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Current design methods and the impact of membrane stress on the
performances of structural silicone are discussed and reviewed in this paper,
which was presented at this year’s Glass Processing Days conference.
Developments are on the way to integrate new design methodology,
incorporating strain in structural silicone. Quality control as an imperative
part of the process, potential problems with poor mixing and their impact
on the performance of the glass panel, as well as examples of failures
due to poor mixing are examined critically.

Dr. Werner Wagner*, Dr. Leon Jacob**
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NTRODUCTION
The history of structural glazing start-

ed in the United States as very simply
constructed single glazing in 1963, and then
spread all over the world. Thousands of façades
have been realized with this technique, main-
ly in high-rising buildings. The creative pos-
sibilities that structural glazing affords to
architects have earned it a firm place in their
repertoire of techniques. Nevertheless, any
structural glazing system has to be designed
properly according to a practical and easy
application of the sealant and a durable long-

living bonding of the vulcanisate. Many expe-
rienced façade manufacturers use well-designed
SG systems, but also many applicators are
applying for approval of new, more or less inno-
vative SG systems - and many of them neglect
the basic principles.

FUNDAMENTALS OF STRUCTURAL SEALANT
GLAZING

A renowned Silicone sealant manufacturer has
summarized the fundamentals for some basic prin-
ciples for structural sealant glazing, which
should be taken into consideration in order to
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finish a project successfully and to grant a rea-
sonable life time for the façade.
a) Use structural glazing techniques that are

officially approved.
b) Use silicone materials which meet the high-

est requirements for mechanical strength,
weathering resistance, adhesive strength
and durability.

c) Ensure perfect adhesion through careful
choice of substrates, appropriate surface
treatment and careful workmanship.

d) Only use products that have been industrially
manufactured according to approved process-
es and under controlled conditions. Quality
assurance is imperative!

e) Calculate the joint dimensions individually
for each project, following the technical
specifications for the particular silicone
material used.

f) Where possible, use factory-bonded modules.
g) Ensure that the dead load of the glazing

units is transmitted to the support structure
via setting blocks or the like.
This paper shall provide an in-depth look
on the fundaments.

FUNDAMENTAL A: OFFICIAL APPROVALS
- Use structural glazing techniques that are

officially approved.

In many countries there are no official author-
ities for the approval of SG systems. It is up to
the silicone suppliers to approve the SG sys-
tems. Nevertheless, there are countries such as
Germany where all the system details are described
and fixed in official approvals given by the
DIBT, Deutsches Institut für Bautechnik, Berlin.
The system supplier has to deliver drawings of
the system sections and accurate descriptions
of manufacturing procedures and all materials used
in the façade, including support frame material,
silicone sealants, spacer tapes and other acces-
sories. All glass types approved for the individ-
ual system are listed in appendix A. Prerequisite
for the material listing is an extensive test pro-
cedure according to Guideline ETAG No. 002
(1998)[2] issued by the European Organization for
Technical Approvals (EOTA). This approval
procedure will be reviewed and harmonized for
all European countries participating in EOTA.

FUNDAMENTAL B: SILICONE SEALANTS
- Use silicone materials which meet the high-

est requirements for mechanical strength,
weathering resistance, adhesive strength and
durability.

For their use in structural glazing applica-
tions, silicone sealants are the only interna-
tionally approved sealants for both the insulating
glass secondary seal and the structural bond-
ing. The reason becomes obvious when con-
sidering the most severe environmental factors
in outdoor climates[1].

Sunlight
Highly energetic UV-radiation can initiate pho-

tochemical reactions like chain scission, crosslink-
ing, formation of low-molecular compounds
and modification of existing or formation of new
functional groups. This may not only change the
sealant properties but even damage them. Sil-
icone sealants are by far the most resistant
sealants to UV-exposure due to the inorganic
backbone of Si-O-Si units. 30% more energy is
necessary to crack this Si-O-Si backbone if
compared to the organic C-C backbone of
polyurethane and polysulfide, which are main-
ly used in residential insulating glass units.

Oxygen and ozone
These reagents are causing polymer degra-

dation of the organic sealants. Mainly,
polyurethane (PU) is very sensitive to oxidis-
ing agents, which make the sealant surface brit-
tle (mudcracks, see Fig. 1) and reduce the resist-
ance even to wind erosion, especially in sandy

Fig. 1
Mud cracks 
in PU after 
UV exposure
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regions. But also polysulfide is severely attacked
by oxidising agents. Especially in combina-
tion with UV-radiation, wrinkles and cracks
appear on the surface giving an ‘orange peel’.

Water and water vapour
Water can hydrolyse not only the chemical

bonds of every sealant’s polymer backbone
but also the bonding of the sealants to the sur-
face. This phenomenon may appear even at
room temperature and causes both cohesive
and adhesive failure. Polyurethane is the most
sensitive sealant to this environmental influence.

The polymer matrix of silicone and poly-
sulfide is stable up to 90°C. But detailed inspec-
tions show that even silicones are weakened by
a continuous exposure to water. Therefore,
efficient draining of the structural joint is essen-
tial for structural glazing conditions.

Sealants used in SG applications should at last
meet the requirements of the ETAG No. 002[2]

or ASTM C 1135.

FUNDAMENTAL C: SUBSTRATES AND
TREATMENT
- Ensure perfect adhesion through careful

choice of substrates, appropriate surface
treatment and careful workmanship.

Once applied as a paste, the sealant should
not only vulcanise but also fix the glass pane
to the frame material. This can only be guar-
anteed when the sealant adheres sufficiently to
the substrate surfaces and the substrates are
resistant to surface corrosion and disintegra-
tion at the same time.

Treatment of substrates
Cleaning: Due to the various chemical prop-

erties of the substrate surfaces, the bonding of
silicone sealants is very different on the indi-
vidual substrates. But, for an excellent adhesion
on every substrate, a careful cleaning with suit-
able solvents is crucial. The solvent shall not
attack the sometimes sensitive surface, e.g.
powder coated aluminium. The so-called two-
cloth method is state-of-the-art.

Priming: Some substrates, e.g. aluminium pow-
der coatings, require priming to enhance the adhe-
sion of the sealant to the substrate. These

primers form a resin film which, once applied
too thick, gets very brittle (see Fig. 2) and thus
prevents a durable bonding to the surface. Not
only the drying time of the primer is crucial for
a durable adhesion, but also the time between
primer and sealant application.

In both cleaning and priming, the recom-
mendations in the datasheets and handbooks of
the sealants manufacturer must be strictly followed.

Glass types and coatings
Structural glazing silicone sealants form a

durable bonding to clear float glass no matter
if being applied on float or air side. But a
façade has not only a visual effect on the build-
ing but also the function of thermal insulation,
which is mainly achieved by the use of multi-
functional glasses with reflective coatings.

Pyrolytic coatings of metal oxides are applied
on the float glass just after the float process, when
the glass is still very hot. This makes the coat-
ings very durable and appropriate for struc-
tural glazing. The adhesion of silicone sealants
on any hard coating has to be checked by the sil-
icone manufacturer for each individual project.

Magnetron coatings consist of thin layers of
noble metals (e.g. silver in low-E coatings),
which are not resistant to environmental influ-
ences like oxygen and acid rain. This causes
surface corrosion and a gradual loss of adhe-
sion. Nowadays, a few glass suppliers have
developed new generations of these so-called
soft coatings which are resistant to these influ-
ences and thus also suitable for structural
glazing. But this variety of coating requires great
efforts in adhesion testing. It is no longer a rule

Fig. 2
Excessive
primer
application
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suitable for structural glazing.

Enamels are used as a durable spandrel coat-
ing. Many types and colours with different
chemical properties are available which again
require a lot of case-by-case testing.

Metal frame substrates
The most commonly used frame material in SG

systems is aluminium. Besides staineless steel,
it is the only frame material approved by EOTA.
In the anodizing process, the surface of mill-fin-
ished aluminium is covered with a resistant alu-
minium oxide film which protects the alumini-
um from natural corrosion. In the seal bath, the
porous oxide is smoothed and stabilized. Addi-
tives of the seal bath, such as organic dyes and
detergents, can reduce or even prevent adhe-
sion. Time and temperature of the seal bath
influence the growth rate of adhesion consider-
ably. As the anodizing process includes many
parameters influencing the adhesion of silicone
sealants, a well-organized quality control is
important during the manufacturing of both alu-
minium profiles and structural glazing units.

Aluminium powder coatings, namely fluo-
rocarbon and polyester, have proved to be
resistant coatings for SG application. Never-
theless, they are not yet approved by EOTA.
A test programme is going to be finished soon,
taking into consideration mechanical damage
of the coating (simulated by cross scratches)
and its reaction to environmental influences like
acidic rain (simulated by diluted sulphuric
acid). Most silicone sealants require priming
for a durable bonding on these metal finishes
(see above: Treatment).

FUNDAMENTAL D: QUALITY ASSURANCE
- Only use products that have been industrially

manufactured according to approved process-
es and under controlled conditions. Quality
assurance is imperative!

An effective quality control is inevitable as
the application of two-component sealants
may have irregularities. The EOTA Guide-
line No. 002 (1998, Table 10 p.60) gives very
detailed recommendations and a time sched-
ule for quality checks. This guide is part of a

procedure evolved in Europe to guarantee
high quality in structural glazing applications.
It consists of both internal checks at regular inter-
vals during the unit production, proving sealant
quality, mixing quality (by butterfly or glass
plate test) and adhesion to the substrates (by
peel test), and a measurement of mechanical
properties (by evaluation of tensile strength with
H-specimens) by institutes or by the sealant man-
ufacturer. A strict recording is required for
the final approval of the project by official
authorities. In many countries, even the sealant
manufacturers are audited either by official
authorities complying in general with ISO
9000 or by institutes especially dedicated to and
equipped for sealant testing.

FUNDAMENTAL E: JOINT CALCULATION
AND SYSTEM DESIGN
- Calculate the joint dimensions individually

for each project, following the technical
specifications for the particular silicone
material used.

The most commonly used SG system, is
shown in Fig. 3. The symmetrically designed insu-
lating glass is supported mechanically.

In the symmetric SG system, both the IG joint
and the SG joint are structural bonds and have
to meet SG requirements regarding mechani-
cal and weathering properties. But, whereas the
SG joint has to resist only dynamic wind
loads, which are considered in the Formula 1,
the IG secondary seal has to take wind loads
and climatic loads due to encapsulated gas
volume. Both loads shall be described and
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Fig. 3 - Symmetric SG system



there if the ‘weather seal segment’ is dimensioned
too narrow for extreme thermal movement.
The insert of a backer rod and the use of a low
modulus weather seal is recommended (see
Fig. 5b). Of course the glass panels must sit on
setting blocks and not only on the weather seal.

In all symmetric systems described so far, the
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calculated in the prEN 13022 [3] which is under
preparation by CEN TC 129/WG 16.

Formula 1: h=axw / (2xσdyn)

h height of SG sealant
a length of the short span of the glass pane
w maximum of expected wind load
σdyn permissible stress on the sealant for sup-

ported design (dynamic design factor)

For the SG joint width e there is a rule of
thumb given in Table 1. This takes into con-
sideration the shear stress on the sealant caused
by thermal elongation. The bigger the glass panes
the bigger the joint height h calculated by

Formula 1, the bigger the recommended joint
width e which can cope with the greater ther-
mal expansion.

Due to a reasonable applicability of the
sealant, the height should not exceed
45 millimetres, in order to fill the gap
properly. SG units with dark reflec-
tive glass must be sealed absolute-
ly carefully. The complete bubble-
free filling should be controlled
with a torch. In joints with an
unfavourably high bite to width
ratio, formation of air pockets can
occur due to improper filling. But also
adhesive failure can occur after some days due
to shrinkage of the sealant on cure (see Fig. 4).

A real ‘sealing challenge’ is the L-shaped joint
where the SG sealant is also used as weather seal
(see Fig. 5a). As the SG sealant has a high
modulus, it does not accommodate well the
thermal expansion of the aluminium frame all
around the glass panel and causes high stress on
glass and frame. The weak point is the edge of
the IG unit (marked in Fig. 5a). Cracks will appear

h ≥ e

6 ≤ h ≤ 12 mm 6 ≤ e ≤ 12 mm

12 < h ≤ 20 mm h/2 ≤ e ≤ 12 mm

h > 20 mm 10 ≤ e ≤ 12 mm

TABLE 1

Fig. 4
Adhesive
failure in 
deep joints

Fig. 5a
Non-recommended L-shaped joint

Fig. 5b - Recommended L-shape

Fig. 6 - Stepped SG system
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IG secondary seal is exposed to both climatic
stress and wind loads. The dynamic loads on the
IG unit are prevented in stepped SG system
shown in Fig. 6 with a low modulus weather seal
instead of a high modulus SG sealant applied
inside. But the production of stepped IG units
is more difficult and expensive.

FUNDAMENTAL F: FACTORY PRODUCTION
OF SG UNITS
- Where possible, use factory-bonded modules.

• Shop glazing has important advantages to field
glazing:

- Clean and appropriate sealing and vulcani-
sation conditions can be guaranteed. 

- An effective quality control can be established
for adhesion tests during production.

- Two-part sealants can be applied with a
machine, which reduces storage time for
sealed units to 3 to 5 days compared to 3 weeks
for one-part sealants.

- The pre-manufactured units can be mounted
very quickly to the structure and the weath-
er-seal can be applied directly after the
mounting, which reduces the scaffolding
time and the price of the façade.

• Field glazing
As one-component sealants can be handled in

cartridges, they can be easily applied on the
construction site. Mainly in Asia, single- or
double-glazing units are prefixed at the con-
struction frame by auxiliaries (called dutch-
man) and then sealed with the silicone sealants.
This method is more risky than pre-manufacturing
of the units in the plant because it is sometimes
very difficult to have clean and dust-free surfaces
at proper sealing conditions. Therefore, this
structural glazing method is only recommended
for two-sided structural glazing, where two sides
of the glass units are fixed conventionally [4].

FUNDAMENTAL G: DEAD LOAD SUPPORT
- Ensure that the dead load of the glazing

units is transmitted to the support structure
via setting blocks or the like.

The mechanical support of the dead load of
the glass pane is inevitable for IG units as the

vertical stress on both the primary and sec-
ondary seal is too high to grant a reasonable serv-
ice life. If the primary seal is broken, water will
penetrate into the air gap and cause fogging.

For single-glazing, a dead load support in
general is still recommended, but it is up to
local governmental regulations and to the sealants
manufacturer to allow a non-supported SG sys-
tem. The BOTA test procedure already includes
the shear test for non-supported SG systems.
Also some long-term experience has been gained
in practical use.

SUMMARY
The diversity of materials used - traditionally

glass, aluminium, silicone and nowadays also
other materials - and the endless architectural
and design possibilities is the great attraction
but also the challenge for structural glazing. All
this requires intensive cooperation between all
those involved in the construction of a building:
architects, structural engineers, façade con-
struction engineers, glass manufacturers, build-
ing contractors and sealant manufacturers.
When all parties are aware of and obey the
fundamentals of structural sealant glazing, then
this challenging façade technique will be as
safe as conventional curtain walling.  ■
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