Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1960

Tu De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1960 « 1970

TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1960 . 1970 « 2024

TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1960 « 1970 . 2024
« 120z « 120z s 120z
« Cylinder + Cylinder « Cylinder

TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24 | Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1960 « 1970 « 2024

« 120z ¢« 120z « 1202

« Cylinder « Cylinder « Cylinder
« 80Gm

TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1960 « 1970 « 2024

« 1202 « 120z « 120z

« Cylinder « Cylinder « Cylinder
+ 80Gm * 60Gm

TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



]
TUDelft

1960

12 Oz
Cylinder

80 Gm

Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

« 1970

e 120z
« Cylinder

* 60Gm

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft

2024

120z
Cylinder

15 Gm



]
TUDelft

1960

12 Oz
Cylinder

80 Gm

Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material Efficiency

The Can

100% 60 %
e 120z

« Cylinder

* 60Gm

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft

2024

12 Oz
Cylinder

15Gm

20%



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material efficiency

Drive

Finite Resources

TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft




Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material efficiency

Drive

Finite Resources Climate Change

Tu De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft 10



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Material efficiency

Drive

]
TUDelft

Finite Resources Climate Change

https://www.gettyimages.nl/detail/foto/oil-pump-on-top-of- https://us.macmillan.com/books/9781250284297/cobaltred
empty-glass-royalty-free-beeld/187138159?adppopup=true

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft

=

THE NEW YORK TIMES BESTSELLER |

—]

“How THE BLOOD OF .
THE CONEO POWERS
OUR LAVES

SIDDHARTH KARA

WINNER OF THE FREDERICK DOUGLASS BOOK PRIZE

Human Rights

https://images.app.goo.gl/gRFhWNZJN8ZgNKYd8

11



]
TUDelft

Empirical Assessment of Glazing Serviceability Limit:

Exploring Occupant Acceptance.

Mentors:
Dr. Alessandra Luna Navarro
Prof. Dr. Mauro Overend

Advisor:
Pedro de la Barra Leugmayer

AGC

Delft
U e t University of
Technology

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft

12



Background
Embodied carbon

Embodied carbon

Embodied carbon

]
TUDelft

Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

. Building .

’ Facade ’
33% 67%

| Facade |

| Glass |
40% 60%

Glazing material contribution

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Background

Embodied carbon
Building

Facade

Embodied carbon 33% 67%

. Facade |

| Glass |
Embodied carbon 40% 60%

| | |

| Glass | Alu. |
Weight 4X 1X

10-40 % by weight of the facade

230 billion Square meters of new building in the next four decade
Paris

TU Delft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Chapter

Functional
considerations

]
TUDelft

Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Structural
Performance
2 Durability
Performance
< .
- .
Occupant ’ Acoustic
Satisfaction H Performance
Thermal
Performance

(Sager Oke. ,2023)

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Background
. Quantifiable
Functional
considerations T
Quantifiable Sirictat Quantifiable
Performance
oo Durability
Performance »
Occupant K __ Acoustic
Satisfaction ' Performance
Thermal e
Performance Qua ntifiable
Quantifiable

4 What is missing
TU Delft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Datsiou and Overend (2016) and Quaglini et al.

Background (2020).
. Quantifiable
Functional
considerations T
Quantifiable Strictirsl Quantifiable
Respondek (2018) Performance
Pt Durability
Performance _ -
Occupant & . Acoustic
Satisfaction H Performance
Thermal . s
Not quantifiable Performance Quantifiable
and assumed to be low
Gap in research l
Quantifiable

4 What is missing
TU Delft Mohammed Ibrahim |5741165| Thesis 2023-24 | Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Slightly positive 5 1

I

I Positive

Background 7 N
I N d u St ry Extremely positive 7] i i :
SU rvey Moderately 61 o :
positive I

]

|

No impact ] Negative

o] (e] | \L

Slightly negative 34

Moderately y &
negative

Extremely s I (o}
negative - - v v - - -
1 2 4 5 6 7 8
Overall Aesthetic | Project Cost of Ease of Material Material Ease of
occupant value I value (real facade handling efficiency efficiency production
satisfaction of the estate in the on site of fagade  of building of curved
project | perspective) project structure  facades

N o o o e e o o o — —

Survey was conducted to check impact of thin glass
(Sager oke, 2023)

TU Delft Mohammed lbrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Background
I n d u St ry Extremely positive
survey
Moderately
positive

Slightly positive

No impact

Slightly negative

Moderately
negative

Extremely
negative

]
TUDelft

Empirical assessment of Glazing Serviceability limit: Exploring

Occupants Acceptance

(
|
7 —_
|
|
16 o
|
|
5-
: i
| Positive
.]4.- e e I e i e - cdeccc e -
I Negative
131 o o) l
|
|
2 o s
|
|
111 o
I 1 . a 5 6 7 8
|

vera esthetic ' Projec ost o ase o ateria ateria ase 0

Overall Aesthetic | Project Cost of Easeof  Material  Material  Ease of
| occupant value | value (real facade handling efficiency efficiency production
| satisfaction of the estate in the on site of fagade  of building of curved

project Iperspective) project structure  facades
I_ ______ )
(Sager oke, 2023)

Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft

19



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

External Loads

Background
External Loads Atmospheric Wind
load load
\ ! 7/ D C
Why the -,(')\- ;>I<§ TJ ﬁﬂ:' C}% L(,_
Concern?
Summer Winter Under Pressure Over Pressure

TU Delft Mohammed lbrahim |5741165| Thesis 2023-24| Building Technology| TU Delft

20



Background

External Loads

Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

External Loads

Atmospheric

load
\ | V4
Why the -O-
4 \
Concern? ;
Summer Winter Under Pressure Over Pressure
TU Delft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft 21



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Background
Limit states
ULS
@
Ultimate Limit State @

Resistance of load with out
material failure A A

TU Delft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Background

Limit states
ULS SLS

Ultimate Limit State @ @
Resistance of load with out
material failure A A A

Serviceability Limit State

A condition at which
a component is fit for use

“Functional”

TU Delft Mohammed Ibrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Background

Limit states Servicability limit of Insulated
Glass Unit

Serviceability Limit State

A condition at which
a component is fit for use

“Functional”

L/50
(FprCEN/TS 19100-2)

3
TU Delf‘t Mohammed lbrahim |5741165| Thesis 2023-24| Building Technology| TU Delft



Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Framework

Hypothesis
Problem statement

Minimum possible thickness of glass is not often governed by strength or manufacturing
limits but rather by the deflection(serviceability limit)

Despite this importance the occupants satisfaction to glazing deflection remains unexplored leading
to a conservative design.

Hypothesis

The research hypothesizes that addressing the gap in data related to assessing human
perception and acceptance to glazing deflection will provide insights into material
Saving in glazings.
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Research Question
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What is the Serviceability limit in practice
What are the factors affecting occupants perception and acceptance of IGU deflection?

What is the threshold of acceptance to IGU deflection?

What are the implications of reducing thickness on the embodied carbon of glazings and
the design practice?
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« Questionnaire
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Results and
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Design and test an experimental setup to capture
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TU De|ft Mohammed Ibrahim |5741165| Thesis 2023-24| Buil i\ R e el RICE I



Design of Experiment

Preliminary Observation
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Observations

« Perceptions

-Glass movement
-Change in reflection
-Distortion of the view
outside

-Distraction when engage
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- Safety
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Independent Dependent Confounding

Center of Glass Deflection Perception and acceptance of Acoustical cues
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L=976 mm
L/100 L/50 L/40
Under Current Servicability limit Above
10 mm 19 mm 23 mm
Randomized
1 2 3 4 5 6
ABC ACB BAC BCA CAB CBA

Experimental

Design of Preliminary Viriaies Questionnaire Results and
Setu Experiment Observations ki Implications
P Procedure
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Design of Experiment

Procedures
Questioner 1 Questioner 2 Questioner 3 Questioner 4
v l 6 mins 6 mins J 6mins
5mins 4 mins | approx. | 4 mins | Approx_ 4 mins /—\pprox.
I

Familiarization Session 1 Session 2 Session 3 30-35 min total

Start End

v

Experimental Design of Preliminary Viiusiey Questionnaire Results and
i Observations ond ? Implicati
Setup Experiment Procedure mplications
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Design of Experiment

Procedures

Fill in questionnaire
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Observe

Design of Preliminary Var;(:]l;/es . Questionnaire
i ? Observations ’
Experiment Procedure
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Procedures
—+ R e
© - o »
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o .2 8 B o .2 6 B & .~ o 2
= 9 5 9 = 2 5 8 =T =
O+ O d . O+ O il . O+ O e
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T C QO oun T C QO o»n Y C a9 n
s 290 S 20 B s 290 u
n N n Ao n D o n v N a
1 T [ 1 | 1 1 |
Familiarization Session 1 Session 2 Session 3 30-35 min total
AN N
Start End
Start Cam recorder Stop Cam recorder
z : o Variables e
Experimental Desgn of Pre//mmgry o Resglts gnd
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Design of Experiment

Questionnaire Characterizing participant

Perception and acceptance study
v l l 1 1 v

Glass movement View outside Reflection Safety Accoustics Disturbance and
annoyance
Preception Preception Preception Preception Preception
Level of annoyance
Acceptance Acceptance Acceptance Reason Satisfaction

Level of disturbance
to activity

BT Studying general acceptance level

Experimental Design of Preliminary Var;{:f:j/es Questionnaire Results and
é 3 ; > > & ; . .
Setup Experiment Observations iemeilire Implications
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Facial expression
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Experimental Design of Preliminary Vatiables Questionnaire
—_— " — T — and ——> O
Setup Experiment Observations Procedure
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Facial expression
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‘ OpenFace offline

File Record Recordingsettings OpenFace settings View Face Detector Landmark Detector

Appearance features

r Geometry features ——

Orientation
Turn: 8
Up/down 12°

Tilt: 36°
Gaze
Left-right -1!
Up/down 1¢

i I [

FTAie

Non rigid para

PauselStopl>> ‘1{>> 5

Experimental Design of Preliminary Va’(’;ﬁ’j’es Questionnaire
- : — : > > —
Setup Experiment Observations Broredte
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Design of Experiment

Calibrating Deflection

Linear Variable Differential Transformer Positioning
(LVDT)

Experimental Design of Preliminary Va’ﬁges Questionnaire Results and
_ — : N > —> o
Setup Experiment Observations Procedure Implications
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Participants
|38 Participants |
| Day time JIP1\ [ Night time JBF:
[ With knowledge I Without knowledge | | With knowledge I Without knowledge |
8 12 9 9

Experimental Design of Preliminary VGZ‘;Z/“ Questionnaire Results and
—_— % —_> : > — L
Setup Experiment Observations 7, . o Implications
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Participants
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Experimental
Setup
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: - Variabl ) .
Design of Preliminary N ar(/;;l;es . Questionnaire
i ? Observations £ ?
Experiment Brocsdiure
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|

Experimenta/]

Setup

|

Design of
Experiment

|

|

Results and
Implications

|

Empirical assessment of Glazing Serviceabilitgli{yglis8=7s] (e1dlqV>
Occupants Acceptance

* Analyzings result

-Questionnaire
-Action units

Material reduction

* Embodied carbon

« Design implication
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Results and Implications

Likert scale

Level of Acceptance

Level of Perception

Level of Agreement

]
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Unacceptable

imperceivable

Totally Disagree <

Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Likert Scale
2 3 4 5
& S Totally Acceptable
Z \ .
< 7 perceivable
> Totally agree

Analyzing

Experimental| [ Designof | __ [ Resultsand |—— Method ——  the — Savings and
Setup Experiment Implications Questioner esigr
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Box plot
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Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Lower Quartile Median Upper Quartile
Ql Q2 Q3
Min Max
| 2>% 5% @ 25% e
Whisker Mean Whisker
Box

4
r

Inter Quartile Range(IQR)

Experimental 5| Design of s | Resultsand | —— Method —— the —5
Setup Experiment Implications
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Results and Implications

Data processing

Data cleaning and
creating a database

l

|||l Descriptive statistics

l

|/“‘" Inferential statistics

Analyzing Material
Experimental 5| Design of s | Resultsand | —— Method ——  the —— s¢
Setup Experiment Implications Questioner Desi
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Perception and Acceptance
of Movement

In the past 5 mins, did you notice any movement in the facade?

Strongly agree i B [ R 1 i
. .
= “7 ®
C
TP R 1]
= 4
[ ® . .
>
o
E
Neutral - M e
=
L
a
[}
P e e L e @ mmmmmm e O -mmmmmm e
()
(a1
Day
! Night
Strongly disagree ) i e — i il
e e e b
10 mm 19 mm 23 mm
Scenarios
Strongly disagree: no | did Strongly agree: Absolutly,
not notice anymovement in —>  therewasasignigicant
the facade movement in the facade

Analyzing Material
Experimental s| Design of s | Resultsand | —— Method ——  the — Savings and
Setup Experiment Implications Questioner Design
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Results and Implications

Perception and Acceptance
of Movement

Strongly agree
Neutral

Strongly disagree

]
TUDelft

5

Perception of movement
N w

In the past 5 mins, did you notice any movement in the facade?

I

_________________________________ 1]
Day
________ e Night
=1 w1 =
10 mm 19 mm 23 mm
Scenarios

Strongly disagree: no | did Strongly agree: Absolutly,

not notice anymovement in there was a signigicant
the facade movement in the facade

Perfectly 3
acceptable

Neutral

N

Acceptance of movement
w

Totally
unacceptable

B

How acceptable is the movement?

i e e | B Y T 7
.
.
Day
________________________________________________________________ . Night
= =
10 mm 19 mm 23 mm
Scenarios
Analyzing Material

the —> Savings and

Experimental 5| Design of s | Resultsand | —— Method ——
Setup Experiment Implications Questioner
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Results and Implications

Perception and Acceptance
of View distortion

In the past 5 mins, did you notice any distortion of the view outside your window?

Strongly agree 2

Neutral

Perception of view distorton
w

Strongly disagree 1

]
TUDelft

Day
| R Night

10 mm 19 mm 23 mm
Scenarios

Strongly disagree: there is Suianglyagice; teraise

no distortion in my view —_— 5"9mf/CfGt;f dlsioglon in my
of the outside. view of the outside.

Analyzing Material
Experimental s| Design of 5 | Resultsand | —— Method ——  the — Savings and
Setup Experiment Implications Questioner Design
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Perception and Acceptance
of View distortion

In the past 5 mins, did you notice any distortion of the view outside your window? How acceptable is the distortion of the view from your window?
Strongly agree ST T B T T renisEily T T T T
acceptable  _ i
S S . ’
£ =
s B e e e S ottt L
2z o
© o©
; ; .
Q 2 ®
Neutral il ime g TN Neutral z S | I — o [T T
o . . o
c . [0
S . 9
=) .
30 I N S N I PN S—— s AR
o ]
o Da - D
- yht Totally = .ayh
: i
Strongly disagree 11— e ). grgeceptable Ly . Night
10 mm 19 mm 23 mm 10 mm 19 mm 23 mm
Scenarios Scenarios

Strongly disagree: there is Strangly.agree; thefe s

no distortion in my view —> Sign if i‘;; t d/SiOZ/on inmy
of the outside. view of the outsiae.

- - Analyzing Material
Experimental 5| Design of s | Resultsand | —— Method ——  the — Savings and
Setup Experiment Implications Questioner Design
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Results and Implications

Perception and Acceptance
of Change in reflection

Strongly agree
Neutral

Strongly disagree

]
TUDelft

In the past 5 mins, did you notice any change in the reflections from your window?

5

N

Perception of reflection
w

1

B

T .
_______________________ 1 e
Day
______ I S Night
10 mm 19 mm 23 mm
Scenarios

Strongly disagree: there is Stenglyegieaticieita

no change in reflection i n/ﬁgant change.in
reflection
Analyzing Material
Experimental 5| Design of s | Resultsand | —— Method ——>  the — Savings and
Setup Experiment Implications Questioner Design
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Perception and Acceptance
of Change in reflection

How acceptable is the change of reflections that you see from your window?

In the past 5 mins, did you notice any change in the reflections from your window? Perfect/y

R T “““““““““““““““““ acceptable T T T ____________ 1T T

Strongly agree

S
.
$

-

Neutral

w

Neutral

N

N
i
H
¢

Perception of reflection
w
‘
Acceptance of reflection

Day Totally 1 Night |
SOl aisagee Gl e oee- Night | unacceptable 1 e R

10 mm 19 mm 23 mm 10 mm 19 mm 23 mm
Scenarios Scenarios

Strongly agree: there is a
significant change in
reflection

Strongly disagree: there is
no change in reflection

Analyzing Material
Experimental 5| Design of s | Resultsand | —— Method ——  the — Savings and
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Perception of safety and
Effect of knowledge

Safe 5

Neither

Perception of safety
w

N

Unsafe 1

]
TUDelft

Which of the following best describes how you felt when the glass moved?

H

____________________________________________ —
W‘
Day
_______________________ | SRS | S | Night
10 mm 19 mm 23 mm
Scenarios

Perfectly
acceptable

Neutral

Totally

5

Perception of safety
w IS

N

unacceptable

Which of the following best describes how you felt when the glass moved?

—— Knowledge provided
Knowledge not provided |

Knowledge provided

Analyzing Material

Experimental| ___  Designof | o [ Resultsand | —— Method —— the — Savings and
Setup Experiment Implications Questioner Design
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Effect of Knowledge on acceptance
of movement and change in reflection

How acceptable is the movement? How acceptable is the change in reflection?
Perfectly - Perfectly .
acceptable acceptable ,g
5 2
g4 o
£ g
‘S ©
Neutral ° 3 Neutral £
c 5
S o
2 2
:
< o
- Knowledge provided b ~—— Knowledge provided
TOtO//y bl ~— Knowledge not provided | Tota/ly bl LSO T AR ~— Knowledge not provided |
unacceptable unacceptable
P Knowledge provided Knowledge not provided p Knowledge provided Knowledge not provided
Knowledge Knowledge
Analyzing Material
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Why do occupants percieve
glass deflection?

What factors contribute to your concerns about safety
| perceive the movement because of regarding the glazing moving or vibrating in the facade?
Strongly agree St N D Strongly agree 3]
.
B e T = 4
5 3
E E
) (]
o . <
Neutral CEleares s B Neutral g3
Y Y
o [S)
o o
> >
e L I m e O B e Iy m S
Strongly disagree ). B R — FR— Strongly disagree 1} B [ F———— || S P (R— N em—
Noise View Distortion ~ Change in Reflection Noise reflection Proximity Fragile
Reasons Reasons

- - Analyzing Material
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Setup Experiment Implications Questioner

Design
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Results and Implications

Summary

« Setup proved to be effective in capturing human response to varying deflections of glazing
« Changes in reflections are the main way users perceived the glass deflecting

« User acceptance at higher deflections is similar than at lower deflections

* During the day is much higher than during the night

- Regardless of knowledge, safety was not a concern

Analyzing Material
Experimental 5| Design of s | Resultsand | —— Method ——  the — o
Setup Experiment Implications Questioner Design
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Action units

Intensities (0-5)
Values
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Box plots grouped by scenarios
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Action units
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Intensities (0-5)

Values
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Box plots grouped by scenarios
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Setup

5| Design of s | Resultsand | —— Method ——  the —> Savings and
Experiment Implications Questioner Design
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Results and Implications

Material savings

« SJ Mepla

-Nonlinear analysis

-IGU Construction
-Simply suppoeted system
-Load sharing effext

+18.56
+17.59
+16.61
+15,63

+14.65
+13.68
+12.70
“11.72
+10.75
+9.77
+B.79
+7.82
+6.84
+5.86
+4.88
+3.91
+2.93
+1.95
+0.98
40,00

Experimental
Setup

%
TUDelft

Magnification: 1.
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— N2 _

+40.88
+36.87
+36.86
+34.85

+32,84
+30.83
+28.82
+26.81
+24.80
+22.79
+20.78
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+14.74
+12.73
+10.72
+8.71
+6.70
+4.69
+2.68

Step: 0 - Time: 1,00000(s] LF: 1,000 Package: 1 Layer: 1 deform. w Magnification: 1.00
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Results and Implications

Material savings

Empirical assessment of Glazing Serviceability limit: Exploring

Occupants Acceptance

Glass type Pressure (Mpa) SLS Size of Number Air Maximum Minimum
pane of panes gap principal thickness
in the pressure of glass
model (Mpa) required
S) Fully 1.43 xe? 1476mm 2 16 51.47
Mepla  toughened L/50=19 mm x972 mm 6 mm
glass
S) Fully 1.43 x e2 1476mm 2 16 67.17
Mepla  toughened L/40=23 mm x972 mm 4.9 mm
glass

]
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carbon footprint reduction
8.47 kg co2/ m2 of glass

Experimental| | Designof | | Resultsand |—— Method ——
Setup Experiment Implications
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18 % Material reduction
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Results and Implications

Design considerations
8.47 kg co2/ m2

0,
« Edge rotation 19mm 18 % N 23mm

L/50 L/40

« Air and Water tightness

« Local stress from edge of
glass touching the framing

Analyzing Material
Experimental s| Design of > | Resultsand |—— Method ——  the —> Savings and
Setup Experiment Implications Questioner Design
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Results and Implications

Design considerations
8.47 kg co2/ m2

0,
- Edge rotation 19mm 18 % . 23mm
7

L/50 L/40

« Air and Water tightness

. Local stress from edge of
glass touching the framing

Analyzing Material
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Results and Implications

Design considerations

15.4 kg co2/ m2
19mm 33.3% 27mm

* Air and Water tightness

WV

« Local stress from edge of
glass touching the framing

« Loss of function in Gasket _

* Draught

L/50 L/35

33.3 % Material reduction
* Anti-reflection film

from 30% to 4 %

- Analyzing Material
Experimental s| Design of > | Resultsand | —— Method ——  the — Savings and
Setup Experiment Implications Questioner Design
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Results and Implications

Design considerations 19mm ¥

L/50 L/35

Analyzing Material
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Results and Implications

Design considerations

Insulated Aluminium extrusion

glass unit

Cover Polyutherene

EPDM ket
Main Facade Gaske

frame

Analyzing Material
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Design considerations
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Under pressure Over pressure
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Design considerations
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Under pressure Over pressure

Experimental| [ Designof | ____ [ Resultsand | —— Method —>
Setup Experiment Implications
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Results and Implications

Sharing with the Industry

Analyzing
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Sharing with the Industry
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Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Research
Summary

Experimental setup
It is possible capturing human response to varying glazing deflections

Factor
Change in reflections plays an important role in perception

The current limit
Regardless of knowledge, safety was not a concern

User acceptance at higher deflections is similar than at lower deflections

Contribution

A novel methodology

Analyzing Material
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Reflections

Improvements and gap

Experimental setup Participants with
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Empirical assessment of Glazing Serviceability limit: Exploring
Occupants Acceptance

Results and Implications

Effect on concentration
and annoyance

Unbareable
Anoying

imperceivable

]
TUDelft

Level of annoyance

How would you rate your level of annoyance?

To What extent did the glass movement affect your concentration?
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