt:ithgisb:refon tﬁgeg StGo
static design wind load. Usually, this is a chamber similar tosystem exterior,or interior surfacg and respectively, evacuating
that desqnbed n Test Method E 330. Another method 'S toor pressurizing the chamber simulate the negative pressure of
apply weight on suitably protected glass lites or panels until th

. . . . . he wind. The force generated will tend to pull or push the glass
weight equals the design wind load. Typically, the applied load,. el outward, thereby stressing the structural sealant to a

is held for a period of 1 min and then released. These memoqﬁedetermined value. Recently, a test apparatus has been
are used only to identify any major fabrication deficienciesyeyeloped and used successfully to evaluate the adhesion
related to the structural glazing sealant. Additionally, these Ognaracteristics of installed structural glazing sealants. This
other units, can be deglazed to confirm the adequacy of thgethod utilizes a point load apparatus applied to the exterior
structural sealant application, including cleaning, priming,surface of a wall to simulate the effect of a wind load. The
multicomponent sealant mixing, and sealant filling of the jointtesting data then is analyzed based on an acceptable probability
opening, among others. While deglazed an adhesion test of th failure, finite element analysis of the structural sealant joint,
structural sealant to the framing system and glass lite or panelnd a statistical analysis of the dé#a). Also, if air and water
surfaces can be performed (see Appendix X2). infiltration is of concern, then Test Methods E 783 for air and

38



A c 1401 - 02
“afl

E 1105 and AAMA Test Method 501.2 for water, can be usedife of 6 or 12 months, depending on the particular sealant,

to assist in determining the source of infiltration. when stored at temperatures below 27°C (80°F). Storage
conditions can affect the shelf-life of a sealant, and therefore,

SHOP GLAZING CONSIDERATIONS structural sealant quality verification should be performed
38. General before use and throughout its application period. See 36.1 for

) ’ _an explanation of testing that typically is performed to verify
38.1 Early in a factory or shop-glazed SSG system’s des'ggingle-component sealant acceptability.

and development, proper consideration should be given to, at 39.2.2 Multicomponent SealantVerification of shelf-life

least, storage conditions and length of glazed unit storage; thf((e)r a multicomponent sealant is equally important as for a
method of crating, moving, and transporting glazed units from . P qually 1mp

§|ngle-component sealant. For a multicomponent sealant, shelf-

he f h h ion-site; h h -
the factory or shop to the construction-site; and, the method c1|fe can affect the ability of the sealant to cure and also the

connecting to and hoisting of the units to final position on the". ity of th lant s Ch o i
building. These items must be resolved successfully to ensyrg>cosIty of the seaiant components. ©.hanges In viscosity can

no undue movement or stress will occur to the glazed units, th@Tect the tab'"té' t?]f thl(te_ dlipensT? a?i)haratus éo pulmpt tge
structural sealant joint, or other system components, such 6rr11p:conen S ar: eu |rfna e'quar:y of ti eli:ure S(fea anéI ee
glass, after fabrication of the units. .1 for an explanation of testing that typically is performed to

38.2 Quality verification during shop glazing begins with Verify multicomponent sealant acceptability.
the arrival of the components that will comprise the SSG 39.2.3 Sealant Adhesion VerificatieaSubstrate finish
system. The gaskets, sealants, cleaners, surface conditioneglganing, and, if required, surface conditioner preparations that
spacers, setting blocks, and the many other components mufte required to achieve the desired structural sealant adhesion
be those that are originally specified, tested, and approved favill have been determined by the sealant manufacturer prior to
use. Any proposed substitutions cannot be implemented untiihop glazing of the SSG system. During shop glazing, adhesion
they also have passed the required testing and other perfaperformance of the sealant, substrate finish, and surface prepa-
mance criteria verification. ration combination should be verified repeatedly. See 36.1 for

38.3 Structural glazing sealant adhesion and compatibilityan explanation of adhesion testing that typically is performed
should be tested repeatedly during the shop glazing proces® verify shop glazing procedures and component acceptability.
Substrate finish and accessory component variability makes 39.3 Cleaning Materials

continued testing of those components for adhesion and 39 3 3 Cloths—Prior to structural sealant, and, if required,

c?mpatibility”essentiil; thereg‘oreh, every new lot of mettz)il andy face conditioner application, substrates should be cleaned
glass, as well as gaskets and other components, must be tesiggh, o 51y clean, white, lint-free, cotton cloths or paper wipes.

to d_etermine their acceptability for use with the. structuralDo not use any cloth or wipe that has been chemically-treated.
glazing sealant. The success of a SSG system is dependeéﬁbstrate finish adhesion surfaces should be cleaned using the

upon the continued testing and other verifications that are paff, | wipe method. The first cloth or wipe is wetted with the
of a quality assurance program specifically designed for eac leaning solution. This cleaning is done by either pouring or

grojfgt}iztr;lﬁsa"r?gmgogﬁmfmsgogﬂ be I\;ime?oerlstrtg tgg'éjsmg a squeeze bottle to apply the cleaning solution to the
Pprop . P Any P9 g wipe. Do not dip the wipe into the cleaning solution. By doing

system. During shop glazing these materials also need to be o . ; .

: S0, contamination of the solution can result if the cloth or wipe

stored properly, and each new lot or batch of a material or & : : ;

. . is wetted a number of times. Using the wetted cloth or wipe,

new shipment of a particular component also should have thé

same quality verification checks performed prior to Shopapply the cleaning solution to the surface, and with the other

glazing. Ongoing checks and verifications during shop glazin%art‘g’ |mm_ed|afrer:y ffc.)"(iw |tht$1 Wettte(:hwme \;V'th a s(ej‘cond dry

have in the past identified and corrected problem situations th N oer\ilﬁe. f Irs C? we St € fﬁr atc;]e an re:jnov_es
would have otherwise been incorporated into the fabrication opome of the surface contaminants, while the second wipe
a SSG system with potentially detrimental effects. The follow-' €MOVES th? remaining cleaning solution and any contaminant
ing sections briefly describe some of the testing and verifica[e,s'due' This procedure should be repeated until the second

tions that should be part of a SSG system quality assuranc¥Pe shows no discoloration or evidence of any contaminant

manual. residue pickup from the substrate finish being cleaned. The
cloths or wipes should be discarded frequently and replaced
39. Material Qualification with new. Soiled wipes should never be in contact with the

39.1 General—Each component of a SSG system shoulgcleaning solution contf'iiner. The gleaned surface must now be
have verification performed to determine that the quality of théProtécted from becoming contaminated, for example, by being
component fulfills the requirements of the project specificatiorfouched or handled by workman with dirty hands.
and is appropriate for use in a SSG application. A component 39.3.2 Solutions—Cleaning solutions only should be those
is verified for a wide range of properties, such as size, shap@pproved by the sealant manufacturer for a particular applica-
dimensions, material, finish, shelf-life, storage conditions, andion. See 24.4.1 for a discussion of the various cleaners that
color, among others. commonly are used for a SSG application. Each new lot, batch,

39.2 Sealants or container of a cleaning solution should have its quality

39.2.1 Single-Component SealanfA single-component verified by an independent testing laboratory prior to its use.
sealant approved for a SSG application typically has a shelffypically, the laboratory should check for organic and other
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contaminants and that the solution meets its referenced speci-39.5.1 Components-Metal framing components should be
fication. Cleaning solutions commonly are hazardous materialshecked for size, shape, straightness, and for the correct finish
and must be handled in accordance with applicable regulatiorsf the proper quality without scratches, gouges, and other
and personal health considerations. surface or finish imperfections.
39.4 Surface Conditioner 39.5.2 Finishes—Prior to fabrication, the metal components
39.4.1 Genera—Substrate finish surface preparation for should be check to verify that the appropriate coating has been
structural sealant adhesion often will include the application ofpplied to the structural sealant adhesion surface. See Section
a surface conditioner or primer to develop the required sealar1 for a discussion of commonly used finishes. The coating or
adhesion. See 24.4.2 for a discussion on surface conditioneff#ish should cover the adhesion surface completely and not
Additionally, sealant installers should be aware of the appeamave any obvious deficiencies, should be of uniform consis-
ance of a primer to insure that a good quality primer is beingency, and should be free from scratches. As described in 34.4,
used. The sealant manufacturer should provide information @dhesion of the structural sealant to the finish should again be
least on the following surface conditioner or primer characterverified prior to shop glazing.
istics. 39.6 Organic Componeris-Preformed components, such
39.4.2 Color—It is not uncommon for primers to be various as gaskets, spacers, and setting blocks, can be checked to
shades of pink, red, or yellow, as well as water white. Thedetermine that they are the correct material, size, shape, are not
acceptable color and its range should be established by tt#eformed or misshapen, and that they have been fabricated
sealant manufacturer, and primers that do not conform shoulgroperly. For example, an improperly sized or misshapen
be discarded and replaced. A questionable color primer shoupacer, that is used to establish the structural sealant joint
never be used. opening, could create an opening that falls outside of the
39.4.3 Clarity—Clarity often is confused with color. A clear allowable tolerance range for the joint opening, thereby result-
primer is free of particulate matter or settling and is not cloudy/nd in a structural sealant joint that may be undersized.
A primer may be water-white or various colors, such as pinkAdditionally, they also should be checked to determine that
red, yellow or some other color, and also will be clear. Thethey will attach to or fit into or with other system components,
need for and degree of clarity and the acceptability of solicuch as the metal framing. Occasionally, it is found that what
material in a primer should be established by the sealari@s designed and anticipated for the system cannot be properly
manufacturer. A questionable clarity primer should never bdnstalled during fabrication, requiring a modification or change.
used. 39.7 Glass
39.4.4 Application Rate—For primer application, it is im- 39.7.1 General—Glass products should be checked to de-
portant that the instructions of the sealant manufacturer btermine that they are the correct size and type for the particular
understood and followed as written. Most primers are designe@pplication. Cut edges of the glass should be clean and free
to be applied as a relatively thin film that completely covers thérom impact damage and cutting defects, such as deep shark
adhesion surface. A dripping or running application or one withteeth, deep serration hackle, spalls, and flake chips. Using glass
skips and voids is not recommended and can result in deficienith questionable edge characteristics may result in a prema-
adhesion of the structural sealant. The proper dispensing oftare glass failure and the necessity for replacement. Breakage
primer is important to avoid primer contamination. The mostof glass products during transportation and system fabrication
commonly encountered technique of pouring a primer into argnd erection is common. Extra or spare glass products should
open cup or bowl is the least desired technique. Almost albe anticipated and provided, perhaps as much as 10 to 15 % of
sealant manufacturers indicate that the primer should behat required for the application.
applied from a closed container, for example a squeeze bottle, 39.7.2 Opacifier Edge Deletion-Verify that the edge dele-
to a cloth or brush. The cloth or brush should not be dipped intdion of an applied opacifier plastic film or a silicone based paint
a container of primer; repeatedly doing so can contaminate theoating (see 22.4) has been performed properly by the glass
primer. Some primers, depending on the type of substrate, afabricator at the perimeter of the glass where structural sealant
brush applied, wiped on with a cloth, or wiped on with oneadhesion will occur. Structural sealant adhesion should occur
cloth and wiped off with another. It is important that those whoto the glass face and not to the opacifier.
are applying a primer be supplied the proper equipment to 39.7.3 Insulating Glass—The IG unit edge seal should be of
contain, dispense, and apply a primer, and not just with writter dual seal construction with a polyisobutylene (PIB) primary
instructions. The primed surface must now be protected frongeal and a structural silicone secondary seal. Verify that the IG
becoming contaminated, for example, by being touched ounit edge seal secondary seal (structural sealant) has the
handled by workman with dirty hands. required contact width. Sometimes the application of the edge
39.4.5 Dry Time—Different primers require different seal structural silicone by the IG unit fabricator can overflow
lengths of time between primer application and sealant instakthe edge and be on the surface of the glass or present an
lation. If a primer does not have adequate dry time, undesirablebstruction to its proper installation. The excess sealant mate-
adhesion quality may result. Primers normally require a periodial may have to be removed to permit its installation onto the
of time to dry before sealant application, and there usually is &raming system and the proper application of the structural
maximum time interval between primer application and sealansealant adhering it to the framing system.
application, which the sealant manufacturer can supply. 39.8 Stone—Before use, the stone adhesion surface that is to
39.5 Metal Framing System receive the structural sealant has to be verified as clean. The
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adhesion surface should be inspected for dust, sludge, or othasually is more appropriate since it cures faster than a
contaminants remaining from the stone cutting operation andingle-component structural sealant, thereby minimizing the
stone shipment. All contaminants must be removed properlgtorage period. A single-component sealant (especially the fast
using procedures and solutions agreed to by the structurgure type), however, can be used if there is adequate storage
sealant manufacturer and stone fabricator. space in the factory or shop to store the completed units until

. sufficient cure of the structural sealant.
40. Glazing

40.1 Genera—Some SSG applications have glass and pan: 40.2.3 Sealant Applicatior-Shop or factory glazing gener-

: ; lly is performed with the glazing unit lying horizontally on a
els structurally glazed_to the framing system in a ContrOIIedaIazing table. Often, it is desirable to have the structural sealant
factory or shop environment. Others are glazed at th

construction-site, which is a far less controllable location. oint opening facing the outside perimeter of the unit so that

These different working situations and environments WiIIstructural sealant application can be performed comfortably

require testina and auality control broarams specificall devel-from around the outside perimeter of the unit. For a multicom-
d 9 q y prog P y nent structural sealant this is important as the hoses of the

oped for those situations. Also, some SSG systems only Shousealant UMDING equipbment can restrict the movement of the
be glazed in a factory or shop environment. The following i tp P %\I q p'th the structural lant ioint .
briefly describes fabrication and glazing considerations fofPPIIcator gun. AlSo, wi € structural sealant joint opening
- facing outward, with glass lites or panels laid on top of the
factory or shop glazing. ) . .
horizontal unit, the sealant applicator usually can observe

40.2 Factory or Shop . - o .
40.2.1 General—Fabrication of components and glazing of visually the sealant filling the joint opening through the glass,

glass or panels in a shop or factory situation is recommendelrovided any g_lass coa_ltings do not res_trict vision through the
for a four-side SSG system. A factory or shop can be arrange@@SS: Or the joint opening, and hence, insure complete sealant
to provide optimum access for performing the work and tofilling of the joint opening. Masking tape.often is applied to
provide good visual verification and inspection access. SuitablBréVent excess structural sealant, as it is applied and tooled
quality control for substrate cleaning, priming, and applicationin-Place, from contacting adjacent surfaces. The tape should be
of the structural sealant, as well as the fabrication of othefémoved as soon as tooling is finished.

components only is obtainable in a shop or factory environ- )

ment. With most four-side SSG systems, there is no suppletl. Installation

mental mechanical or other support provided for the glass or 41.1 A factory or shop-glazed SSG system installation
panels. Adhesion of the structural glazing sealant is the solgjcally is limited to attachment to the building framing
means of glass or panel retainage. To achieve the specifiedstem of the premanufactured units. Storage and attachment
adhesion, these systems should have the structural glazigg the unitized assemblies should be planned ahead of instal-
sealant applied primarily in this environmentally controlled |3ion and conducted in a manner that will not cause unplanned
setting. Construction-site structural glazing of four-side SSGytess or damage to the premanufactured units, especially the
systems should be limited to glass replacement due to breakagg,,ctural sealant joints. Some systems, however, shop glaze a
or maintenance. In addition to obtaining better quality control,g|azing adaptor to the surface of a glass lite or panel, usually an
since all components are fabricated in a controlied environyminum extrusion, which then is attached mechanically to a
ment, glazing in a shop or factory may result in a moreqain wall or window framing system that has been installed

econ.omical'system. Wit,h thi§ glazing .method, it may bepreviously at a construction-site. The important distinction for
possible to limit construction-site application of sealant only tofactory or shop glazing is that the structural sealant work

the weather sealant. In fact, some unitized factory glazed SSG.. s in an environmentally-controlled factory or shop set-

systlems havﬁ been .de\f/elope}j ;hat .hzve no f|e|d_app||” g. Occasionally during construction, a glass lite is broken or
sea ant§ ﬁo tfe exterr]|or ﬁce of t 3 ]yvm Oow or curtain Wla a panel is damaged, which usually will require construction-
system; therelore, when the unitized frames are set into placg glazing to correct. Weatherseals and other nonstructural

on thhe bundlng,'the mttlanor IS reils.tant}mr?e.chﬁtely t|? tReseaIant joints in the SSG system should be installed following
weather permitting early start of interior finish work. A W "0 .00 mendations in Guide C 1193.

properly designed four-wide SSG system can be easier and less
expensive to reglaze than a construction-site glazed system. :
40.2.2 Sealants—Factory or shop glazing also permits the 42. Quality Control Program
use of either a single-component or multicomponent structural 42.1 The fabrication of the system and its components
sealant (see 24.2). Using a single-component sealant avoids tekeould be governed by a written quality control program whose
mixing ratio and cleaning and maintenance considerations thaerification also is documented with written data forms and
accompany the multicomponent sealant mixing apparatusither forms of documentation. The program should be specifi-
however, a multicomponent sealant provides relatively rapically designed for the particular SSG application. Included in
cure times allowing less storage area and quicker transport dfie program should be at least the material qualification testing
the units to the construction-site. To avoid movement to thelescribed previously (see Section 34), as well as reviews and
structural sealant joint during sealant cure, a glazed unit shoulchecks to be performed at predetermined intervals or at
not be moved in the factory or shop or transported to thémportant steps in the fabrication and installation process. For
construction-site until the structural sealant has developedxample, in a shop glazed application, a self-adhesive label can
sufficient strength. In this respect, a multicomponent sealaribe attached to the metal framing; and, as various operations are
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completed, they can be documented by checking the approprtomponent fulfills the requirements of the project specification
ate prelisted box on the label. Fabrication inspection, monitorand is appropriate for use in a SSG application. A component
ing, and testing is essential to assure compliance with thi verified for a wide range of properties, such as size, shape,
quality control program workmanship procedures and th&limensions, material, finish, self-life, storage conditions, and
specified quality and compatibility of the materials and com-color, among others.
ponents. A good quality control program can identify and 44 2 sealants

revent detrimental variations in workmanship, as well as for . .
Pnaterial and component production runs andp batches. Where44'2'1 Single-Component Sealas# single-component

applicable, periodic load tests on assembled units also shouj(falam approved for a SSG application typically has a shelf

be conducted (see 34.3). A systematic and quantifiable pr e of 6tor (112 rtn?nths, di:pendlggl on t;;aocparg%ljlgr ssetalant,
gram, such as this, only is as good as the accuracy of the recowpen. Stored at temperatures below ( ). Storage
onditions can affect the shelf-life of a sealant, and therefore,

keeping. Quality control program documents and record§ . e
ping. Q y prog tructural sealant quality verification should be performed

should be stored for future reference after completion of th . L .
work. This storage of records is important if a concern efore use and throughout its application period. See 36.1 for

develops in the future, for these records could prove invaluabl@" explanation of testing that typically is performed to verify
in resolving a problem situation. Independent inspection an§ngle-component sealant acceptability.

testing agencies are available to perform the inspection, moni- 44.2.2 Multicomponent SealantCurrently, a multicompo-
toring, and testing services required by a quality controlnent structural sealant is not available for construction-site
program. glazing. The dispensing apparatus to mix and pump the sealant

components is large and bulky and not suited for use at a
CONSTRUCTION-SITE GLAZING CONSIDERATIONS construction-site.

43. General 44.2.3 Sealant Adhesion VerificatienSubstrate finish

' . T . . . . cleaning, and, if required, surface conditioner preparations that

be4?r.1i v(\?i?r?lgwye Vaii:{/l;?tcl)?r:hgu;)nn% gﬂgitt;uiﬁgpﬂﬁecg?z'r?sgeare required to achieve the desired structural sealant adhesion
9 P PIIS€.ill have been determined by the sealant manufacturer prior to

the SSG system. The gaskets, sealants, cleaners, surface

conditioners, spacers, setting blocks, and the many Othé:ronstructlon—sne glazing of the SSG system. During

- o onstruction-site glazing, adhesion performance of the sealant,
mponents m h hat are originall ifi o i ST
components must be those that are originally specified, teste&tjbstrate finish, and surface preparation combination should be

and approved for use. Any proposed substitutions cannot g rified repeatedly. See 39.1 for an explanation of adhesion

implemented until they also have passed the required testing” .. h callv i ; d . . .
and other performance criteria verification. Structural-glazing=Sting that typically is performed to verify construction-site

sealant adhesion and compatibility should be tested repeated#2Zing procedures and component acceptability.

during the construction-site glazing process. Substrate finish 44.3 Cleaning Materials—Cloths, solutions, and methods
and accessory component variability makes continued testingtilized for substrate cleaning are the same as those used for
of those components for adhesion and compatibility essentiafactory or shop glazing (see 39.3).

Every new lot of metal and glass, as well as gaskets and other 44.4 Surface Conditioner-Surface conditioner properties,
components, therefore, must be stored properly at theharacteristics, and methods utilized for substrate finish con-

construction-site and tested to determine their acceptability fO(Ijitioning are the same as those used for factory or shop glazing
use with the structural glazing sealant. The success of a SS(gee 39.4).

system is dependent upon the continued testing and other 44 5 \etal Framing System
verifications that are part of a quality assurance program 44'5 1¢ ts-Metal frami ts should b
specifically designed for each project. Briefly, all components - -0mponen etal framing components should be

should be verified as to their appropriateness prior to any fina(fhm:ked for size, shape,.straightness, and for the correct finish
construction-site glazing for the SSG system. DuringOf the proper quality without scratches, gouges, and other

construction-site glazing, these materials also need to be stor&lrface or finish imperfections.

properly and each new lot or batch of a material or a new 44.5.2 Finishes—Prior to fabrication the metal components
shipment of a particular component also should have the sanfould be checked to verify that the appropriate coating has
quality verification checks performed prior to construction-sitebeen applied to the structural sealant adhesion surface. See
glazing. Ongoing checks and verifications during constructionSection 21 for a discussion of commonly used finishes. The
site glazing, in the past, have identified and corrected problergoating or finish should cover the adhesion surface completely
situations that otherwise would have been incorporated into thand not have any obvious deficiencies, should be of uniform
fabrication of a SSG system with potentially detrimental consistency, and should be free from scratches. As described in
effects. The following sections briefly describe some of the34.4, adhesion of the structural sealant to the finish should
testing and verifications that should be part of a SSG systeragain be verified prior to construction-site glazing. Verification

quality assurance manual. at the construction-site of structural sealant adhesion to the
) o finish surface, in the past, has discovered manufacturing
44. Material Qualification variations that have occurred between small samples prepared

44.1 Genera—Each component of a SSG system shouldfor laboratory testing and the production runs of material
have verification performed to determine that the quality of theshipped to the construction-site.
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44.6 Organic Components-Preformed component proper- tural sealant should be stored at the construction site below its
ties and characteristics are the same as those used for factorymeximum storage temperature, which generally is 27°C
shop glazing (see 39.6). (80°F).

44.7 Glass—Structural sealant glazing considerations rela- 45.2.3 Sealant Applicatior-Construction-site glazing gen-
tive to glass products are similar to those described for factorgrally is performed with the glass lite or panel inserted into the
or shop glazing (see 39.7). installed framing system. The structural sealant can be installed

44.8 Stone—Before use, the stone adhesion surface that is térom either the exterior of the building or from the interior. If
receive the structural sealant has to be verified as clean. THbee structural sealant joint opening is facing the outside
adhesion surface should be inspected for dust, sludge, or othperimeter of the glass lite or panel, the structural sealant
contaminants remaining from the stone cutting operation andpplication can be performed from the exterior around the
stone shipment. All contaminants must be removed properlputside perimeter of the unit. With the structural sealant joint
using procedures and solutions agreed to by the structuralpening facing outward, and with glass lites, the sealant

sealant manufacturer and stone fabricator. applicator usually can visually observe the sealant filling the
joint opening through the glass, provided any glass coatings do
45. Glazing not restrict vision through the glass, or the joint opening, and

45.1 General—Construction-site glazing has all substratehencg' insur_e complete sealant filling of_the jo?nt opening.
cleaning, priming, and structural sealant application occurrin;Xter'o.r glazing of the structural sealant will require scaffold-
in a basically uncontrolled environment. This environment ca ng, swing-stage platforms, or other means of access o the face

present many situations beyond the control of the sealaqqf r_nultistory_ bu_ildings._lf the structural sealan_tjoint opening is
applicator that can be detrimental to proper structural seala feing the |ns_|de perimeter of the glass lite or panel, all
application procedures. The construction-site can be expos éructu_ra_l gl.azmg operations can take place from the floor of
to unpredictable weather patterns including rain and snow; i € pu|ld|ng, however, exterior ap_phed weather seals wil stil
can be dusty and wind blown; and, other trades can contribute d4!"e the use of scaffolding, swing-stage platforms, or other
inadvertently to sealant application problems. Because of thedB®ans of access. )

and other concerns, workmanship and quality control become 4°-2.4 Temporary Support DevicesA structural sealant
particularly important. This working situation and environmentd0€s not develop its adhesive and cohesive strengths immedi-
will require a testing and quality control program specifically ately after application. Generally, a device, called a dutchman,
developed for construction-site glazing. The quality controlMust be applied to a construction-site glazed system to retain
program, as a minimum, must include sufficient training anddlass or panels in place while the sealant is curing. Dutchman
meaningful supervision of qualified structural sealant applicaMust be sized appropriately, stiff enough to resist displacement,
tors, as well as periodic testing (see Section 36). Also, som@nd applied often to prevent the glass or panels from experi-
SSG systems, in particular a four-side system, should not b8cing detrimental movement. Typically, a dutchman can be
glazed in a construction-site environment except for breakagd@de from a wood block, plastic clip, or an aluminum
replacement or other maintenance considerations. Glass, parf{irusion with gaskets, which are either screw-applied or
and organic components, and the structural sealant must Baterlock into the metal framing system.

stored and used properly at the construction-site. The following 45.2.5 Construction-Site Conditiorslt cannot be ex-

briefly describes fabrication and glazing considerations foPressed enough that the success of a construction-site glazed
construction-site glazing. SSG system will be a direct function of the ability of the

45.2 Construction-Site installers and sealant applicators to respond to the unpredict-

45.2.1 General—Most two-side SSG systems are designedable or uncontrollable conditions that can occur. Rain, wind
and fabricated for construction-site glazing. SSG SystemQlown dust, heat, cold, trade interferences, and other conditions
designed for construction-site glazing should have all fabrica® €ffécts can cause or contribute to inadequate structural

tion of components performed in a shop or factory environS€alant adhesion. The employment of qualified sealant appli-

ment. This should include at least framing member finishC2t0rs and implementation of a quality control program are the
application and all cutting to size, punching, and drilling of °€St methods for obtaining reliable adhesion.
those members. The individual components should be crated or )
packaged properly for shipment to the construction site foft6: Installation
installation on the building. The framing members should 46.1 Construction-site installation of a SSG system requires
arrive at the construction site properly cleaned of all finishinga planned program of monitoring, inspection, and testing. This
process residue and fabrication process cutting aids and othgr necessary to assure the acceptability of other work that is
detrimental elements that could affect structural sealant adhén-place and that will receive the SSG work and to determine
sion. For four-side SSG systems, suitable quality control focompliance with specified material, fabrication, and erection
substrate cleaning, priming, and application of the structurajolerances. In addition, inspection of SSG system materials,
sealant, as well as the fabrication of other components only isomponents, and assemblies for specified quality and configu-
obtainable in an environmentally controlled setting, and thereration and for damage from shipping, handling, and storage is
fore, they should not be glazed at the construction site. necessary. Since the structural sealant joint is applied at the
45.2.2 Sealants—Construction-site glazing requires the use construction-site, labor may be more intensive and costly. Also,
of a single-component structural sealant (see 24.2). The stru@t- may be necessary to install sealant in two operations, a
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structural sealant joint and then a weather seal. A construction- 48.2 The design of a SSG system must take into consider-
site glazed SSG system, however, can be more tolerant @ftion the need to replace glass or panels due to failure and the
dimensional variations that can occur during installation.need to repair or replace structural and weather seals when they
Construction-site SSG work will require more and, in somefail or are no longer able to meet specified performance

instances, different quality control methods and procedureriteria. Typically, failure modes for installed SSG systems are

Weatherseals and other nonstructural sealant joints in the SS§lass breakage, insulating glass seal failure, and intermittent or
system should be installed following the recommendations irtomplete structural or weather seal sealant adhesion failure

Guide C 1193. around a glass lite or panel. Also, due to natural aging, there
) may be a reduction in structural sealant strength or deflection
47. Quality Control Program characteristics below specified performance requirements,

47.1 The construction-site installation of the SSG systeneven though the structural sealant has no evidence of a failure
and its components should be governed by a written qualityn adhesion or cohesion. Presently, there is no standardized test
control program whose verification also is documented withprocedure to determine if a reduction in structural sealant
written data forms and other forms of documentation. Theproperties will occur. The present state of the art is that an aged
program should be designed specifically for a construction-sitstructural sealant specimen can be removed periodically from
SSG application. Included in the program should be at least then SSG system and sent to the sealant manufacturer for
material qualification testing previously described (see Sectiorvaluation. Specimen removal can occur sporadically during
34), as well as reviews and checks to be performed at importamormal system maintenance, for example, when replacing
steps in the installation process. Construction-site fabricatiobroken glass, or can be part of a formal periodic system
and installation inspection, monitoring, and testing is essentiahonitoring program. By comparing the aged specimen prop-
to assure compliance with the quality control program work-erties with the known but unaged properties of the structural
manship procedures and the specified quality and compatibilitgealant, a determination of the degree of change in properties
of the materials and components. A good quality controlcan be made. This data then can become part of a service-life
program can identify and prevent detrimental variations inevaluation program for the structural sealant. These potential
workmanship, as well as for material and component producmaintenance possibilities should be planned for in advance to
tion runs and batches. Where applicable, periodic workmanfacilitate repairs or replacement when needed.
ship verification tests on installed portions of the system alsg .
should be conducted (see Section 36). A systematic anég‘ Maintenance
quantifiable program, such as this, only is as good as the 49.1 Cleaning—Regular cleaning of a SSG system exterior
accuracy of the record keeping. Quality control programsurface is prudent. Cleaning will assist in controlling the
documents and records should be stored for future referen@ccumulation of environmental pollutants on the SSG system,
after completion of the work. This storage of records iswhich can cause permanent disfiguration of glass and other
important if a concern develops in the future, or these recordsurfaces. Cleaning also will control potential accumulation of
could prove invaluable in resolving a problem situation.materials on the surface of a weather sealant, thereby changing
Independent inspection and testing agencies are available #§ color or causing or contributing to staining of other
perform the inspection, monitoring, and testing services rematerials. Glass cleaning should not damage the glass or

quired by a quality control program. sealant and metal components. The glass manufacturer’s clean-
ing requirements should be followed to prevent damage. If the
POST INSTALLATION CONSIDERATIONS SSG system has operable windows, periodic maintenance will
be required for the window gasket seals and operating hard-
48. General ware. Other building systems that interface with the SSG

48.1 A building owner’'s need and ability to maintain and system also should be monitored and maintained so they do not
monitor a SSG application should be considered. Because @fuse or contribute to deterioration of the SSG system, for
potential safety concerns, and in an effort to obtain increasedxample, by allowing water to infiltrate.
durability, a post-installation inspection and maintenance pro- 49.2 Glass Failure—Usually it is obvious when a vision
gram is desirable. This program should be anticipated andrea glass lite breaks or an IG unit has a seal failure.
included in the design of the SSG system. Window washingFFrequently, it is not obvious when the same occurs at a
maintenance, and system monitoring programs should bgpandrel or nonvision area. During routine maintenance or
developed realistically so that work platforms on a multistorycleaning of the exterior SSG system surface, the staff should be
building face do not cause or create problems for the SS@structed to document and report to the building maintenance
system. Work, which will be performed due to glass breakageoffice those areas where glass failures have occurred. Any
seal failure of insulating glass units, and eventual replacemerféiled glass should be replaced immediately. To facilitate
of materials that have reached their life expectancy, should beeplacement, many large building owners store extra material
planned for during SSG system design, rather than later, wheor “attic stock” at the building site. Typically, when the system
better or more economical options may not be availableis being designed, the quantities of extra material are estab-
Adequate access with well designed equipment is importantished so they can be provided with the original glass order.
particularly if structural sealant joints have to be replacedThis is important, for it is not uncommon for a glass type to
in-situ. System maintenance and monitoring requires a planndasecome unavailable in the future, which may result in a color
program, which may influence the SSG system design. or reflectivity matching problem or a change in summer solar
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or winter insulating performance. This is particularly importantand setting blocks compatibility with the remedial work
for those glass products that have reflective or low-emissivitystructural sealant; the structural sealant joint of adequate size
coatings. for the lateral and other load requirements; the cleaning

49.3 Sealant Failure— For a structural sealant joint that is Mmethod, cleaning solution, and, if required, primer required;
visible, a cohesive sealant failure usually is more detectablthe provisions or room for the attachment of temporary
than an adhesive failure; however, for some SSG systerfftainers; and, the length of the structural sealant curing period
designs, if not most, a structural sealant cohesive failure or lacRefore removal of retainers.
of initial adhesion is not readily obvious and usually is hidden 49-4.3 Glass lite replacement should follow the glass and
from view. A visible nonintrusive inspection, although useful sealant manufacturers recommendations. Provision should be
and the most economical investigative procedure, may not b@ade for at least proper glass support, adequate glass edge
adequate. During routine maintenance or cleaning of th@lea}rance, and proper structural sealant joint dimensions.
exterior SSG system surface, the staff should be instructed t8uring glass replacement, the old structural sealant must be
document and report to the building maintenance office thosg@moved form both the metal and the glass without damaging
areas where visible weather and structural sealant joint failureither substrate surface or finish. The sealant manufacturer
have occurred. Any failed sealant, for either a structural oghould be contacted for cleaning and priming requirements
weather seal, should be replaced immediately. It also should B¥ior to reglazing. _
realized that there is no assurance that the initial strength and49-4-4 Construction-site replacement of a glass lite or panel
deflection characteristics of a structural sealant will remairind the structural sealant requires the use of temporary glass or
within the established performance criteria range as the applPanel supports for the term of the structural sealant curing

cation ages; therefore, it should be anticipated that at som@eriod. To accommodate reglazing, attachment provisions for
time in the future there could be a reduction in structuralth€ temporary supports should be part of a SSG system design.

sealant capacity below its initial performance requirements'.f not planned for, uncontrolled drilling or framing members to

Clearly, if this does occur, the structural sealant joints should@t@ch the temporary supports, for example, may alter the

be replaced or strengthened before an unsafe situation couRyStem's water infiltration performance. Also, it should be
develop. realized that removal of sealant from an adjacent glass edge

49 4 Repair and Replacement that is not to be replaced may cause damage to that glass edge,
' P . P or if an IG unit, to the edge seal. Additionally, structural and
49.4.1 The primary goal of a SSG system, from both ar,iher sealant removal also could damage a glass coating or

application and performance view, is to attain a “zero defect’,qta framing finish. Some SSG systems are designed to
product and installation; however, there may be a time aftef,qyide a projecting metal fin that separates adjacent
installation when a glass lite or panel will have to be replacefgtructurally-glazed glass lites or panels from each other,
(45). It is good practice, therefore, to design two-side an hereby eliminating this workmanship concern.

four-side SSG systems for ease of glass, panel, or sealant49_4_5 A factory or shop glazed unit, depending on its
reple}cement.. Also, it is a rare construction :_site that.does ”Odesign, may not easily accommodate glass or panel replace-
require repair or remedial work at some time during SSGyent at the construction-site, and conceivably, could require
system installation. Glass can be damaged or broken, alumjgmya) 1o the shop for reglazing or resealing. For such a shop
num framing members or finishes damaged, and IG units Maya;eq unit, it would be advantageous for the owner to have
need replacement. For example, if an insulating glass unit has, 3 material or “attic stock” stored and available for emer-
seal failure, the unit should be investigated and replace@ency replacement. In one regard, this is an advantage since
promptly. A seal failure could be the precursor of a 10Ss 0freqlazing can occur in the shop and construction-site replace-
adhesion and subsequent loss of the unit or part of the unit frof,ant can be made with another factory or shop glazed unit
the framing system. Remedial work should be anticipated, ang,on from storage. In any event, it is good practice to design

provisions included during the design of the system, t0 permityctory or shop glazed SSG systems to be maintained easily at
the performance of the work in a planned manner. Guidgne construction-site or the finished building.

C 1487 provides recommendations for remedying SSG SyS- 49 4.6 For SSG systems that are originally glazed using

tems in situ. Remedial work may be necessary when a lite ofjther a single-component or multicomponent structural seal-
g!ass is replaced, for routine maintenance, or after distress iht, a different single-component structural sealant may be
discovered. necessary for maintenance work. A multicomponent structural
49.4.2 A thorough inspection and analysis should be consealant is unavailable for construction-site reglazing, and the
ducted to determine the cause of a glass lite failure. It isriginal single-component structural sealant may no longer be
prudent to do so to avoid a failure repetition. Consulting withavailable. The remedial work structural sealant should have its
the structural sealant and glass manufacturers to determirgrength, deflection characteristics, and other properties evalu-
cause and appropriate replacement often is of benefit. Reglagted and found to be compatible with the original structural

ing should commence only after the failure mechanism hagealant design factor, as well as other established performance
been determined to the satisfaction of all involved partiescriteria.

Generally, for remedial glazing work, at least the following o o

determinations should be made prior to performing any work90. Periodic Monitoring Program

the remedial work structural sealant compatibility with the 50.1 Program DevelopmentPost-construction monitoring
original structural sealant; the replacement spacers, gasketsf,a SSG system is necessary to ensure long-term performance
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and durability. The following briefly describes some recom-Testing can be performed for many different aspects of the SSG
mended monitoring schedule and other information for buildsystem, for example, water and air infiltration and structural
ing owners to use when developing their specific monitoringsealant joint performance (see Section 37). Most presently
program. Guide C 1394 should also be consulted for additionavailable structural sealant joint in-situ adhesion test methods
information to include in a monitoring program. Information is are destructive (see Appendix X2). Guide C 1392 provides a
presented on reasons to perform an evaluation, symptoms abndestructive method for evaluating localized failure of an
problems, evaluation procedures, and report and record keepmstalled structural sealant. The guide uses deflection measure
ing guidelines. The SSG system should receive a 100 Y%nents obtained from localized applied loads to the exterior
inspection upon completion. This will establish system condisurface of the glazing. A qualified authority, such as a regis-
tion for subsequent monitoring work. The inspection also willtered architect or engineer should be responsible for the
assist in identifying remaining punch list items that should beevaluation as described in Guide C 1392. If necessary, repre-
corrected before close out of the construction phase. Periodeentative factory or shop-glazed units can be removed from the
inspections should occur for the life of the SSG system. Aface of the building for load testing, if they have been designed
reasonable inspection sequence would be at six months, ote be removable. In lieu of removal, a nondestructive test can
year, and then yearly for the first five year period. Based on thee performed (see Section 37).
inspection findings, changes to the sequence, and subsequent )
inspections and intervals, can be established. The local buil®1. Quality Control Program
ing code authority may have facade inspection regulations that 51.1 During the post-installation phase of a SSG systems
will have to be fulfilled periodically, and usually a written service life, periodic maintenance and system monitoring
report or certification of the inspection submitted. Accurateshould occur and be performed only from a written quality
records of the inspections should be maintained. After complecontrol program. This program is best developed by those
tion of construction, a written monitoring program for the responsible for the SSG system design, fabrication, and instal-
silicone structural glazing system should be considered. It majation. The specifications for a SSG application, should include
be helpful, considering the type and complexity of the systema requirement that a SSG system manual be prepared, specific
code mandated inspection periods, and other system factors, tiw this particular application, for the owners use when the
retain a statistician to assist in establishing a program on huilding is occupied. This manual should at least document the
statistical basis. The program can identify areas to be inspectexpecific identification of the materials and various components
at each inspection interval and the degree of inspection at thogbat are used, the results of all the testing performed on the
areas. materials, components and assemblies, a copy of all submittals

50.2 Monitoring Agency—The inspection agency should be and drawings for the system, and each manufacturer's main-
an organization that is familiar with SSG design, constructiontenance and replacement instructions for their particular mate-
and inspection. A qualified person such as a registered architedal, product, or assembly. For example, if a glass lite or panel
or engineer should be responsible for the inspection as dés to be replaced in situ, written quality control procedures
scribed in Guide C 1394. If a consultant is retained for the SSGhould address, among others, temporary opening closure,
system design and development, that consultant should hgass or panel removal, substrate cleaning, transportation and
considered for the continuing monitoring work. installation of a new glass lite or panel, installation of the

50.3 Inspection Iltems-Monitoring work will require more  structural sealant, provision of temporary supports, until the
than just looking at the exterior surface of the SSG systemsealant has cured, and subsequent installation of the weather
Typically, an inspection should include, at least, adhesiorseal. Additionally, it should include a schedule outlining what
testing of structural and weather seal sealants, verifying thathould be inspected, at what interval, and to what degree.
weep holes are functional, observation of the condition ofThese written requirements and procedures should establish the
spandrel and other panels, condition of organic coatings oappropriate methods and include adequate safe guards so that
metal surfaces, verification that sealant joints are functionah quality inspection will be the result. Every inspection should
and not failing due to movement or other concerns, and thée documented thoroughly and the records stored for future
monitoring of other items specific to the particular SSGreference, should a problem develop. Quality control is not
system. Any moisture found in or on the SSG system should benly necessary during a SSG system fabrication and installa-
investigated since the source, among others, could be a faildgbn, but also, more importantly, for maintenance and repair or
weather sealant, condensation, or a failed structural sealanmemedial work, which often is performed in less than desirable
These, among other aspects, should be inspected periodicaliypvironmental and working conditions.
to identify problematic areas and to assure the continued
performance of the components as time progresses. 52. Keywords

50.4 Testing—When a visual inspection is not adequate, 52.1 construction-site glazing; curtain wall; glazing; shop
testing is the only positive means of identifying a deficiencyglazing; silicone sealant; structural sealant; structural sealant
and any resultant repair or replacement that may be necessagjazing; SSG
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APPENDIXES

(Nonmandatory Information)

X1. GENERAL INDEX TO TOPICS AND HEADINGS AS LISTED IN THE GUIDE

X1.1 Index

1 Scope

2 Referenced Documents
2.1 ASTM Standards.
2.2 Aluminum Association Manual.

2.3 American Society of Civil Engineers (ASCE) Standard.

2.4 Architectural Aluminum Manufacturers Association

(AAMA) Standard.

2.5 Institute of Electrical and Electronics Engineers, Inc.

and ASTM Standard.

3 Terminology
3.1 Definitions.

3.2 Descriptions of Terms Specific to This Standard:

3.2.1 aspect ratio (AR).
3.2.2 negative pressure.
3.2.3 opacifier.

3.2.4 panel.

3.2.5 positive pressure.
3.2.6 snap time.

3.2.7 stick system.
3.2.8 thermal bridge.
3.2.9 unitized system.
3.3 Symbols.

4 Summary of Guide

4.1 General.

4.2 Predesign Considerations

4.3 Performance Criteria Considerations.
4.4 System Design Considerations

4.5 Component Design Considerations.

4.6 Structural Sealant Design Considerations.

4.7 Testing Considerations.
4.8 Shop Glazing Considerations.

4.9 Construction-Site Glazing Considerations.

4.10 Post-Installation Considerations.
5 Significance and Use

PREDESIGN CONSIDERATIONS

6 Roles of Major Participants

6.1 General

6.2 Building Owner

6.3 Architect

6.4 Consultant

6.5 Building Code Authority

6.6 Contractor

6.7 SSG System Designer

6.8 SSG System Subcontractor

6.9 Metal Framing Fabricator or Supplier

a7

6.10 Glass Manufacturer or Fabricator
6.11 Panel Manufacturer or Fabricator
6.12 Structural Sealant Manufacturer
6.13 Accessory Material Suppliers

PERFORMANCE CRITERIA CONSIDERATIONS

7 General

8 Structural Loads

8.1 Dead.

8.2 Wind.

8.3 Snow.

8.4 Live (Maintenance).
8.5 Seismic.

8.6 Missile Impact.

9 Movements

9.1 Building Motion.

9.2 Thermal Movement.
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X2. TEST METHODS TO DETERMINE SEALANT ADHESION CHARACTERISTICS

X2.1 Method A, Hand Pull Tab (Destructive)

X2.1.3.1 Make a knife cut horizontally across the width of

X2.1.1 Scope—This adhesion test is a simple screeningthe sealant joint from one substrate of the joint to the other.

procedure for a field applied structural sealant that may help

X2.1.3.2 Make two vertical cuts (downward starting at the

detect field application problems, such as improper substraf@orizontal cut) approximately 75 mm (3-in.) long, at both sides
cleaning, use of an improper primer, poor primer applicationOf the joint next to the substrates.

improper joint configuration, and many of the other field
application problems that can affect adhesion. As a check for
adhesion, this simple hand pull test is performed at the job site
after a one-part structural sealant has cured fully, usually
within 7 to 21 days. This test method is destructive to a portion
of the structural joint.

X2.1.2 Apparatus

X2.1.2.1 Knife—Of appropriate length with a thin sharp
blade.

X2.1.2.2 Sealant—Same sealant material as is being tested.

X2.1.2.3 Spatula—Any suitable item to permit tooling of
the sealant.

X2.1.3 Procedure
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FIG. X2.1 Destructive Hand Pull Test
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X2.1.3.3 Grasp the 75 mm (3-in.) sealant tab firmly at its X2.2.3.2 Place a piece of bond breaker tape on the surface.
end and pull at a 90 degree angle (Fig. X2.1). X2.2.3.3 Apply a bead of structural sealant approximately
X2.1.4 Results—If substrate adhesion is acceptable, the200 mm (4 in.) long, 50 mm (1 in.) wide, and 3 m#As(in.)

sealant should tear COheSively within itself or elongate to dhick. At least 50 mm (2 |n) of the sealant should be app“ed
predetermined value before releasing from either substratgver the bond breaker tape.

adhesively. X2.2.3.4 T
. . . .2.3.4 Tool the sealant to ensure good sealant contact
X2.1.5 Repair of Sealant at Adhesion Test AreRepair the | wt tha adhesion surface. g

lant pulled fi the test lyi lant to th .
sealant pulled from the test area by applying new sealant to the 2.2.3.5 After complete cure (7 to 21 days), lift the sealant

test area. Assuming good adhesion is obtained, use the sam & the bond breaker t d oull firmiv at 2 90° I
application procedure to repair the area as used originally foi0 off the bond breaker tape and pull firmly at a angie.

the joint. Care should be taken to ensure that the original X2.2.4 Results—If substrate adhesion is acceptable, the
sealant surfaces are clean and that the new sealant is in cont&g@lant will tear cohesively (Fig. X2.2c) within itself before
with the original sealant. releasing from the substrate adhesively (Fig. X2.2b).

X2.1.6 Report—File the adhesion test number, date, sealant X2.2.5 Report—File the adhesion test number, date, sealant
lot number(s), test results (cohesive or adhesive failure), antbt number(s), test results (cohesive or adhesive failure), and
other pertinent information in a QC document for future other pertinent information in a QC document for future
reference. reference.

X2.2 Method B, Hand Pull Tab (Nondestructive) X2.3 Method C. Water Immersion

X2.2.1 Scope—This is a simple screening test that is per-
formed on a flat surface. It is applicable to those situation
where it is difficult or not possible to get to a structural joint to
test for adhesion as described in Method A. Test for adhesio
on a piece of mullion that has an exposed surface finish that is X2-3.2 Apparatus
the same finish as the substrate to which the structural sealantX2.3.2.1 Container of a size suitable for immersion of the
is adhered. This test is nondestructive to the installed structurgample.
joint. X2.3.3 Procedure

X2.2.2 Apparatus X2.3.3.1 Following successful completion of Method B

Mullion—Same mullion and finish as installed for the testing the sample is immersed in room temperature tap water.
project. Cut-off remnants from the fabrication process often are X2.3.3.2 The sample is immersed for a period of 1 or 7

saved for this purpose. ; o )
X2.2.2.1 Primer, as used for the joint, if required. days, as determined by the specifying authority.

X2.2.2.2 Bond Breaker TapePolyethylene or Teflo® self- X2.3.3.3 After immersion for the specified time period,
adhesive tape. remove the sample from the water, pat dry, and immediately lift

X2.2.2.3 Sealant same sealant material as installed in thel€ Sealanttab off the bond breaker tape and pull firmly at a 90°

structural joint. angle. L
X2.2.2.4 Spatulg any suitable item to permit tooling of the ~ X2.3.4 Results—If substrate adhesion is acceptable, the

S X2.3.1 Scope—The sample used for Method B, provided it
does not fail adhesively, can be used for this Method, which
ﬁdds a water immersion step and another pull test.

sealant. sealant will tear cohesively (Fig. X2.2c¢) within itself before
X2.2.2.5 Knife, of appropriate length with a thin sharp releasing from the substrate adhesively (Fig. X2.2b).
blade. X2.3.5 Report—File the adhesion test number, date, sealant
X2.2.3 Procedure lot number(s), test results (cohesive or adhesive failure), and
X2.2.3.1 Clean, and if required, prime the adhesion surfacether pertinent information in a QC document for future
following the project-specific recommended procedures. reference.
Test Piece

Flat Test Polyethyl
Surface hoot Pull back o Pull back
Sealant \QG, degrees Sealant U degrees
Bead \‘

N
Tooled Sealant

U ~ T —~
Glass, Metal or ~ Polyethylene Glass, Metal or  Polyethylene
Stone Sample Sheet Stone Sample Sheet
(a) Test Panel (b) Adhesive Failure (c) Cohesive Failure

FIG. X2.2 Nondestructive Hand Pull Test
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X3. TEST METHOD TO DETERMINE THE SKIN-OVER TIME OF A SEALANT

X3.1 Scope X3.3 Procedure

X3.1.1 This test method is to check sealant working time. X3.3.1 Spread a 2-mn¥{e-in.) thick film of sealant on the

Any great variation (excessively long times) in the skin-overPlastic sheet. _ _
time may indicate that the shelf-life of the sealant has been X3.3.2 Every few minutes, touch the sealant surface lightly

exceeded or its storage conditions were not within the mandith a tool.

facturers acceptable limits. X3.4 Results
X3.4.1 When the sealant does not adhere to the tool, the
X3.2 Apparatus sealant has skinned over. Note the elapsed time for this to
X3.2.1 Sealant—Material to be tested as extruded from the occur.
dispensing apparatus. X3.4.2 If a skin has not formed within the structural sealant

manufacturer’s published acceptable time limits, do not use

X3.2.2 Spatula—Any suitable item to permit tooling of the '™ .
this material, contact the sealant manufacturer.

sealant.
X3.2.3 Plastic Sheet- Polyethylene or other material that X3.5 Report

will permit removal of the cured sealant. X3.5.1 File the skin-over time test number, date, sealant lot
X3.2.4 Tool—Any suitable item to be used when touching number, test results, and other pertinent information in a QC

the sealant. document for future reference.

X4. TEST METHOD TO DETERMINE THE ELASTOMERIC CHARACTERISTICS OF A ONE-COMPONENT SEALANT

X4.1 Scope X4.3.2 Peel the sealant off the sheet.

X4.1.1 This test method is to check a sealant's cure and X4.3.3 Stretch the sealant slowly to determine if it has cured
elastomeric characteristics. If the sealant sample from th@nd has the characteristics of an elastomeric rubber. An
skin-over time test method has skinned over successfully, glastomeric rubber should be able to be stretched to just below

may be used for this method; if so, start at X4.3.2. its breaking point, and when the applied stress is released, it
should return approximately to its original length.
X4.2 Apparatus
X4.2.1 Sealant—Material to be tested as extruded from the X4.4 Results
dispensing apparatus.

. . . . X4.4.1 If the sealant stretches and does not break, it has
X4.2.2 Spatula—Any suitable item to permit tooling of the

cured. If it breaks or does not stretch, do not use this material.

sealant.
. . Contact the sealant manufacturer.
X4.2.3 Plastic Sheet- Polyethylene or other material that
will permit removal of the cured sealant. X4.5 Report
X4.3 Procedure X4.5.1 File the elastomeric test number, date, sealant lot
X4.3.1 Spread a 2-mni/4s-in.) thick film of sealant on the number, test results, and other pertinent information in a QC
plastic sheet and allow to cure for 24 h. document for future reference.

X5. TEST METHOD FOR DETERMINING THE DEGREE OF MULTICOMPONENT SEALANT MIXING (BUTTERFLY TEST)

X5.1 Scope X5.3 Procedure
X5.1.1 This test method determines the thoroughness of x5 3.1 Fold the piece of paper in half across the lengthwise
mixing of a multicomponent sealant. dimension. Dispense a bead of sealant approximately 203-mm

(8-in.) long onto the crease in the paper (Fig. X5.1a). Fold the
paper, and pressing on the surface, smear the sealant bead to a
thin film roughly equivalent to a semicircle in shape (Fig.
X5.1b). Unfold the test specimen (paper) and inspect the
formed sealant smear visually (Fig. X5.1c and d).

X5.2 Apparatus

X5.2.1 Paper—Heavy, plain white, bond paper 216 by 280
mm (82 by 11 in.).

X5.2.2 Sealart—Material to be tested as extruded from the
dispensing apparatus.
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X5.4 Results

X5.4.1 If the sealant smear is a uniform dark color, the
sealant is mixed properly and ready for production use. If the
sealant is inconsistent in color or has streaks of different colors,
the sealant is not mixed adequately and should not be used.

X5.4.2 If the sealant is mixed inadequately, as described in
Poorly mixed sealant X5.4.1, repeat X5.3.1 and X5.4.1 after additional sealant has

]
1

Apply sealant to
creased white paper

with white streaks been purged from the dispensing apparatus. If streaks or color
(@ inconsistencies continue to be present, equipment maintenance
© may be required, that is, cleaning of the static mixer, dispens-

ing hoses, dispensing gun, or ratio system ball check valves.
Consult the equipment manufacturer for maintenance require-
ments.

X5.5 Report

X5.5.1 Retain and mark the test specimens, in opened
configuration with the date, sealant lot numbers, and other
pertinent information and file the information in a QC docu-
ment for future reference.

.

1
L

Press together Well-mixed sealant

(® ()]
FIG. X5.1 Butterfly Test

X6. TEST METHOD FOR SNAP-TIME OF MULTICOMPONENT SEALANTS

X6.1 Scope

X6.1.1 This test method determines whether the rate of cure
of a mixed sealant sample is within the sealant manufacturer’s
written specifications.

X6.2 Apparatus

X6.2.1 Paper Cup—Small paper cup of approximately
180-mL (6-0z) capacity.

X6.2.2 Spatula—A wooden paint stirring stick, for ex- Freshly-mixed - Seaiant tears
ample. sealant Beginning cohesively
X6.2.3 Sealart—Material to be tested as extruded from the
dispensing apparatus. (a) () (©

FIG. X6.1 Snap Time Test
X6.3 Procedure P

X6.3.1 Fill the cup approximately two-thirds to three- o
fourths full with sealant from the dispensing apparatus (Fig, X6-4-2 If the snap time is different from the sealant manu-
X6.1a). Insert the spatula vertically into the center of the Cupfacturer s specified value for the particular sealant component

Periodically attempt to remove the spatula from the sealant, Mix ratio, contact the sealant manufacturer for guidance and
inspect the dispensing equipment to determine the cause of the

X6.4 Results discrepancy, that is, sealant components out of shelf-life,
X6.4.1 If the sealant strings and does not tear within itselfequipment adjustment, or maintenance.

(cohesively) when the stick is pulled from the sealant, the

sealant has not snapped (Fig. X6.1b). Continue periodi&6-5 Report

testing. The time, in minutes after filling the cup, at which the X6.5.1 File the snap time test number, snap time in minutes,

sealant does tear within itself, and does not string, is termed theate, sealant lot numbers, and other pertinent information in a

shap time (Fig. X6.1c). QC document for future reference.
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