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Problem statement

In practice, OFE’s in offices are often not appropriate to use for control over thermal
environment and indoor air quality.

While office workers still:

Often suffer from building related
symptoms

Are regularly dissatisfied with the air
qguality and thermal environment

Whereby one of the reasons is ‘lack of
options for personal control’
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Aim

Develop a design guide for designers of Dutch office buildings and facades in
such a way that it helps to design operable facade elements which are better
usable and thereby improve personal control over thermal environment and

indoor air quality.

Designing



Research questions 1&2

* Which aspects affect the usability of operable facade elements
for personal control on thermal comfort and air quality?

* Which requirements help to design better usable operable
facade elements which enhance personal control over thermal
environment and air quality?

Literature survey BBA Database analysis
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Research questions 3&4

* How can an operable facade element that properly integrates
these requirements look like?

 How can designers use this information for facade design with
better usable operable facade elements?

OFE Design Design Guide
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Literature survey - Method

Keywords:

Books Operable window
(Natural) ventilation

Adjustable

Usability
Search engines

Health
Comfort

Satisfaction
Productivity

Journals
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Literature survey - Themes

Effects of OFE’s &E

Aspects of OFE’s '_E_ r>]
p

Usage of OFE’s ) )

Problem — Aim — l.Research — Il.End products — Discussion & Reflection - Conclusion — End


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi63oeew4vTAhUF1RoKHZYfB_QQjRwIBw&url=https://www.schoolplaten.com/kleurplaat-maan-i15709.html&bvm=bv.151426398,d.d2s&psig=AFQjCNEl9ZKRbuXFnN299WoHZ9DjIqNL4A&ust=1491420169794576

Literature survey - Results

Which aspects affect the usability of operable facade elements

for personal control on thermal comfort and air quality?

Aspects OFE’s have (potential) effect on:

Requirements for good usable OFE’s

Building performance

User-friendly

Burglary risk

Clear design intent

Experience of weather conditions

Effective

IAQ (Indoor Air Quality)

Fine-tuning capability/ Adjustable

Ingress of noise from outside

Match company’s security policy and OFE design

(Local) Air movement

Low noise ingress

(Local) Indoor temperature

(Mental) connection with outdoor climate

Motivation to control

Proximal/ highly controllable by occupants

Occupant’s wellbeing

Robust

Personal control
Relation with outside

Additional requirement for perceiving control by OFE’s
over thermal environment & indoor air quality

Responsiveness to users’ needs

Cultural/social attitudes match

Robustness

(Sensory) Pleasure
(Thermal) Adaptation
Tolerance/ Forgiveness




BBA Database analysis - Method

Database: Analysis:

37 Dutch office buildings with IE complaints (N=2918) OFE related aspects
Conducted by BBA in the past 10 years Relevant questions
IEQ questionnaires Photo’s

Open answers

Problem — Aim — l.Research — Il.End products — Discussion & Reflection - Conclusion — End 10


http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi__JfVvovTAhUBOxoKHez5Ai8QjRwIBw&url=http://combiboilersleeds.com/keywords/analysis-1.html&bvm=bv.151426398,d.ZGg&psig=AFQjCNFwbeMpas2lCWqrGBWKILCrXokH0w&ust=1491418934398021
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjv6OSDxIvTAhXDXBoKHQtaBAQQjRwIBw&url=http://elfedhs.co.uk/we-value-your-opinion-so-please-return-your-questionnaire/&bvm=bv.151426398,d.d2s&psig=AFQjCNHIEidzGrNwnhknMKJc9eBrdzdJpA&ust=1491420361619128

BBA Database analysis - Results

If you cannot always open the window when
needed, what is/are the reason(s) therefore?

(N=2046)
You can not easily P .
reach the window Can you always open the window
;% when you feel the need to do so?”
o 100% -
Other reason 500 The glare control isin o
400 the way
300 80% -
200
06 60% -
I i 0, ]
Objections of The wmd.c:w s not 40% = Yes
tes openable in the right
roomma evel S - s
0% -
o . Draught occurs Roommates: 1-2 3-9 >9
Noise from outside (sometimes) (N=966) (N=864) (N=443)
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BBA Database analysis - Results

Literature survey

compared &
supplemented

Database analysis

Example: N

Requirements for good
usable OFE’s based on
literature

Comments or umbrella terms for
comments in the BBA database
analysis which indicate that the OFE
not appropriately meets the
requirement

Robust

Broken, lost or defect (control)
element, not easy to open or reach,
not clean.
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BBA Database analysis - Results

Requirements for good usable OFE’s

User-friendly

Clear design intent

Effective

Fine-tuning capability/ Adjustable

Match company’s management & security policy and
OFE design

Low noise ingress To avoid “opening not allowed”
(Mental) connection with outdoor climate

Proximal/ highly controllable by occupants

Robust

Additional requirement for perceiving control by OFE’s
over thermal environment & indoor air quality
Cultural/social attitudes match

Supply is fresh air of sufficient quality - Added requirement As response on “Car fumes outside”

= Changed requirement, added “management &”:




BBA Database analysis - Examples

i

T
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BBA Database analysis - Examples
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Context mapping - Method

What do people prefer
and expect from OFE what people
and why do they do so?
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Context mapping — Method, procedure

- \{ NN R\ =
V| [ ==
AR (288 B ) B

Preparing Sensitizing Wake&Say Discussiny Analysing  Documentation Application
\ Session / \ J

Collecting user insights Sharing results
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Context mapping - Method, questions sensitizing booklet

Sensitizing Booklet
- Factual

- Feel

- Effects

- Ideal

Dagboek voor 3 dagen

pag3
Dag 2

000

PAST
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Context mapping — Method, location & participants

MultiSense Lab Industrial Design

Housemates & Neighbours between 18-24 years old



Context mapping - Method, generative tools

Group session

Generative tools:

- Collage
- Top 6 OFE’s

- Priority of aspects

Problem — Aim — l.Research — Il.End products — Discussion & Reflection - Conclusion — End
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Context mapping — Method, impression using generative tools

Ranking 6 OFE variant sketches Prioritizing aspects (Card sort)
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Context mapping - Results, sensitizing booklet

Average self-assessed ranking of OFE effects

Relaxt

Frisse lucht
Energie
fris (1) Opluchting
Verkoeling (7| Geen stank

Gevoel van vrijheid Opgewekt
Afleiding (positief) Briesje

Blij

Boos
Warm
Lokale oplossing

Onenigheid

Kou

Tocht Bzl

Tocht
Zonde v.d. airco

Saggerijnig
Shit, dicht doen vergeten? (ivm inbrekers)
Lawaai

Akward om te open i.g.v. kamergenoten

Afleiding Teleurgesteld ||

Baal gevoel dat raam niet verder open kan
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Context mapping - Results, sensitizing booklet

Sketches of ideal OFE

Dag 3

Ideaal? / ; NS>
Teken een te E i &
openen raam of D i

luik dat volgens s,

jou ideaal is in
deze setting. =
Geef daarbij e

aan hoe het
open kan.

/ \/\
Waarom denk je dat? \

Q h-_ R 1 = N _‘;, T i

S Ee———

A —
Dag3 = \ i |

\ | !

‘ ! 1

\ r“: '4
Ideaal? i ‘{f — |
it v e \.J B
openen raam of T A

luik dat volgens
jou ideaal is in

deze  setting. /
Geef daarbij i
aan hoe het

open kan. /
B

\/\ ﬁ
/
/ \
\\\ /
Waarom denk je dat?
i,
Moo Loett lme 200 ol tuimie oo \/

uoude lucht Liomt niet diceck by de mensen,
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Context mapping - Results, generative tool “collage”
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Context mapping - Result, generative tool “Top 6 of variants”

Eline
@ ¥ Jededte cpen oonbowrla  yeel gas / veel witzicht @ - & vee( cpties voor Lantoor
+ 1 opbe S - le openen faompje vefpest = U discusne
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[ ]
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Context mapping - Analysis

Outputs:
Sensitizing booklet
- Feel

- Effects

- Ideal

Group session

- Important aspects (collage)

- Pros & cons (OFE variants)

- Priority of OFE related aspects

- Discussion
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Context mapping - results

Mainly expressed by:

OFE’s mainly valuable when: warm, stuffy, highly Feel
occupied or in case of long stay

Fresh Air Effects

Cold

Ease of use, low effort & fine-tuning capability Ideal & Priority
View Top 6

Usable windowsills Discussion
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Context mapping - results

Literature survey

compared &
supplemented

Context mapping

Example:

Requirements
for good
usable OFE’s
based on
literature

Related
preferences of
participants of the
context mapping
study

Related positive
effects/ pros
mentioned or
illustrated by
participants of the
context mapping
study

Related negative
effects/cons
mentioned or
illustrated by
participants of the
context mapping
study

Robust

Easy to control

Too many options.

Difficult to clean
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Context mapping- Results

Requirements for good usable OFE’s

User-friendly
Clear design intent
Effective
Fine-tuning capability/ Adjustable
Align company’s security policy and OFE . Wnls»
desion -> Changed into “Align

g
Low noise ingress “Match” was often misinterpreted
(Mental) connection with outdoor climate
Proximal/ highly controllable by occupants
Robust

Parallel use of windowsill and window & context mapping

“Preference for windowsill use”




ll. End products - requirements

e User-friendly

* Clear design intent

* Effective

* Supply is fresh air of sufficient quality

* Fine-tuning capability/adjustable

* Low noise ingress

* (Mental) connection with outside

* Proximal/ highly controllable by occupants
* Robust

* Parallel use of windowsill and window

Align design and management & security policy

Problem — Aim — |.Research — Il.End products — Discussion & Reflection - Conclusion — End
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OFE Design - Focus situation

Floorplan, groups of 4 desks along a facade

Facade with operable elements

Office

Hallway, with (at least) one partition wall

Office

! L

Facade with operable elements
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OFE Design — meeting requirements

trollable air flow

50°

40°

50°

40°
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Electric

To open
Window

> 40

Robust & Fixed



O'i Deign — meeting requirements

| TAVAVAVAVAVA

: Blinds

'|Pl__]n'|4_88'n_'r

(RN NN RN R R RN R R RN RN R RN R R AR RN R R RN NN

1200
13200

Lowest
level
blinds

200

370

Vﬂdowsill
can be used

700

VAVAVAVAVAVAVAVAVAVE
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Factsheet

e S o Mental) connection
REQUIREMENTS for | e e : ) ith outsid
the usability of operable windows to impi I control o
OPERABLE WINDOWS v el entomentand nri A ouae
that offer user control tomeet the requitmentand an cample o Provide view to outdoor
which not meets the requirement. K
.0
’0
Polluting activities &
(outside)? .0
wsill Proximal/ highly
controllable by occupants
ol St apeningnaleand {7 ow sills Low distance to window No view
Al oot g by amount of windows [ A
| ”'""“"f"?‘“f“ ] ening and good reachable control
A ’ A Qppwsiresnair
P Clear purpose of of sufficent quality
control lement Sufficent outdoor in occupantzone.
air quality while open
User-friendly 4
el e ‘ o c:r::;u:?m:;mbg: Robust Large distance to windows
Easy to use /large building depth
Toopen . .
Mo Reliable quality
e
" iy
o S
; Control
R .
:Ilgndexlngmdmamw ’iz/-"l-------- ---------------------’“"i"‘“ﬂ'ﬂ‘-: 40 200 ISﬁX.ed
Sl anc onsec o . 3 | towindow
Using windows allowed Provide view to outdoor : frame
Parallel us!dwhd;sll Proximal/ highly :
and window possible controllable by occupants -
Objects placed in win®bow sills Low distance to window u
should not obstruct offening and good reachable control :
b Large distance to windows. (]
Easytouse ” N flarge building depth n
Reliable quality “ n
= : Seperate controls
. . can get lost
= . In the middle a design meeting all requirements is presented,
Rolien Wisse 4154711 . th d 2 : . : : . : s .
" enmieu . ez s i ions. an example to visualize and inspire to potential design directions.
Photo's are made by BRA Bi ilieu BV MB—.....-----------Mumnmmamm&pgh!I........... p p p g
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Design Guide

P 3

Potential benefit of operable windows BEGHTE

for operable windows
that offer user control

11 requirements for better usable OFE’s
- Examples meeting the requirement

- Design suggestions

- Examples AN
“Designing by sub-choices” ‘, ’
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Desi gn Guide - chapter example B s crrective

Project (3.PA) An effective operable window has an effective opening area sufficient to dilute internally generated pollutants
Debis Tower - provide fresh air and to make people feel cooler by air movement. Examples of project with large effective
Aschicect opening areas are 3 PA and 3 PB
Renzo Piano -+
Location The size and maximum degree of opening are taken into account for calculating the effective opening area
Berlin ml A (m?) =Axj(#). The airflow rate q (dm"/s) is calculated by the sum of the effective areaA__ (m?) multiplied
[Cetiney L bytheairvelocity v (m/s) in the purge component multiplied by 1000 (q = A__xvx 1000) According to the
NEN 1087:2001 the air velocity (v) in the purge component becomes 4 times higher in case of cross-ventila
I tion (purge components in non-adjacent fagades) than in case of single-sided ventilation. from 0.1 m/s to 0.4
m/s. For example the effective opening area per window of D3 is: (0.25x0,6)x0,8=0,12m*
I As well exhaust ventilation is a driving force, both caused by pressure differences. Note that it can also cause
| draught or undesired high airflows
Project (3.98) I Design suggestion 3 (D3)
At Stable il - A 21
Architect L - |
Jeff Ocampo _ I 81 ;50' s .
Location e | e 4
Seartle. .- ¥ 08
. Washington, J
4 pages per requirement = % “
pages p q 2
sl
T ‘ r % oo L
¥

- Examples (practical & BT)
- Design suggestions ot | 3. Effective

3E. Ineffective win- To achieve effective operable windows some extra attention for ‘to avoid situations can be helpful

dow. It does not re- —

spond 1o users needs To avoid situations:

becassekopensines  —— Placement of operable windows along indoor areas such as hallways or aria (3E), small effective opening
anatria

areas of long distances between occupants and operable parts

Building technical examples 3 (BT3)

|
-

Small
A (m)

Medium

A (mY)

Large
A (mY)

L‘:
1:
|

—
-
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Design Guide - Designing by sub-choices

1. Pattern and side 2. Position

[l
\

3

1]

L | e —— L J
[—= = — 5 T T I H HE
/ ﬂ%zl DgOgogoa mEnEnEn
NN cooo FHHH
ZNIA | O0O0d HHHH
L___JO_C)D N A =
Which parts will be operable? Can this pattern be aligned !'Vertical position determines if it is possible ro choose
with layout in such a way that the one who is most affected between direct & indirect effect (5&10). Horizontal position
has most control aver the operable par? (11) How is the deterimines the width of windowsill.
noise exposure (6) and outdoor air quality (4)? How is the (mental) connection with outside? (7).
5. Devision 6. Opening direction, - manner & control
- __—II—;__—II—___—\
SN \
AL =
R \
A 1 |
[ \
— | \
o B'l |
S [V
- — 14 L - — — 4 L — — — 4

Is it possible to choose between direct & indirect

! Influences whether itis; robust (incoming rain avoided?) (9),
effect? (5). Is it aperable while stuff is placed in windowsill?  within reach (1), easy to open (2), noise reducing (6) and adjust-
(10) able (are slamming windows and blowing away of papers avoid-
ed?) (5). If inwards opening; check blinds (1), if ourwards; check

sun shading (1). Has the one most affected most control ?(5)

74

3. Window shape

r—  — — 72 r — — — 7 — — —n7

| [ [ |

N N O |

| I [ |
S |

r—— — =2 r— — — Oar — — — 7

| [ [ |

| <:> N e

| [ [ |

L - - — 4 L - — — 1L - — — 1

! The shape influences the direction of the air flow. Does the ! The size influeces the amount of air and air speed.
shape guide the air in the right way? If direct effect Is the one Is it effective enough and controllable? (3&5)

where the window is directed to in control? (5) If indirect: Will

mixing with indoor air occur? (5)

7. Protecrors Combining sub-choices

Which protectors are needed? How can the protectors be in- Vs it still manageable? (2&9&11)

tegrared in such a way thar the operable parts can be opened

while the protectors are in use? (5)

75
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Discussion & Reflection

- Comparing and supplementing results

- Suggestions for further research
Relation OFE design with:
Objections, Acoustical performance and Draught

OFE’s in polluted environments
Relation OFE’s & climate control

“Research for better OFE Design”

Personal control and indoor air quality improvement = Wider social context
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Discussion & reflection - context mapping

New insights & perspectives

\‘\h\e(c “\c Next time:
mqsic kappens

Multiple group sessions
More extensive testing up front

Ask an assistant
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Conclusion

Which aspects affect the usability of

operable facade elements for personal
control on thermal comfort and air quality?

How do these aspects affect the usability of
operable facade elements?

How can an operable facade element that
meets these criteria look like?

How can designers use this information for
facade design with better usable operable
facade elements?

Problem — Aim — |.Research — Il.End products — Discussion & Reflection - Conclusion — End
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that offer user control

Rolien Wisse
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