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A research on the optimization of the process: structural bonding of glazing in unitized curtain wall facades.
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Introduction to structural bonding
Definition and example

Definition of structural bonding

Structural bonding is the making of a bond that joins basic load-bearing parts of an
assembly, by using a structural sealant / adhesive.
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Introduction to structural bonding

Wiy?

Reason to use

The flush detall, possible by structural bonding, is a much sought appearance in
modern architecture. Also: good thermal and acoustic properties.

N\%ho\r\iw\“g Structura gb\z%l Structura gb\zw\ wih Hgbvfio\ %gg‘tb
fastened sljs-l-m wet weatherseal go\skwl— seal glazing

Ll L
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A P\(oaluc:l' o{l qyo\‘rl'lj coi\"fo‘

- ETAG 002, Part 1, Part 2 and \

Part 3

- Cahier 3488 (France) Pass-Vec

certification by CSTB
- EN and ASTM standards

- Permasteelisa Sika
Procurement Contract
including appendices

- ‘General Guidelines Structural
Silicone Glazing with Sikasil®
SG Adhesives’

J

Procedure:

Step bu step description of Hie essential steps in
Yoo%sg. Ct:r;plimwiit‘ essental 4o be o\He/i—:Fo\sswe/

Q q}w\lﬂ-g of Hiis product.

(material properties, pre~tveatment, properties of the
adhesive/sealant, environment, ede.)
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Introduction to structural bonding

Types of adhesives

2-part silicone

- Extra essential step:
the correct mixture
of the 2-parts (sealant
properties).

]
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Stick Inserted Before Snap Time
in Cup Snap Time

Snap time test

uniform black the mix is good white streaks the mix is NOT good.

Taking mixing ratio sample from mixer Butterfly test

H-sample: tension test Peel sample test: bonding test
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2-part silicone

- Extra essential step:
the correct mixture
of the 2-parts (sealant
properties).

1-part silicone Structural tape

+ Properties are fixed + Properties are fixed
- Long curing time + Fast curing
- Limited joint depth + Easier application

- Little/no experience

Less essential steps would mean a less extensive procedure ..

7
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Topic definition

Problem statement

Simple and good performing detall, yet, it demands
extensive procedures.

There might be reasons and possibilities to improve this.

" Because of the simplicity of the detail and cost driven
nature, possible improvements could be disregarded
because of a more complicated system and higher costs. ”
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Topic definition

Research Clg«%‘l'iol\

How can the process of structural bonding of glazing in
unitized curtain wall facade systems be improved?
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How and to what extend can the process be ?
Improved, merely on process level

Diffevent
Approaches

————————————
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How and to what extend can the process be improved by implementing a ?
new system and what should these improvements be

—| Variant s-l—uo\g
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How could the detailing of such an ?

improvement be

Vaviant s-l—uo\g — | Design approach

————————————
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What reasons are there to change, or to not change, the current process? In other ?
words: What benefits are needed to make a proposed improvement feasible?

v

Evo\lml-ior\

!

v Vv
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Topic definition

N\d—b\oo\ologg of vesearch

Prelimenary Research on Hhe Different Coonclusion
vesearch cuvvent sHuation Approaches
L
£ ’ — 1
<~
Y >
- > Evo\ho&-ior\
— — >
g_ 2
3 T
3 —>| Vaviant s-l—uo\g — | Design approach

————————————————————————————————————
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Research

Oviginal /cuvvent way
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Research

C/o I\"'Ql\"'

Interviews - Ibvoduction in Hhe process

Process Analysis - Procedure analysis

- Novkir\g In PVoAuc:Hor\
- Contact with other industvies

Stakeholders Analysis - Overview in inderests

Design analysis -SWOT amnalysis of the basic system

ldentification of opportunities and interests
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Research

Norkir\g in production

Ovevall Proo\uou\bili-l-g
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Norking in production

Overall Proo\uombili-l-g
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Research

Norking in production




Research
Procedure analysis - o.g tvaceability

Tests should be done on each batch of anodised aluminium (e.q. group of aluminium profiles
anodised in the same bath at the same time for one day maximum).

Bwl—oh A Bod—oh B Ba-l—oh C/

N U000 [, s
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AAvo\r\-l-o\g%:

- Less administration
- Less complications in case of a failure

- Unitisation of the process

——> Cxdusion of PYoﬁ(Q/ *l'vfo\cir\g

TUDelft &
Uni i f
" elTt wesye



Research

Design N\o\hjsis

Due to the difficulty of quality control during on site repair, a factory-glazed
replacement frame must be installed. Therefore, it is necessary to make an

assessment and to comment on the ease of future replacement.

@fD

\

Cut out the glass, if possible fiom inside.
Remove structural joint completely
(See additional instructions)

— Fo\c;l—org bonded replacement
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Automotive ino\us-l-vg

Consistent properties in Hhe prgjcw!-s?

& Au‘l"omo"’ivw

A Sd\do\daouw

Surface 1 vV Surface 1 r
Surface 2 V Surface 2

Sealant \/ Sealant \/
Procedure V Procedure r

—— Proa%s antHsadion
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C/o/\dusiol\s

Concluding from the research, improvement should be in:

- Overall produceability (working in production)

- Exclusion of profile tracing (procedure analysis)

- Replacement (design analysis)

- Process unitisation (other industries / automotive)
- Less extensive procedure (multiple)

TU Delft &
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Different
approaches

|M|>rovem\ process

y

How and to what extend can the process be ?

Improved, merely on process level .
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[1] When current contractual relations and guidelines are respected.

Limitations:

- Nol/little experimentation or innovation because of limitations by the
contractualrelations and guidelines.

- Tests and procedure imposed by Sika

- Only SG-500/550 and SG-20 by Sika are the products to use.

|MPVDVQ/A process

i |
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[1] When current contractual relations and guidelines are respected.

Possible improvements:

Digitalisation of documentation for the procedure

Practical aspects in production like the proximity of hygrometer and
thermometer

Create a basic work flow, in accordance with SIKA. This based

on a standard glueing surface, also used for traceability. Unitisastion

Outsourcing

Exclusion of the tracing of profiles

Solution for no on-site bonding. Replacement
The use of 1-part silicone when possible

|MPVoVQ/A process

i |
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Remarks:
Least intrusive measures. Procedure and contractual relations can be
kept, and process is still improved.

th $ime is available and 'H\Q/Join‘l' does not excerd 1S mm

1-part silicone

+ Properties are fixed
- Long curing time
- Limited joint depth

Delft
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[2] When the current procedure, based on guidelines and Sika is
disregarded.

Limitations:

- Only sikasil SG-500/550 and SG-20 by Sika are the products to use.

- Contractual demands by client. They might ask for compliance with
the ETAG and/or other guideliness.

- No guidance, needs own development of a system for quality
assurance and trust by client.

ImPVove,A process

i |
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[2] When the current procedure, based on guidelines and Sika is
disregarded.

Improvements:

- Other ways of testing, e.g. non-destructive testing in stead of the other
tests.

- Own quality assurance system.

|m|>vfove,A process

i |
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[2] When the current procedure, based on guidelines and Sika is
disregarded.

|MPVDVQ/A process

Remarks:
Still procedures need to be followed to assure the quality of the product.
When using a 2-part silicone it is important to assure the correct mixing. I

Therefore, this will not improve a lot.
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[3] When the current provider of sealant (Sika) is disregarded or
influenced.

Limitations:
- Obtaining warranty from the supplier, if working with sealants, or take

risks.

|m|>vfove,A sgsM/A%ign

| B
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[3] When the current provider of sealant (Sika) is disregarded or
influenced.

Improvements:
- Other types of fixation
- Other types of tests

|m|>vfove,A sgsM/A%ign

| B

TUDelft &
Uni i f
- elTt vuesye



[3] When the current provider of sealant (Sika) is disregarded or
influenced.

Remarks:
Requires a whole new warranty system with new contractual relationships

with new suppliers or an ‘automotive’ like system where the product for
fixation is trusted by tests. In that case no extensive warranty system
would be required. Yet, this might still be a too big risk to take.

|m|>vfovu1 sgdw/a\%igr\

| B
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Factors of inflaence

- Aesthetics

- PwFoYme

= P\(oo\ual'ior\

- Waste / sustainability

- Costs (labour and material)

- &M\H’g ASSUYANCY

- P\(oc%s ‘ﬂoN

~ No\rmn{-g
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esign

|M|>rovu\ sgs'l-m/ design
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|M|>roku\+s

Concluding from the research, improvement should be in:

- Overall produceability

- Less complicated quality assurance
- Exclusion of profile tracing

- Replacement

- Process unitisation

How and to what extend can the process be improved by implementing a
new system and what should these improvements be
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Design

Vaviant study
- Slider profile (adaption to the design)
- Partial framing (adaption to the design)

- Quaternario profile (adaption to the design)

- Structural tape (adaption in method)

Mullion Aetail
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_L% _u:ﬂ."i Basic system
Description:
- Half-frame system. Tolerances!
- Gasket for sealant retention
o G
l | )
I
— |
|
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Basic system
Description:

- Half-frame system. Tolerances!

31

]
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Basic system

Description:

- Gasket for sealant retention
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_I_% @ r Basic system

Advantages:

- Simple detail with minimum amount of components
- Minimal thermal bridging

Challenges and disadvantages:

- Factory replacement is not possible

- Multiple profile batches in a project, caused by the

o) < size of this profile. Batches need to be traced
throughout the project

- Application and processing of the wet 2-part
silicone sealant

A
e AN |
X VaVe

RRRRIR
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Slider profile
Advantages:

- Simple detail with minimum amount of components

- Minimal thermal bridging

- One batch in a project is possible because of the
small insert. Therefore, this does not have to be traced
throughout the project.

Challenges and disadvantages:

- Factory replacement is not possible

- Application and processing of the wet 2-part silicone
sealant

- Extra component will bring extra costs in material and
labour.

\/Wﬂ gooo\ o|>+iof\ for Hhe exclusion of PYOﬁlQ/ *l'vfd\oil\g
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Partial framing
Advantages:

- Minimal thermal bridging

- Large batch in a project is possible. Yet, This is a
bigger and more complicated insert than the slider
profile

- Replaceable

Challenges and disadvantages:

- Double work: mechanical fixation and a
structural bond

- Tolerances with replacement of an element

- Visible connection on the inside. Probable
architectural disapproval

Nal— A very good option, but is a vaviant Hhat improves
ot on Fao?»org bonded replacement and the tracing.
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Replacement

Quaternario profile
Advantages:

- Factory bonded replacement is possible
- No extra parts/cost in the first place

Challenges and disadvantages:

- In first instance it is not a solution for the tracing issue

- Stepped glass is needed for replacement which is
significantly more expensive. Yet, only a little amount
IS replaced.

- For replacement, special glass needs to be ordered
that requires special operation

- Wider non-transparent border when replaced. Visual
difference with the other panels

- Less thermal insulation when replaced

Is A gooo\ and op'l'io/\ For rwlamml—. 5%, i-l' does r‘\o-|'
solve Hhe dvaceability issue and Hhe veplaced glass
has some downsides like differing look and less
Hiermal insulation.
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Structural tape: 3M™ VHB™ Tape
Advantages:

- Simple detail

- Immediate handling strength (no cure time, faster
through-put and delivery)

- Simplified process — no mixing or curing of liquid
adhesives in the factory

- No tooling of structural sealant

- Reduced process variables/less risk

- Less waste

- No silicone testing is needed

- Cost reduction on the inspection and maintenance of
the 2 component mixer

Challenges and disadvantages:

- Tolerances are smaller because of the absence of
sealant

- The appliance of pressure on the bond, which is a
practical challenge (production)

- Replacement issue is not solved with this detall

TUDelft &
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Conclusion
Vaviand evaluadion

Variant 1.1 - Slider profile

TTF | seems

= | Variant 2.1 - VHB Tape

thvg-bonAeA e -

veplacement:
. Hhe use of Hhe small slider profile, everuthing can be
T'M'Hﬂ:‘\ \'4 ’ 50\41«1 on Hhe same batch f ghing | Traceability: X
Process oh wall <li \ ﬁ" iole im . . .
e ‘)”**%;"“""'“‘W"““ o ebder et e Pravse B+ Movsicrcorts bt e e e o8 e
Gt Yy g b E A N ¢ T e
yi\mﬁl \/Mﬂ good o(?Hon, WWW issue Additional \: ’ Teot
" ’ mmM‘l’-
\ ! ! co
\\\ )
Variant 1.2 - Parg@irami - ‘
Fackory-bon ossible with Hhe partial framing. Projeck specific problems ‘
ﬁu&w\ v s dhoil mightaccar. CAosthodic, prochcal) \\ 0
4 E ’l o ensures less batches. Yok, Hhis profile might \
Traceability T~ % ’ Ac?—\ b&nﬁ\‘ mass proubssing St \\ '
~

fﬁ;'::?::m " — Exdva labour because of Hhe pavhm‘ \ \\

‘ ‘ Cost il be higher becanse of Hhe partial frame, exhva W

‘ iy Cost - material and bﬂvonv P o~ - - - \

= S Addiond Not A vexy good option, bk is & vaviant Hak improves beHh on ~ .

! ‘ comment: factory bonded veplacement and Hhe tracing, ~ - -
Variant 1.1 - Quaternario profile I A “ I

_f =é_ Factory-bonded A very good opHon For veplacement. Initially His vaviant does -
‘ ‘ 'f::lo\:gm:\?— v not bngr\g uA-:':\hoos+. "~ s - o - - -
| N ‘- -
Traceability; X o - -
Process stays the same, On lmw Hhis changes.

ﬁ?:::::w 6-5_ » No por s::t\ﬂ iwd e«mwss of mplw.mwl—.g
Cosh ‘ +/ ‘t‘u is vaviant does not bring extva cost.
AAAi-HoM\l \ F
comment: LTS
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\/o\\(io\lﬂ' evaluation and conclusion

Slider profile Input:

- Aesthetically correct
. - Simple and cheap
devnario :
Snarernar New design - Small tracing profile
- Combination of tracing
with replacement
i;':’hm‘ - Combination with tape
for multiple purposes

How can the detailing of such an
Improvement be

TU Delft &
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38 e t%é‘ﬁiﬁ'&é?



& G
EPDM seal @ @ g
| C
vie Tape
—

Sub-frame as a
vaviant on Hhe
slider profile for
- the purpose of
factory bonded
veplacement

Gasket for Hhe
purpose of esthetics

Combination of a small, easy to
install tracer profile with the option of
factory bonded replacement in a sub
frame.
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EPDM sed

Sub-frame as a
vaviant on Hhe
slider profile for
- the purpose of
factory bonded
veplacement

Gasket for Hhe
purpose of esthetics

The use of tape for multiple
purposes. In the design the thinner
tapes gives the option of conceiled
fixation.

o

Sikasil + Tape
ga\skd-
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ED : ED

il o

(1] Eloment frame is (2] EPDM sedlis

assembled in production. applied and sub-frame is
installed bg using some
SCrems.

(3] Tape is applied 4o
Hhe frame.

(4] Glass is o\mﬂ&dg

placed and presure is

oy
(5] Installation of Hhe
go\skd-s.

(1] Facade with a
damaged gla\ss pane.

(2] Damaged glass
pane is easily removed
bg loosu\ing He serems
on Hhe inside.

(3] A new glo\ss pme is
factory bonded +o a new
SMb’FVMQ/.

(4] On site installadion
of Hhe new element by
pld\cir\g and fastening
Hhe serems.
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Sub-ﬁﬂ\mw

Sub frame Fixation

3" VHB™ Tape

Gasket For concriled Fixation
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Evaluation
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Factors of inflaence

- Aesthetics

= PWFOYMMOQ/

- P\(oo\uc;l'ion

- Naste / sus+d\ino\bi|i-|-g

- Costs ({abour and material)
- Quality assurance

~ Process flow

~ No\rmmlg

What reasons are there to change, or to not change, the current process? In other
words: What benefits are needed to make a proposed improvement feasible?

TU Delft 5o
- elTt wesye



Evaluation

Acesthetics

Sikasil SG-500 2-part silicone sealant
0, 140 kPa

d

q Bite: 17 mm + 10 mm
—>

\Joir\-‘- calculadion Thickness: 6 mm

3M™ VHB™ Tape
g, 85 kPa (60% of silicone sealant)

—— Bite: 30 mm

Thickness: 2,3 mm

wwW 005
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Evaluation

Acesthetics

Sikasil SG-500 2-part silicone sealant
Oy 140 kPa

d

q Bite: 17 mm + 10 mm
—>

\Joirﬂ- calculadion Thickness: 6 mm

3M™ VHB™ Tape
0, 85 kPa (60% of silicone sealant)

Bite: 30 mm
Thickness: 2,3 mm

wwW 005

Ao\vo\n'l'o\g%:

~  No colour mismatch as with go\skcvl-

and sealant

- Possibility for conceiled fixation

Delft
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Evaluation

PY oo\uc"’iof\

Sikasil SG-500

2-part silicone sealant

______________

______________

Frame a\ssmblg.

Surface preparation.

Prkol-ior\ +%<|-s ‘For

Hhe %Ali‘l'g ASSUYANCR

of 2-|>o\\r<|- silicone
sealant.

Placement of glass on

frame.

New design with
3M™ VHB™ Tape

______________

Frame o\ssmblg.

Installation of sub-

frame.

Surface preparation.

Tape application.

_______

_______

_______

_______

R
N
=
H
@

Vorv|lo sy

Frame Assmblg.

Tooling. Aﬂalging gentle
pressare o Assure
maximam condact and
vemove of excessive
sealant-

______________

______________

abvaroyg

VoLV

\Joining of parts.
Spacers are used for

glo\ss o\“ignmuﬂ-.

Appliance of pressare.
At least | kg/omz.
This can also be
achioved with a vacuum

fable.

Immediate hN\Aling
s-l-vu\g-H\. S'I-on\g& is
divecty possible.

I'UDelft &y
t
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Evaluation

PY oo\ua"iof\

Sikasil SG-500
2-part silicone sealant

______________

______________

Frame o\ssmblg.

Surface preparation.

Pvfoluul'iof\ +%+s ‘For

He q}mli-l-g ASSUYANCR
of 2-part silicone
sealant

Placement- of glass on

frame.

 New design with
 3M™ VHB™ Tape

______________

______________

Frame Assmblg.

Installation of sub-
frame.

Surface preparation.

Frame a\ssmblg.

______________

______________

pressare o assure
maximam condact and

vemove of excessive
sealant.

lMPVova'l's:

~ No mixer open Hme and

Tooling. Applying gentle

\Joining of parts.
Spacers are used for

gla\ss a\llignmu\{—.

Appliance of pressare.
At least | kg/omz.
This can also be
achioved with a vacuum

+able.

______________

| E E Immediate kN\Aling
- . strength. Shorage is
i E E Air%-Hg possible.
 Downsides:

'~ Exbva step in installation of
: ‘H\Q/ Sub ‘FVM@

dependence on Hhe mixer

-~ No Proo\uc;l'io/\ 'l'%"'s

Tape application.

- Easier appliance
~ |mmediate handling stvength

- Investment Gime and mones)

~ Tolerances
- - Glass alignment

~ Pressure appliance

Delft
U D e I ft University of
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Evaluation

Waste / Susl-o\ino\bih-l-g

60{'4’0 bQ/ oor\a\ucl’em\:

N\MquQzMM‘I' O‘F ‘H\Q/

amountt of sealant waste

Flushing of the mixer / pump and the Tape, before and after finishing. Only the
sealant before tooling illustrate waste. overlap is wasted (<5%).

TU Delft 5o
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Costs

Needed input: $G-500 3M™ VHB™ Tape
Cost of Manpower per panel

- Actual costs of the product sealing 9min/Im at 43,- p/h 6,50 4,88

- Amount of sealant waste Cost of products

- Extra cost of subframe Backing gasket 0,90 0,00
Silicone/Tape 1,50 3,25
Total per Im 8,90 8,13

Cost of manpower: 43 €/h

Sealing: 9 min/m
Tape application: 6,8 min/m
Prices Silicone: €5.10 /liter
Prices VHB: €3.25 /meter

TUDelft &
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Design Phase

1 Step 1 Project manager (customer) or responsible Sika persons send all relevant
&MA‘M Assﬂfmw / PYOC«%s ﬂON design details (drawings - including bonding situation) and project details (wind
loads, max. temperatures, glass/panel sizes) to Sika (ch-fcc@ch.sika.com or
Fax +41 58 436 5407) for inspection Customer

Step 2 Sika
- checks joint details
- checks joint dimensions
- assesses the materials used
- recommends the correct sealant for these applications based on all the
details known Sika

EXdMSiO'\ o‘F S‘I'Qfs in PYO(«%SZ Test Phase

Step 3 Project manager sends all substrates and ancillary materials to Sika for testing.
The number and sizes of the samples are described in the leaflet “Project
Submittal Information” Customer

- Unitisation (no material specific tests)

Sika conducts the following tests:
- Adhesion tests 10 aII substrates {glass facade pansls and frames

- No production tests (tape has consistent properties) - < i salants come

- Based on the resulis

- No tracing of the profiles (one batch) noggsam P enuat.nsaresum-

marized in a laboratory report. A guarantee can only be givelT
samples are compatible and the adhesion is sufficient

Application Phase

Sika instructs the applicator on all matters of the applications:

training certificate from Sika

ep6 The customer applies the Sika products as instructed and diligently carries
+ lb" .F ' .F A +or b n AQ/ A out the recommended quality controls during processing. The quality control
oss 0 0 0 is documented on the appropriate Sika forms. If desired and agreed, the

customer sends the test specimens to Sika. Mechanical properties are

'bF( AM measured in one of the FFl Competence Centers Customer
Warranty Phase
Step 7 Once application of the products is complete, the customer sends all
documents to Sika for inspection Customer
Step 8 Based on the umbrella contract, Sika provides an extended warranty on
the sealant, where consequential damage by failure of the sealant is
included Sika

TU Delft 5o
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No\wowl—g

Now:

- Permasteelisa Umbrella contact with Sika
- Bulk discount

- Extended warranty (consequential damage is included)

TU Delft 5o
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No\wowl—tj

Ni-H\ Hie imﬂmuﬁ'o\ﬁon of Hhis c—onwp-l-'.

- New agreements are needed
- Similar procedure as with Sika, but with less steps.

- Limited warranty (only the tape can be refunded)

L——) Research in collaboration with 3M\ (discussion and case studies)

TU Delft 5o
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onclusion
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Geneval conclusions

How and to what extend can the process be
improved, merely on process level?

What reasons are there to change, or to not change,
the current process? In other words: What benefits
are needed to make a proposed improvement feasible?

How and to what extend can the process be improved
by implementing a new system and what should these

improvements be? Original curvent way Improved system/design
|M|>rovwl process 'j
How can the detailing of such an improvement be? g.
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Conclusion

Conclusions on the final design

Sigr\iﬁw\r\-l' improku\-l' In:

- Process flow

- Traceability issue
- Production

- Replacement

- Cost?

- Waste?
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Conclusion

Conclusions on the final design

Significant improvement-in: Disadvantage in:

- Process flow - Warranty
- Traceability issue

- Production

- Replacement

- Cost?

- Waste?
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Conclusion

Conclusions on the final design

Significant improvement-in: Disadvantage in:

- Process flow

- Traceability issue
- Production

- Replacement

- Cost?

- Waste?

- Warranty

This is not exclusively the only design that could improve the process,
but it is engineered on principles that should be used for improvement
by design.

(Exclusion of risk factors, combining design measures for different causes, etc.)
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Conclusion

Further puarsuits

3M collaboration:

- Warranty question -> Case study m
- Sample testing

- Detall and process evaluation

- Measuring the amount of sealant waste
- Cost calculation elaboration
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