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QH”) Designation: C 1249 — 93

Standard Guide for
Secondary Seal for Sealed Insulating Glass Units for
Structural Sealant Glazing Applications *

This standard is issued under the fixed designation C 1249; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Secondary Sealent
. . . . . . . /Contact Width
1.1 This guide covers design and fabrication considerations
for the edge seal of conventionally sealed insulating glass
units, herein referred to as IG units. The IG units described are Primary Sealant

used in structural silicone sealant glazing systems, herein
referred to as SSG systems. SSG systems typically are either Glass Lite
two or four sided, glazed with a structural sealant. Other v -
conditions such as one, three, five, six sided may be used. Secondary G e e Spacer

1.2 This guides does not cover the IG units of other thanSealont ————- - % p .
conventional edge seal design (Fig. 1); however, the informa- e
tion contained herein may be of benefit to the designers of such
IG units. . . m\—ﬁlass Lite

1.3 In an SSG system, IG units are retained to a metal
framing system by a structural seal (Fig. 2). The size and shape
of that seal, as well as numerous other SSG system design
considerations, are not addressed in this guide.

1.4 The values stated in Sl units are to be regarded as the
standard. The values given in parentheses are for information
only.

—~—————Seoled Space

FIG. 1 Sealed IG Edge Seal: Basic Components

C 1184 Specification for Structural Silicone Sealdnts
E 631 Terminology of Building Constructiofis
E 773 Test Method for Seal Durability of Sealed Insulating
Glass Unit$
1.5 This standard does not purport to address all of the E 774 Specification for Sealed Insulating Glass Units
safety problems, if any, associated with its use. It is the 2-2 Other Standards: ,
responsibility of the user of this standard to establish appro- Sigma 73-8-2B  Test Methods for Chemical Effects of
priate safety and health practices and determine the applica- ~ ©12zing Compounds on Elastomeric Edge Seals

bility of regulatory limitations prior to use. 3. Terminology

2. Referenced Documents 3.1 Definitions:
2.1 ASTM Standards: 3.1.1 Refer to Terminology C 717 for definitions of the

C 639 Test Method for Rheological (Flow) Properties 0ffollowi_ng terms used in_t_h_is guide: adhesi_ve failure, bead,
Elastomeric Sealarts cohesive failure, compatibility, cure, elongation, gasket, glaz-

C 679 Test Method for Tack-Free Time of ElastomericiNg, joint, lite, modulus, non-sag sealant, seal, sealant, sealant
Sealantd backing, setting block, shelf-life, silicone sealant, spacer,
C 717 Terminology of Building Seals and Sealdnts structural sealant, substrate, tooling, and working life. Refer to

C 794 Test Method for Adhesion-in-Peel of Elastomeric T€rMinology E 631 for the definition of sealed insulating glass
Joint Sealants as used in this guide.

C 1087 Test Method for Determining Compatibility of 3-2 Definitions of Terms Specific to This Standard:
Liquid-Applied Sealants with Accessories Used in Struc- 3.2.1 desiccamt—a hygroscopic material that adsorbs water
tural Glazing Systen?s or may adsorb solvent vapors, or both (see Fig. 1).

C 1135 Test Method for Determining Tensile Adhesion 3.2.1.1 Discussior—The desiccant maintains a low relative

Properties of Structural Sealafts humidity in sealed insulating glass.
3.2.2 primary seal—A joint seal of which the sealant resists

moisture vapor permeation into the desiccated space of sealed

1 This guide is under the jurisdiction of ASTM Committee C-24 on Building . . .
Seals and Sealants and is the direct responsibility of Subcommittee C24.35 OWSUIatmg glass (See Fig. 1)'
Structural Sealants.

Current edition approved Sept. 15, 1993. Published November 1993.
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Applied Lateral Load Weather Sealant

Seolent Backing
Insulating Glass Unit - See Fig.1
Vg /For Component Descriptions

Spacer Gasket /% P AN L %
/

Structural Seolont — | &‘Yl_/
Structural Sealent

Framing System Contact Width
Metal Mullion

FIG. 2 Typical A-Side SSG System Mullion: Horizontal Section (Vertical Joint)

3.2.2.1 Discussior—It also resists inert gas permeation (for 4.3 Information is also provided on the other major compo-
example, argon) from the I1G unit sealed space if the intent is tments of the IG unit edge seal, compatibility of components,
use an inert gas. durability, and quality assurance (QA).
3.2.3 secondary seata joint seal of which the sealant . .
structurally unites the two glass lites and spacer of sealea' Insulating Glass Unit
insulating glass (see Fig. 1). 5.1 Insulating Glass Unit ComponentsThe edge seal of an
3.2.4 spacer—a fabricated shape that creates an appropriat®SG system IG unit consists of the two lites of glass, spacer,
distance between two lites of glass in sealed insulating glasgesiccant, primary sealant, and secondary sealant (F{d).1)
(see Fig. 1). This type of IG unit is referred to commonly as a dual-seal unit
3.2.4.1 Discussior—As a component of the edge seal sys-in that it has separate primary and secondary seals. A single-
tem, the spacer also resists vapor migration into sealed insg€al IG unit is inappropriate at this time for SSG systems and
lating glass and provides a container for a desiccant. should not be used. The following sections describe the
3.2.5 structural seal-a joint seal of which the sealant components of a dual-seal IG unit briefly.
structurally adheres an IG unit to a metal framing system (see 5.2 Glass and Architectural Coatings
Fig. 2). 5.2.1 Glass—All types of glass have been used in the
3.2.5.1 Discussior—The structural seal transfers applied fabrication of IG units, including monolithic, laminated, tem-
loads to the framing system as well as accommodates diffeered, heat-strengthened, tinted, heat-absorbing, light reduc-
ential movements between the IG unit and the framing systeming, patterned, and wired. Aimost all glass is produced by the

3.3 Symbols:Symbols: float manufacturing process, in which the glass ribbon that
3.3.1A = area, M (in.?). emerges from the furnace is floated on a bath of molten tin,
3.3.2 C, = sealant contact width, shear, mm (in.). allowing gravity to produce essentially flat parallel surfaces.
3.3.3 C, = sealant contact width, tension, mm (in.). 5.2.2 Architectural Coatings-These coatings, which are
3.3.4 D = design factor, dimensionless. applied to the surface of the glass prior to IG unit fabrication,
3.3.5 F, = allowable shear stress, Pa (psi). are generally grouped into one of two categories: low-
3.3.6 F, = allowable tensile stress, Pa (psi). emissivity or reflective. They are both metallic or metallic
3.3.7 F, = yield stress, Pa (psi). oxide materials and in some cases are in multi-layers, depos-
3.3.8 H = height, m (ft). ited onto or into a glass surface. The coatings are deposited
3.3.9 L = perimeter length, m (ft). primarily by two methods: magnetic sputtering onto the glass
3.3.10 M = mass per unit area, N/nflb/ft?). surface and pyrolitic deposition into the glass surface. Low-
3.3.11P = applied load, Pa (Ibf/f). emissivity coatings are visually transparent and reflect long-
3.3.12W = width, m (ft). wave infrared radiation, thereby improving the thermal trans-
mittance of the glass. In general, they also decrease but to a
4. Significance and Use lesser extent than reflective coatings, visible light transmission,

4.1 It should be realized that the design of an IG unit edgé@nd transmitted solar radiant energy. Depending on lighting
seal for use in SSG systems is a collaborative effort of at leagonditions, reflective coatings are generally considerably less

the 1G unit fabricator, sealant manufacturer, and design prolfansparent than low-emissivity coatings. These coatings pro-
fessional, among others. vide a reduction in transmitted solar radiant energy, conductive

4.2 This guide provides information on silicone sealants that
are used for the Secondary seal of IG units that are glazed Into 4 The boldface numbers in parentheses refer to the list of references at the end of

SSG systems. this guide. Documents
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heat energy, and visible light into the building interior. Ceramicseal) have the required durability for the application and are the
enamel, silicone, and pressure-sensitive vinyl and polyestarnly sealants permitted for SSG systems.

film are applied to the surface of glass to make spandrel glass. 5.7 Enclosed Gas-The IG unit sealed space encloses a gas

5.3 Spacer—Spacers are fabricated primarily from roll- such as air, argon, krypton, or sulfur hexafloride. Air is

formed hollow metal shapes and are available in numerougormally used if conventional thermal resistance properties are
profiles, depending on the application. Metals typically usedequired. Argon and krypton are used to increase the IG unit
are aluminum, both mill finish and anodized, galvanized steelthermal resistance. Sulfur hexafloride is used in applications in
and stainless steel, with aluminum used predominately. Th#hich increased resistance to sound transmission is necessary.
spacer establishes the size of the sealed space, providédien using gases other than air, the IG unit edge seal system
surfaces for installation of the primary sealant, is hollow formust be capable of retaining a substantial percent of the gas for
desiccant installation, and forms the third surface of the cavityhe life of the IG unit; otherwise, thermal or sound transmission

created at the edge of the glass lites for installation of th¢performance will decrease to an unacceptable level.
secondary sealant. 5.8 Breather and Capillary Tubes

5.4 Desiccant—These substances are hydrophilic crystal- 5.8.1 Breather Tube—A breather tube is a small tube or hole
line materials that are installed into the hollow of the spacerthat is factory-placed through the spacer of the IG unit to
usually on at least two sides of the IG unit. Commonly useciccommodate an increase in sealed air space pressure when an
desiccants are molecular sieves or a blend of silica gel withG unit is shipped to a higher elevation than where fabricated.
molecular sieves. Their purpose is to adsorb residual water an'¢ breather tube allows the sealed air space pressure to
solvent vapor in the sealed space immediately after fabricatiofdualize to the atmospheric pressure at the installation site. The
of the IG units. They also maintain a low relative humidity in breather tube is sealed prior to the IG unit installation. Special
the sealed space for the life of the IG unit by absorbingsea|‘3d space gases (see 5.7) cannot be used in IG units that
infiltrating moisture vapor. have breather tubes.

5.5 Primary Sealant-This sealant provides a high level of tugésbzf C;?)'Zig?izy l-(l; L:mt;?;:r?gpiw;:jyet%?:rritirV(targttri].l,n fggtrgry
moisture vapor migration resistance and controls and mini- . . )
P 9 laced through the spacer of the IG unit. A capillary tube

mizes gas and solvent migration into the IG unit sealed spacé. .. ; ; AT
The sealant also acts as a barrier to the permeation of ine Ifills the same function as a breather tube and, in addition, is

gases (for example, argon) when these gases are used in {ﬁg open afFer installation to permifc the _sealed space of th? IG
sealed space of the IG unit. The sealant is designed to fill thigh't to continue to pressure equalize with fluctuating ambient

space between the sides of the spacer and the faces of the tfyiy pressure. Special sealed space gases (see 5.7) cannot be

glass lites and to develop adequate adhesion to the surfacesl{ﬁed in IG units that have capillary tubes.

both materials. The primary sealant must also have sufficiense-oNDARY SEALANT DESIGN CONSIDERATIONS
movement capability to not fail due to limited differential

movement that may occur between the spacer and the glags Structural Properties

lites. Polyisobutylene-based materials have been found to be6 1 General

very suitable for this purpose. The primary sealant contributes .’

. X . 6.1.1 The design of an IG unit edge seal parallels the
little to the structural function of transferring lateral loads andmethodology used for the design of the SSG system structural

i J%int that adheres an IG unit to a framing system. SSG system
are fulfilled by the secondary sealant. structural sealants must meet the requirements of Specification
5.6 Secondary Sealant C 1184. Presently, there is no comparable specification for
5.6.1 This sealant transfers negative lateral loads, occurringealants used for the secondary sealant of IG units; however,
on the exterior lite of glass, to the interior lite of glass, whichsealants should meet the requirements of Specification C 1184

then transfers the load to the structural sealant that adheres tf@s a minimum) in the absence of another applicable specifi-
IG unit to the metal framing system. It also functions as thecation.

adhesive that unites the two glass lites and spacer together ass.1.2 The following sections provide the design profes-
a unit and prevents excessive movement from occurring in theional with information on the design of the IG unit edge seal
primary seal(2). The secondary sealant must maintain ad-secondary sealant regarding the following: allowable tensile
equate adhesion to the glass lites and spacer and also maint@tﬂeng’[h; modulus properties; appropriate design factors; and
other performance properties, such as strength and flexibilitdesign of the secondary sealant for the effects of shear stress,
after prolonged environmental exposure. Failure of the secondensile stress, and combined stresses.
ary seal to do so could result in excessive movement in the 6.2 Sealant Yield StressThe minimum sealant yield stress
primary seal and fogging of the IG unit or adhesive or cohesivgF ) (or tensile adhesion value) is determined by Test Method
failure of the secondary seal and catastrophic failure of the I& 1135 by pulling to failure small laboratory specimens of
unit. sealant having a cross-section similar (but not necessarily
5.6.2 Four generic classes of sealants are used presently fidientical) to that used in a structural seal. Sealant manufactur-
a conventional IG unit edge seal system (non-structural seaérs usually report this value in a table of performance criteria
ant). These sealants are polysulfides, polyurethanes, hot-méttr a particular sealant. An example of a sealant manufacturer’'s
butyls, and silicones. For SSG systems, only IG units with aeported value foF, would be 896 kPa (130 psi) for a two-part
dual-seal (polyisobutylene primary seal and silicone secondaryigh-modulus sealant. DOCU ments
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6.3 Sealant Tensile Stress particular SSG system and IG unit requirements.
6.3.1 The allowable sealant tensile stre$s) (for SSG 6.4 Design Factor
stress k) by an appropriate design factdp)((Eq 1)). 4 to 12 was originally selected for the structural sealant during
F,=F,/D (1)  the beginnings of SSG technology. This range recognized the
6.3.2 For example, using a manufacturer's published ultimany variables and unknowns, such as determining applied
mate stressH,) for a sealant of 559 kPa (80 psi), with a design loads and load distribution accurately, the relatively poor tear

factor ) of 4.0, and substituting these values into (Eq 1) strength if three-sided adhesion occurred, and the difficulty of
results in the folllowing: "determining the actual sealant stress. This approach is consis-

tent with traditional engineering practice, in which uncertainty

Fi = 559/4.0= 138 kPa @ and unknowns are mitigated to a certain extent by using a
or design factor, sometimes referred to as a safety factor. The
F, = 80/4.0= 20 psi 3 design factor can be determined by using (Eq 1) and solving for

6.3.3 Current industrv practice for the structural seal of anD' It should be noted, however, that higher-strength sealants do
o yp not improve the probability of attaining and maintaining

SSG system, which was determined empirically, is to limit the ) . .
value ofF, to 138 kPa (20 psi). The SSG system structural Seiﬁng term sealant adhesion. Adhesion concerns are decreased

: . N ; . : lower design stres$). Since adhesion is one of the primar
contact width (F'g' .2) IS u_suall_y esta.bhsh.ed using the applie gncerns in e?/ery asz[éct of structural glazing, a highper des>i/gn
lateral _Ioad, acting in tension, in conjunction with the 138 kPafactor is best achieved by using smaller desién streggps (
(20 psi) tensile stress. Additional contributory stresses from, 6.42 F e f | in whigh — 896 kP
for example, thermal movement, dead load (see 6.6), sealant =™ s ?/(/it?]xgrcgll?é gg ii%aS?(rgalrEZ\(l)v Isisj e valueaof
cross-section dimension, non-linear glass deflection und PSt), t psi),

load, internal sealant stress due to cure shrinkage, prestress n\.N'”. be 6.5. If.a different sealant, in Wh'(.:ﬁu is 345 kPa (30
sealant due to differential building component movement, antﬁ’s!)’ is used with a Va'“e. O.f 2.5 T(D’ Fy will be 138 _kPa .(20
variation in sealant physical properties can also influence thidS): Presently, a lower-limit design factdb) of 2.5 is being
value. If these additional factors are a significant concern, a sed for S5G system §tructural sealants. This lower limit is
allowable tensile stres&) of below 138 kPa (20 psi) may be ased on the following: the_ successfull performance of SSG
appropriate for the SSG system structural seal sealant. system structural sealants since approximately 1972, advances

6.3.4 Regarding the secondary sealant for IG units, some | at have occurred in adhesion technology, and the implemen-

unit fabricators recommend using valuesf@such as 207 kPa ation of QA programs. Higher design factors are not to be
(30 psi) in lieu of the more conservative 138 kPa (20 psi) valueConStruecj as rat|onale.t0 change the design stfgse values
used for the SSG system structural seal. The rationale for usin%j)ove 138, kPa (29 p§|). i ) )
higher values foF, is the already high quality of the fabrica-  6-4-3 It is not within the scope of this guide to specify a
tor's QA program for fabricating the 1G unit edge seal. BetterParticular deS|gn factor for the_ IG unit secondary se_alant. This
QA results in more consistent adhesion of the secondar§hould be an informed decision made by the design profes-
sealant, and higher values 5 can therefore be maintained Sional, in conjunction with the .stru_ctural sealant manufacturer
reliably. In addition, the cladding design load is usually chosernd |G unit fabricator, considering, among other factors:
as the maximum to occur in a 50 or sometimes 100-year returRUilding code requirements, degree of risk, and the particular
period. Because of this, the actual tensile stress on thgSC System and IG unit requirements.
secondary sealant is typically a lower value and in some areas 6.5 Sealant Modulus and Joint Stiffness
a relatively small percentage of the value. If a value of, in 6.5.1 The design of the structural seal in SSG systems
excess of 138 kPa (20 psi) is proposed, it must be evaluateghould consider the relationships of joint shape, joint stiffness,
carefully. This careful evaluation is especially significant sinceand sealant modulus so that the outward movement of the
F, does not give significance to the additional stress factorperipheral edge of the IG unit, by an applied lateral load, is no
discussed in 6.3.3. more than 1.6 mm¥sin.) for a glass lite nominal thickness of
6.3.5 Presently, for the IG unit secondary sealant, the stressmm (%4 in.). Test Method C 1135 can be used to determine
in the secondary sealant is usually limited to 138 kPa (20 psi)hat the elongation of the structural sealant at 138 kPa (20 psi)
The applied lateral load, which is shared between the two litets less than 1.6 mm¥s in.). The 1.6-mm ¥1e-in.) movement
of glass of the IG unit, in conjunction with the 138 kPa (20 psi)or sealant elongation is related to the position and support
limit, is used to calculate the secondary sealant contact widthrovided to the outer lite of the IG unit by setting blocks that
required to resist the applied lateral load (see 6.7). This equare recessed from its outer face, usually by one-half the
load sharing is applied only when the two lites are of equahominal glass thickness. If outward movement is excessive and
thickness. the IG unit outer lite drops off the setting blocks, it could cause
6.3.6 It is not within the scope of this guide to specify aa failure of the IG unit edge seal.
particular tensile stres${) for the IG unit secondary sealant.  6.5.2 From the above discussion, it should also be apparent
This should be an informed decision made by the designhat the outward, and in some cases downward (see 6.6),
professional, in conjunction with the structural sealant manumovement of the outer glass lite of an IG unit relative to the
facturer and IG unit fabricator, considering, among otherinner lite, under the influence of the applied lateral load, must
factors: building code requirements, degree of risk, and thalso be limited. Detrimental movemenlD)oéﬁmel‘ntts
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