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Abstract
Computational techniques offer new opportunities within 
architectural design practice, affecting not only issues of form 
and fabrication, but also the management of architectural design 
processes. This white paper presents the bespoke process for 
the computational design development of a public furniture in 
the form of a 65-meter-long bench specifically designed for  
Forumtorget, a public square in Uppsala, Sweden. 

The paper covers the project design development from concept to completion, as well 
as the development of computational design system* that facilitated this process. The 
use of computational design* methods was essential for the complex design, and be-
yond formal possibilities and process automation it allowed a postponement of certain 
design decisions to very late in the project, which in turn facilitated a less linear design 
process. Reflections on the specific design and development workflows developed 
are presented, including issues relevant at competition stages, during design develop-
ment and refinement, and as part of procurement and production. The Endnotes section 
include additional details in terms of methods, processes and design solutions.

The Forumtorget Bench development was led by Dsearch, a specialist team for 
computational design within White Arkitekter AB. The bench was a key part of a 2011 
winning competition proposal for the transformation of Forumtorget, a square in central 
Uppsala. The computational design systems* and processes developed were carefully 
set up to support the collaboration between multiple parties –architects, designers 
and landscape architects, client representatives, facility managers, producers and the 
general public. The project development was extended in time due to the refurbishment 
of an adjacent department store – from 2011 to 2018. This meant that the development 
was subjected to shifting project conditions, as well as the continuous advancement 
of the computational design standards developed by Dsearch. The conditions for the 
design development also included a demand for longevity – 30+ years in a demanding 
location, which sets this development apart from similar prototypical projects, reflected 
in the robust design and material selection.

Jonas Runberger 
Design and Development Lead of the Forumtorget bench

Dsearch is a computational design development team within  
White Arkitekter AB. The Dsearch team is actively engaged in  
computational design development for specific projects, as well as 
for generic toolkits generally applied in projects. 

This is a self-published document from White Arkitekter. The format 
white paper is used for informational documents presenting offers, 
projects, or methodology in depth.



Overview from the eastern 
street side towards the 

square (top), and eaxmples 
of features, including the 

”reclining bench”, the ”deep 
platform”, the ”step-up sofa” 

and the transition from bench 
to stairs.  The ridge-like 

formation of the backrest 
(right page).
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D E SIG N FE ATURE S

A Landmark 
Bench
The Forumtorget bench is an urban and architectural 
multi-functional seating element with a range of seating 
configurations in order to provide comfort to anyone. A 
vital element of the transformed square, it is placed as 
a demarcation between the gradient slope of the square 
and its extension into a street, and a levelled and ramped 
passage along an adjacent department store. These shifting 
ground conditions led to a terrain-like design strategy and 
the creation of an interstitial space adding new value to the 
urban context, and a distinct expression to the square in 
central Uppsala. The development of the bench was led and 
conducted by the Dsearch team from the competition stage 
to completion, in close collaboration with the design team 
for the overall project as well as with external specialists. 

Following the Smedsgränd street as 
extended into Forumtorget, the bench 
stretches 65 meters, interrupted at two 
locations by connecting stairs. The 
bench can be used from both sides, 
and functions in this sense as a double-
sided sofa with a common backrest. 
The difference in ground introduces a 
gradual shift between the two sides - in 
some locations the seats are almost 
at the same level with a close relation, 
in others they are separated providing 
more privacy between the two sides. As 
part of the overall design for the square, 
the bench is one of three main elements, 
together with the public floor that allows 
different activities and the plateau that 
provides seating and can act as a stage 
for events.

The composition with its rhythm and 
the controlled seating principles pro-
vides an overall coherent design. Within 
this scheme there are many articula-
tions. The changing overall form of the 
bench combines repeating elements 

with distinct features. From differ-
ent perspectives it can be perceived 
as a meandering ridge or a silhouette 
shifting in height. It has a rhythm that 
suits the passage on foot - sometimes 
calmer, at other times more dramatic. It 
reaches down and adapts to the stairs 
at two locations and cantilevers out at 
both ends of the bench. In its articula-
tion the bench operates as a human-
scaled landmark in the urban terrain, 
designed for human use and interaction. 
Rather than using a singular template, it 
acknowledges the differences in human 
body form, to provide a perfect spot for 
everyone. This influenced aspects such 
as seating height, depth, and back rest 
inclination. Armrests at key locations 
where the seating height is appropriately 
high ensures accessibility for all.  For a 
longer stay one can find a low and laid-
back position, for a short rest one can 
choose a higher area. 

The vertical transition between the dif-
ferent seating heights in the longitudinal 



Overview from the square 
towards the eastern street 
side, and examples of and 

the transition from bench to 
stairs (Left page). Detail of 

armrest and handrail (above).
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The colour scheme 
in light gray, with 

inserts in brass 
slowly darkening over 

time, makes it softly 
related to the stone 

of the solemnly paved 
square, yet articulated 

by the drama of its 
shifting form and the 

actions of its users. 

A L AND MARK BE NCHD E SIG N FE ATURE S

direction along the length of the bench 
provides a continuity, but also alternate 
ways to sit or lie down with a head rest. 
Unique configurations appear at times, 
such as the ”step-up sofa”, the ”deep 
platforms” or the ”reclining benches”. 

The transformation of the form along 
the length of the bench is achieved 
through a lamella principle – the bench 
is designed and produced through the 
division of the overall form into sec-
tions of 19 mm, materialized through 
the use of custom cut lamellas in quartz 
composite and glass. This principle 
handles all different formal variants and 
was generated through the develop-
ment of a computational design system*. 
The formal principle was further refined 
through the introduction of gradually 
shifting fillets of the corners of each 
section as well as the control of the 
border between composite and glass 
- another motif in the overall form. This 
interplay between opaque elements 
in quartz composite and translucent 
elements in glass led to another devel-
opment, a pullback of all glass lamellas 
protecting them through the adjacent 

protruding composite elements, as 
well as introducing sloping surfaces for 
water fall off for all horizontal surfaces. 

The materials were selected for their 
permanence. The quartz composite 
artificial stone takes the stress of the 
urban environment. It protects the in-
serted glass that glows at night through 
the integrated lighting armatures inside 
the bench. Armrests and handrails are 
distinctly shaped in brass, a material 
also used for the protective plates at the 
base. The in-situ cast concrete founda-
tion, hidden below the bench, is in turn 
piled to withstand the expected settling 
of the ground. The colour scheme in 
light grey, with inserts in brass slowly 
darkening over time, makes it softly re-
lated to the stone of the solemnly paved 
square, yet articulated by the drama of 
its shifting form and the actions of its 
users. 



Vy från gågatan

GOLVET SOFFAN PLATÅN

Låt oss presentera förslaget:

Ett enkelt golv länkar samman Dragarbrunnsgatan och 
gågatan. Golvet bildar basen för platsens sociala liv. 
Det bjuder in till möten, vila och aktivitet. 

En kraftfull soffa stärker den öst-västliga riktningen,  
svarar upp mot Åhlénsfasaden och tar upp nivåskillnaden 
mellan entréer och gata. En långsträckt, föränderlig plats 
som var och en kan ta i besittning på sitt vis.

En generös platå skapar en plats att vistas på och en subtil 
avgränsning mot gågatan. En scen och en sittplats som attra-
herar och bildar fokuspunkt på torget.

Centrums utveckling
Handel behöver levande stad, staden behöver levande handel. Handeln ska vara attraktiv 
och lockande. I Uppsala centrum uppgraderar man nu för att utmana och komplettera 
konkurrerande externhandel. Handelsfastigheter utvecklas och stadsrummen hänger på.  
Det håller på att utvecklas ett pärlband av uttrycksfulla platser och gator med egen karaktär 
i centrum - Dragarbrunnsgatan med sina platser, Årummet, Resecentrum och Vaksala torg. 

När centrum utvecklas är det viktigt att kopplingen mellan gågatan och den uppgraderade 
Dragarbrunnsgatan stärks. De två nordsydliga affärsgatorna är genomgående pulsådror som 
kopplas ihop med flera gränder. Dessa gränder kan kontrastera mot gatorna och med fördel 
ges olika uttryck så att deras identitet stärks.  

Forumtorget då och nu
Forumtorget är en skapelse av Gunnar Leche, ett informellt stadsrum mellan KF ś Forum och 
Tempohuset. Torget var tänkt som en mötes- och förplats för Forums huvudentré och restau-
rang. Även diagonalen som idag är Forumgallerian planerades av Leche. Rikt-
ningen på torgets markmönster och gallerians entré berättar fortfarande om diagonalen.
Forumtorget är en mellanplats, men det har på grund av sitt läge utvecklats till en mycket 
viktig knutpunkt och mötesplats för människor i staden. Här passerar man mellan olika af-
färer, stämmer möte eller tar en paus. 

Platsen i sig har idag få kvaliteter. Den är inget man visar upp för sina gäster. Att den 
fungerar och är befolkad bra beror på dess läge och det som händer omkring den. Här finns 
inga sittplatser, inget strukturerande element, inga identitetsskapare - allt flyter. Trots detta 
används platsen. Kan en ny gestaltning ta vara på och utveckla detta – läget och förmågan 
att attrahera människor?   

Torget och omgivande byggnader
Forumtorget är en liten, informell plats med ett mycket strategiskt läge mitt i den kommer-
siella stormens öga. Här bröstar snart nya Åhléns upp sig. Fasaden skäms inte för sig och 
kommer bli en självklar fokuspunkt. På södra sidan har bebyggelsen ett intimare uttryck i 
både skala och material.  Kan torget matcha detta så att det både svarar upp mot Åhléns 
och samspelar med Forum utan att underordna sig? Ja, vi tror att torget kan vara kraftfullt 
och uppseendeväckande på ett inbjudande vis som både utmanar, matchar och samspelar. 

it’s all about sitting down 
and what’s in between! SOfFTA!
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Materialreferensbilder

GOLVET
Vi sökte ett sätt att markera den historiska diagonalen, men 
landade i en enklare rätvinklighet. Endast trappstegen som tar 
upp nivåskillnaden mellan Forumgallerians entré och de högre 
belägna butiksentréerna på Forum har diagonalens riktning. 
Detta ger en generösare plats framför galleriaentrén. Trappan 
förses med handledare av mässing. Ytan lutar jämnt mellan 
Åhléns och Forumhuset. 3 meter utanför Forum ligger ett veck 
med linjeavvattning. Framför Forumgallerians entré skapas en 
lågpunkt med brunn. Utmed soffans översida mot Åhléns ligger 
en linjeavvattning. I Smedsgränd läggs en låglinje med brunnar. 

Material
Vi föreslår ett sobert golv som är mörkt till sin karaktär. Ett antal 
subtila skiftningar i ytan skapar en variation. Det mörka bidrar 
till att stärka platsens identitet i och med att det skiljer sig från 
Kungsängsgatans och Dragarbrunnsgatan ljusgråa beläggning-
ar. Golvet består 180 millimeter breda förband i fallande längder. 
Materialet kan med fördel vara granit i några olika sorter, med 
en ytbearbetning som varieras mellan flammad och råhuggen. 
Där det inte finns risk för halka kan även polerade stenar läggas 
in. Materialet kan också vara skiffer med sin naturliga variation. 

PLATÅN
Torget är per definition en öppen plats – den ska inte övermö-
bleras! Platån är mer än en möbel, den är en plats på platsen. 
Den bildar en subtil avgränsning mot gågatan, en avgränsning 
som tack vare sin form är lätt att röra sig över och runt. Platån 
är både en läktare och en scen för talare och uppträdanden. 
En vistelseplats och en fokuspunkt. Den är försiktigt utskjuten i 
gågatan för att annonsera platsen. Här kan man sitta och spana 
upp och ner längs gatan. Runt kanten finns kraftiga armstöd 
av mässing för ett komfortabelt sittande. På den del som vetter 
mot torgets mitt finns vattenmunstycken på platån och intillig-
gande stenläggning. Dessa styrs så att de vid valda tider kan ge 
en vattendimma eller strålar. Värme kan integreras i kanten. 

Material
Platån skulle kunna bestå av samma material som soffan. 
Snyggt, men inte helt oproblematiskt med den runda formen 
och önskade funktioner. Nej, platån är det tredje – golvet, sof-
fan, och platån. Den är massiv samtidigt som den är svävande, 
av terrazzo, kanske med en dragning åt grön. Två halvor som 
gjuts i samma form. En len yta att vara nära, som glänser när 
den begjuts med vatten.

... och golvet & platån:

SOFFAN
Soffan är ett superurbant element som hämtar sin karaktär från naturens 
organiska och lekfulla former. Dess planform har sitt ursprung i stadens 
rätvinkliga och byggda logik. Sektionerna varieras och kombineras för att 
skapa en så intressan och användbar form som möjligt. Den modellerings-
metod vi använder gör det lätt att utveckla och justera formen utifrån ön-
skemål om ytterligare funktioner och uttryck. Det viktiga är att soffan blir 
ett kraftfullt element som svara upp mot Åhlénsbyggnaden och stärker 
den öst-västliga kopplingen mellan gågatan och Dragarbrunnsgatan. Och 
att den kan användas på olika sätt så som sektionerna nedan visar. 

Längdsektion, skala 1:200
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Material
Vi började med att tänka massiv trä (vilket också är möjligt) men fastnade 
slutligen för högtryckslaminat (HDL) – ett mycket hållbart material som 
kan fås i ett rikt spektrum av olika färger. 20 mm tjocka skivor med färgade 
sidor varvas med 25 mm tjocka skivor av akryl (plexiglas). HDL-skivornas 
kanter rundas för att bli bekväma. Akrylskivorna är något mindre så de lig-
ger försänkta mellan HDL-skivorna. Soffan byggs i sektioner som lätt kan 
lyftas bort för underhåll och om man vill komma åt bakom eller under. Varje 
skiva är individuellt utformad, men produktionen sker rationellt med hjälp av 
CNC-fräs som styrs av en digital modell. Det finns två möjlighetet vad gäller 
soffans övergång till trappsteg. Antingen de redovisas i planen, med steg 
av sten inspänd mellan soffsegmenten. Eller som i flygbilden med flytande 
övergång, men kanske fortfarande med markens material. Trapporna förses 
med handledare av mässing. Även soffan förses med armstöd i mässing.
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av mässing för ett komfortabelt sittande. På den del som vetter 
mot torgets mitt finns vattenmunstycken på platån och intillig-
gande stenläggning. Dessa styrs så att de vid valda tider kan ge 
en vattendimma eller strålar. Värme kan integreras i kanten. 

Material
Platån skulle kunna bestå av samma material som soffan. 
Snyggt, men inte helt oproblematiskt med den runda formen 
och önskade funktioner. Nej, platån är det tredje – golvet, sof-
fan, och platån. Den är massiv samtidigt som den är svävande, 
av terrazzo, kanske med en dragning åt grön. Två halvor som 
gjuts i samma form. En len yta att vara nära, som glänser när 
den begjuts med vatten.

... och golvet & platån:

SOFFAN
Soffan är ett superurbant element som hämtar sin karaktär från naturens 
organiska och lekfulla former. Dess planform har sitt ursprung i stadens 
rätvinkliga och byggda logik. Sektionerna varieras och kombineras för att 
skapa en så intressan och användbar form som möjligt. Den modellerings-
metod vi använder gör det lätt att utveckla och justera formen utifrån ön-
skemål om ytterligare funktioner och uttryck. Det viktiga är att soffan blir 
ett kraftfullt element som svara upp mot Åhlénsbyggnaden och stärker 
den öst-västliga kopplingen mellan gågatan och Dragarbrunnsgatan. Och 
att den kan användas på olika sätt så som sektionerna nedan visar. 
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Material
Vi började med att tänka massiv trä (vilket också är möjligt) men fastnade 
slutligen för högtryckslaminat (HDL) – ett mycket hållbart material som 
kan fås i ett rikt spektrum av olika färger. 20 mm tjocka skivor med färgade 
sidor varvas med 25 mm tjocka skivor av akryl (plexiglas). HDL-skivornas 
kanter rundas för att bli bekväma. Akrylskivorna är något mindre så de lig-
ger försänkta mellan HDL-skivorna. Soffan byggs i sektioner som lätt kan 
lyftas bort för underhåll och om man vill komma åt bakom eller under. Varje 
skiva är individuellt utformad, men produktionen sker rationellt med hjälp av 
CNC-fräs som styrs av en digital modell. Det finns två möjlighetet vad gäller 
soffans övergång till trappsteg. Antingen de redovisas i planen, med steg 
av sten inspänd mellan soffsegmenten. Eller som i flygbilden med flytande 
övergång, men kanske fortfarande med markens material. Trapporna förses 
med handledare av mässing. Även soffan förses med armstöd i mässing.
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Material
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till att stärka platsens identitet i och med att det skiljer sig från 
Kungsängsgatans och Dragarbrunnsgatan ljusgråa beläggning-
ar. Golvet består 180 millimeter breda förband i fallande längder. 
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en ytbearbetning som varieras mellan flammad och råhuggen. 
Där det inte finns risk för halka kan även polerade stenar läggas 
in. Materialet kan också vara skiffer med sin naturliga variation. 
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Torget är per definition en öppen plats – den ska inte övermö-
bleras! Platån är mer än en möbel, den är en plats på platsen. 
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som tack vare sin form är lätt att röra sig över och runt. Platån 
är både en läktare och en scen för talare och uppträdanden. 
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Development 
Process
The conceptual development at competition stage relied on 
the understanding that the bench would be further refined 
through computational design means after the potential 
competition win. This planned post-conceptual development 
was followed through, further refining the form of the bench, 
and preparing the design for production. The process was 
guided through a combined leadership of both computational 
and formal design development, allowing opportunities to 
make final formal decisions to very late stages in the process. 

COMPETIT ION S TAGE AND E ARLY 

FORM DE VELOPMENT

The formal variation of the bench caters 
for a vast number of different comfort 
conditions – allowing individuals com-
fortable seating regardless of physical 
constitution or preference. This impor-
tant principle, and the required long life 
span and resistance to abuse, put high 
demands on the design decisions. The 
lamella based geometrical and material 
build up, material choices such as glass 
and quartz composites, and the early 
development of technical / structural 
details were specific responses to this. 

Breaking down a complex geometry 
into lamellas is a very common digital 
design trope* within architecture that 
rationalize production of free form ele-
ments. At the early stage this approach 
was chosen to provide a strong identity 
to the bench while affording a resolution 
operating at an intimate as well as global 
scale, with a rational production in mind.  
The adaption of an already established 
design principle further allowed focus 
to be put on its refinement– primarily 
looking at the range of alternate seating 
configurations to provide comfort for 
a wide range of preferences. With the 
early ambition to employ computational 

design as a design strategy – even 
before the design concept of the bench 
was defined, a design team with the 
necessary skill sets could be formed. In 
turn, this allowed the choice of a strong 
design concept that would provide 
many opportunities later in the process. 
The limited time during the competition 
stage required numerous short cuts in 
order to establish a formal principle and 
a vision fast, but the digital design mod-
elling was conducted in anticipation of 
the later computational design develop-
ment1. The organisational principles of 
the bench, three zones divided by two 
stairs, were set at the competition stage 
to provide good connections and acces-
sibility across the square and into the 
adjacent department store. A lamella-
based approach was selected to ad-
dress final production, but the proposed 
paper-based laminate panels were later 
abandoned due to the need for more 
robust solutions. At the competition 
stage the bench was coloured in orange 
to make it even more distinct on the site. 
For several reasons a more sombre grey 
was chosen at later stages.
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The gradual refinement of 
each section curve from ver-
tices to fillets and the trans-

formation of the overarching 
form by the individual control 

through control curves in 
plan and section (left page).  

General formal configura-
tion types varying along the 
site, taking ground level dif-

ferences into account. (above 
top). Design models from the 

competition stage, the form 
exploration using direct mo-
delling and the first version 

of the form driven by control 
curves (above middle). The 

bespoke lifting tool for future 
assembly (above bottom).
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IN IT IAL DE VELOPMENT

During the design development after the 
competition win the formal variants of 
the bench were further explored to find 
basic principles such as the relation be-
tween a fluid form and a distinct bound-
ary to the site. This was conducted 
through free form direct modelling* dur-
ing which the previous strategy of slicing 
up the form into lamellas was temporar-
ily abandoned, and alternate fabrication 
strategies such as casting were briefly 
considered2. This development led to 
the definition of three distinct configura-
tion types aligned with the local variation 
of ground levels in the three zones of the 
bench – defined through three key cross 
sections. With these principles set-
tled, the development moved to a more 
precise configuration, based on a set 
of ergonomically good standards and a 
more refined parametric model.  

While an overall understanding of the 
shifting form early on could be achieved 
through direct modelling and visual 
evaluation - on screen and as rendered 
images - a more precise development 
required alternate control mechanisms. 
This also allowed the inclusion of many 
technical solutions in the computational 
design system at early stage, extend-
ing the possibility of design changes to 
later stages in the process by defining 
parametric control. In terms of the formal 
development, schematic shifts in plan 
and section provided a certain degree 
of repetition – a global modularisation 
of the shifting form giving the bench a 
recognizable but transforming identity. 
At a more local scale, minute changes in 
form such as the rate of transformation 
between seating configurations, could 
be controlled very precisely. 

Initially the three zones of the bench 
were designed with their own spe-
cific seating configuration. Later more 
variance was allowed, in which these 
three configurations were blurred into 
each other allowing localized identi-
ties to emerge while retaining a coher-
ent whole. The initial basic principle 
of sectioned elements with an open 
gap between each lamella was fur-
thermore revised into a final solution 

with a merged combination of opaque 
and translucent elements following an 
interlocking approach defined as the 
overlapping principle. 

In anticipation of the final production, 
the complete bench was modularised 
into elements for pre-assemble, based 
on an estimate of 600 mm length to 
make them manageable. The exact 
module measures were adapted to the 
form of the bench, assuming that inter-
faces between modules would be better 
concealed in the areas of transforma-
tion – this could be rationalized post-
tender into more uniform modules given 
the feedback from the producer. Given 
the specific design of the modules, a 
bespoke lifting tool that would allow as-
sembly on site and future maintenance; 
this was indeed used by the producer 
for the final assembly. 

COMPUTATIONAL DE SIGN SYS TE MS

The development of the computational 
design system allowed for greater con-
trol of form at both global (the overall 65 
meters of bench) and local (individual 
seating areas and smaller detail) levels. 
For this purpose, further direct model-
ling was avoided, and the model was 
instead generated through a set of con-
trol mechanisms. The design system al-
lowed designers to interact through the 
definition of key cross sections, and the 
manipulation of a series of 2D-control 
curves in plan and section3.

The design system in this way by-
passed the free form surface and 
instead generated section curves di-
rectly – making the step of “slicing up a 
surface” obsolete, and creating stepped 
outlines of lamellas to be used as cut 
lines for fabrication, only occasionally 
generating solid geometries for visual 
evaluation through rendering. All in all, 
the design system was set up to control 
ca 3000 cross sections, first generated 
as polylines with sharp corners, later 
given a fillet with locally defined radii, 
again controlled through control curves. 
The use of straight lines and arcs for all 
geometry was alter beneficial to speed 
up the production process.

COMPUTATIONAL D E SIG N SYS TE M COMPUTATIONAL D E SIG N SYS TE M
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Elevations of the middle sec-
tion of the bench – between 

the two staircases – showing 
the iterations of develop-

ment from competition stage 
to final design (left page). 

Example of fillet transforma-
tion (above top). Comparison 

generated model and final 
bench, also showing the 

overlap principle of opaque 
and transparent lamellas 

providing a patterning effect 
(above bottom).
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D E SIG N ITE R ATIONS D E SIG N PROCE SS AND REVIEWS

Each section was further divided into 
two segments in order to achieve the 
overlapping principle; an opaque part 
(to be produced in quartz composite) 
and a transparent part (to be produced 
in glass). The relation between the 
segments shifted between each sec-
tion to achieve the overlaps, where the 
opaque areas became continuous over 
the length of the bench, with transpar-
ent inserts. The shifting positions of 
these divisions were automated as part 
of the system and became an additional 
design element for further articulation of 
the form of the bench. This also featured 
the pullback that protects the glass 
lamellas and provides sloping surfaces 
for water falloff. In addition, the design 
system included the detailing of each 
element in terms of the interface with 
the structural base. The exact specifica-
tions of these elements could be defined 
at late stage once the producer was 
defined. The principle of using 2D eleva-
tion and plan curves for the control of 
the design system was associated with 
the continuous production of represen-
tations of the bench, again in elevation 
and plan. Given that the global and local 
composition of the design had to be as-
sessed in parallel, this led to a workflow 
where the bases for design exploration 
was conducted through occasional 
manual sketching on printed 2D draw-
ings, internally in the computational de-
sign team as well as in the larger context 
of collaborating parties. 

As part of general Dsearch develop-
ment procedures, the computational 
design system was developed through 
definition versioning*, in which different 
computational functions were devel-
oped over time in an iterative way as an 
integrated part of the development, and 
all critical steps were documented to 
ensure quality and process control4.

DE SIGN PROCE S S AND RE V IE WS

The next stage saw an expansion of 
the design team, integrating expertise 
ranging from furniture design and pro-
duction, to lighting design and land-
scape architects. The collaboration was 
facilitated through a series of curated 
design reviews, where each iteration 
of development was used as a basis 
for expert discussions and decisions. 
This was further supported through 
the physical modelling and prototyp-
ing introduced into the process – see 
Physical Prototyping - accommodat-
ing evaluation by the complete team, 
and a better understanding of physical 
performance such as comfort and light 
distribution.

The outcomes of the computational 
design development, the scale models 
and the prototypes were in this way 
evaluated through a series of internal 
design reviews5, each followed by an ex-
ternal client meeting. The design review 
assembled the full design team, and 
covered issues such as overall design, 
seating comfort, materials, structure, 
detailing and production issues. The 
interdisciplinary competencies in the 
design reviews included architecture, 
landscape architecture, furniture design, 
parametric design, project management, 
lighting design and furniture production. 
The basis for discussions consisted of 
representations of design in 2D draw-
ings, renderings, models, and proto-
types, as well as reports from enquiries 
into materials and cost estimates. The 
findings and decisions from each review 
were presented to the client, and impor-
tant issues were brought to the follow-
ing review. 

January 2013

July 2013

July 2013

December 2013

July 2014

March 2015

September 2015

February 2017

April 2017



Examples of physical tests 
produced throughout the 

process, including physical 
models employing laser-

cutting and 3d printing (left 
page top), prototype 1, 2 

and 3 (left page mid), and 
the placement of prototype 

3 on the actual Forumtorget 
square (left page bottom). 

The in-house production of 
prototype 2 (above).
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MATE RIAL D EVE LOPME NT

MATERIAL DE VELOPMENT

At this stage of the design develop-
ment, physical scale models were used 
to evaluate the design - both internally 
within the design team and with the cli-
ent. The lamella-based solution made it 
optimal for smaller models to be pro-
duced by a laser cutter available within 
the office, but the overall form was also 
explored in 3d-printed models6. In order 
to develop principles for fabrication and 
to evaluate comfort and function, four 
full-scale prototypes were also pro-
duced at key steps of the process7.

The material model and prototyping 
process led to many design decisions 
regarding detailed form, the overlapping 
principle and combination of opaque 
and translucent elements, and dimen-
sioning in relation to seating comfort. 
The findings together with environmental 
considerations also led to the final deci-
sion regarding material choice; coloured 
quartz composite boards and frosted 
glass, with a substructure of stainless 
steel. 

TENDERING AND PRODUCTION

Given that the Forumtorget project as 
a whole was subjected to Swedish 
regulations on public tender, the bench 
was managed as separately from the 
general Forumtorget project in order 
to be tendered as a product, a model 
normally used to purchase public 
furniture of more standard character. 
This process was initiated by an open 
Request for Information (RFI) provid-
ing the team with the opportunity to get 
feedback from interest producers based 
on samples from the forthcoming tender 
documentation. This was followed by an 
open call to qualify for the tender, after 
which selected parties were invited to 
bid. In the final tendering process the 
assessment was advised by the White 
design team. The German firm Rosskopf 
+ Partners partnering with Swiss 
Design-to-Production was selected and 
completed the production and assembly 
of the bench. 

During this stage, the computational 
design system was revised for partial 
automation of the tender documents. 
A drawing management system was 
set up in Rhinoceros, using the Work 
Session functionality. A set of 19 tender 
documents were generated, including 
overviews of the project, fabrication 
planning documents as well as detail 
and assembly drawings. 

Several final detailing decisions had 
been left unresolved awaiting direct 
communication with the producer. Once 
the tender was over, these decisions 
could rapidly be made, and changes 
could be implemented through the com-
putational design system. This primar-
ily covered issues such as tolerances, 
modularisation, and assembly proce-
dures.8 In addition, further development 
of the design system was conducted 
for certain features that depended on 
production feedback.9

After system changes regarding 
lamella thickness and module sizes were 
implemented, the producer delivered a 
final prototype of one module, in order to 
ensure that the production and assem-
bly principles were adequate, as well as 
making final checks on design. The pro-
totype module ended up being 5 mm too 
wide, which led the producer to adjust 
the assembly and gluing process. A few 
other minor issues were resolved, such 
as a weakness in the armrest solution. A 
new version was designed in collabora-
tion with the producer, now integrating 
the armrest into the lamellas (by remov-
ing part of the relevant lamella), rather 
than fitting it on the lower steel structure 
independent of the lamellas.

TE ND E RING AND PRODUC TION
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Pre-production prototype, 
production, assembly, and 

on-site montage (left page). 
Close-up of auto-generated 
axonometric from final pro-

duction documents (above).
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PRODUC TION AND ASSE MBLY

Due to the necessity of starting the 
production early, it was decided that 
delivery of production instructions 
would be done in phases, allowing more 
work on parts that needed additional 
development. Instructions were sent to 
Design-to-Production for final proof-
ing in the form of the lines and arcs of 
each lamella, positioned correctly in 
a 3d model. Any errors identified was 
corrected by the Dsearch team, after 
which the responsibility for quality 
control was given over to the producer 
and partner. For the final pre-production 
step, Design-to-Production nested* all 
geometries based on the stock side of 
composite and glass panels and submit-
ted production documentation directly 
to the producer.

All quartz composite and glass com-
ponents were produced directly from the 
nested production instructions through 
water jet cutters, manually tagged and 
sorted with the module they belonged 
to. Production was following the order of 
assembly on site, starting with zone A. 
All cut elements were manually sanded 
to improve the surface quality and as-
sembled directly on the stainless-steel 
foundation, mounted on a jig that simu-
lated the local ground condition. Several 
modules were put in series together to 
make sure they would align in an appro-
priate way, and then packed for transport 
module-by-module. When delivered on 
site, each module was mounted directly 
in its location on the concrete foundation, 
with an assembly team from the producer 
using the custom lifting tool. The com-
plete mounting time for the overall bench 
was ca two weeks.

TE ND E RING AND PRODUC TION



All control curves defining 
the design, including cross 

sections, bottom edge, glass/
composite overlap, pullback 
of lamellas, fillets, division of 
lamellas, structure, concrete 

foundation and position of fit-
ting bolts (left page top), with 
seven selected examples of 

their effect (left page bottom).  
The variation of seating 

dimensions represented in 
seven key sections (above).
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COMPUTATIONAL D E SIG N SYS TE M NOTATION

Reflection
The set-up of the computational design system to support 
a project from competition stage to production stage 
requires strategic understanding of the future potentials 
of the methodology. As many factors are unknown at early 
stage, careful consideration is needed when deciding 
how much time can be spent for development at each 
stage. Once the project specific conditions are fairly well 
defined, development can go into more advanced levels. 

In the computational design develop-
ment for the Forumtorget bench, a num-
ber of critical issues were addressed 
at different stages. In the early concept 
phase, the geometrical build-up was 
defined in principle, allowing for later 
stage refinement. Basic computational 
techniques at this stage were used to 
provide representational models for 
competition presentation, including 
potential principles for construction and 
fabrication.

Following this the range of possibili-
ties were explored in an open-ended 
way, allowing for an agreed upon span 
of variants. Schematic principles for 
comfortable seating considerations 
were defined, and distinct features for 
the three different zones of the bench 
were set up.

During the next stage the computa-
tional design system was developed 
iteratively to allow full control of formal 
variation, detailing, fabrication docu-
mentation and representation. Most 
major conditions were known at this 
time, including the overarching for-
mal strategy as well as principles for 
production. Details, joints and struc-
ture were developed as parameterised 
principles well before the final form 
was set. This allowed a reversal of the 
process in terms of keeping final deci-
sions on form to a very late stage, while 
providing general solutions for fabrica-
tion and structure early on. In the last 
stage the design system allowed for 
potential technical updates depending 

on producer feedback, while maintaining 
the possibility to make design changes 
to the form. The focused design reviews 
based on representations and reports 
produced through the versioning ap-
proach catered for the consideration of 
many issues at early and intermediate 
stage. A number of issues were identi-
fied and deemed to be unique for this 
type of project (in terms of challenges 
in design, fabrication and procurement).  
This included the documents for tender-
ing and procurement and the need to 
detail them at technical level, while still 
keeping them open for continued formal 
development. The procurement process 
following Swedish legislation for public 
projects through initial advertisement 
for interest, followed by a market survey 
and invitation to selected producers to 
leave offers, was a key to completing the 
project in the best possible way. 

With a project that depended on 
development through careful considera-
tions of production potential and limits, 
the design stage strongly benefited from 
the development of computational de-
sign systems, the production of physical 
models and prototypes, and co-planning 
for production and assembly as a joint 
effort with the producer. All in all, the 
Forumtorget bench was successful due 
to collaborative efforts, in many ways 
enabled through the iterative devel-
opment of the computational design 
systems. 
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PRODUC TION DOCUME NTS

1. The competition development was 

carried out as direct digital modelling* in 

Rhinoceros* 3D. Key 2D cross-sections 

were lofted in order to rapidly create 

conceptual forms, while computational 

design techniques in Grasshopper* were 

used to slice up resulting volumes and 

generate the schematic sections for the 

final presentation. The Rhinoceros model 

was finally exported to 3ds Max* for the 

final renders in the form of schematic 

axonometric perspectives, presenting the 

general overall form as well as the lamella 

principle. 

2. The direct modelling in the first 

stages of refinement after the competition 

win was enhanced through the T-Splines* 

plug-in, allowing for a greater control of 

overall form – in effect turning the design 

development into a moulding of digital 

clay. 

3. The design system was set up to 

translate 2D geometries “drawn” in Rhino 

in two ways. Key cross sections could 

be placed at specific positions along the 

length of the bench, ensuring that seats 

and back rests would have appropriate 

height in relation to the shifting ground. 

The continuous shifting form between 

these key cross sections could be defined 

by 2D control curves in plan and elevation 

at control point level. The scripted design 

system transformed the geometrical infor-

mation into data processed through com-

putation, in order to directly produce a 3D 

geometry consisting of the actual cross 

section curves representing individual 

lamellas.  A cross section control curve 

consisting of a polyline with eight vertices 

and seven lines was set up as a basis for 

this generation.

4. Excerpts from the definition 

log* shows the following key steps of 

development:

• Version 05: Setting up the generation 

of curves, with position controlled 

directly from Grasshopper.

• Version 08: Setting up the control 

curves in plan and section to control 

the generation of cross sections.

• Version 17: Setting up first version of 

laser cutting production documents.

• Version 20: Revising definition to more 

efficient layout.

• Version 23: Setting up production 

documentation for physical prototype 

2, with manual modelling of overlap.

• Version 38: Replacing key graphical el-

ements in definition with Python Script.

• Version 41: Initiating Prototype 3 

development.

• Version 48: Adding automatic “over-

lapping feature” for lamella system.

• Version 54: Adding detailing elements 

interfacing with structure.

• Version 56: Final production docu-

ments for Prototype 3.

• Version 59: Adding features for draw-

ing production of sections, plans and 

axonometric.

• Version 65: Adding automatic import 

of Rhino geometries such as control 

curves.

• Versions 66-72: overall design devel-

opment of all zones.

• Version 74: Developing parametric 

scale figure.

• Version 76: Developing features to 

export models for 3D printing.

• Version 80: Introducing automated 

log-file generator.

• Version 82-83: Complete design revi-

sions of all zones.

• Version 87: New model set up for 

final design and tender doc, update of 

definition log to 2.1.

• Version 88: Revision of definition 

to new graphic standards for visual 

scripting.

• Version 89: Modularisation of bench, 

first alternative.

• Version 91-93: Design revision all 

zones.

• Version 94: Foundation revised.

• Version 96: Pullback revised.

• Version 100: Design revision all zones.

• Version 101: Primary structure 

parameterised.

• Version 119: Flux connection 

integrated.

• Version 127: Design revision all zones.

• Version 128: Pullback flip for special 

situations developed.

• Version 132: Delivery Zone A for pro-

duction - general modules.

• Version 142: Delivery Zone B for pro-

duction - general modules.

• Version 157: Armrests revised and 

parameterised.

• Version 158: Delivery Zone C for pro-

duction - general modules.

• Version 159: Final deliveries of all 

production documentation.

5. The following key aspects were cov-

ered during the design reviews:

• Design Review 1: New material alter-

natives considered (quartz composite 

and glass), internal lighting by LED, al-

ternative lamella assembly considered.

• Design Review 2: 1:2 scale model for 

light studies evaluated, prototype 2 

planned, production costs roughly es-

timated and related to materials used.

• Design Review 3: Evaluation of 

prototype 2, ‘overlapping principle’ 

between solid lamellas was evaluated 

and confirmed, decision was made to 

close gaps with glass, and material 

variants with specific cost estimates 

were considered.

Endnotes
These notes add further details on methods, processes, and 
design solutions, referenced in the general text. 

Examples of production do-
cumentation for one module 

(left page)
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VISUAL RE PRE SE NTATIONS

• Design Review 4: Detail solutions 

considered, production and delivery of 

prototype 3 planned.

• Design Review 5: Evaluation of proto-

type 3, production issues and surface 

treatment were considered, material 

choice was evaluated, and tolerances 

in structure and assembly considered.

6. The following scale models were 

produced:

• Laser-cut scale model of complete 

bench at scale 1:50.

• Multiple laser-cut scale models at 

1:10 to explore the formal principle of 

overlap and details of joints.

• Partial laser-cut model at scale 1:2 to 

study light transmission.

• Multiple laser-cut scale models at 1:10 

to evaluate form of prototype 3.
• 3d-printed scale model at 1:20 of 

complete bench.

7. The following prototypes were 

produced:

• Prototype 1 was based on principle 

sections with little variation and using 

high density laminate boards. This 

prototype was prepared by a producer 

and was brought on site temporarily to 

improving the understanding the scale 

and the effect of the double-sided 

bench principle in context. 

• Prototype 2 was developed as one 

600 mm long unit of the actual design 

by the Dsearch team, using a 3-axis 

CNC-router for the production of 

lamellas in medium density fibreboard 

(MDF) and clear acrylic plastic. It ex-

plored the principle of overlapping and 

alternate solutions for the use of trans-

parent material, as well as coloration. 

• Prototype 3 was developed as a 

compressed version of several formal 

principles of the complete bench, as 

four units of the actual design (4 x 600 

mm). This prototype explored actual 

materials, fabrication technologies, 

and solutions for joints and underlying 

structure, and was produced by an 

external party. Three different materials 

for solid lamellas were tested - glass fi-

bre reinforced concrete (GFRC), wood 

fibre reinforced concrete and quartz 

composite - in combination with glass. 

It was placed on site at Forumtorget 

for four weeks, allowing the public 

to use it. At a later stage it was also 

used to determine the best location for 

light fixtures and evaluated in terms of 

vandalism and abuse. 

• Prototype 4 was manufactured by the 

selected producer post tender, and 

was used to assess assembly, final 

dimensioning, and structural integrity. 

8. The following changes and consid-

erations were done through the computa-

tional design system after tender: 

• The lamella thickness was changed 

from the original 20 mm to 19 mm to 

better suit standard glass panel thick-

ness (the quartz composite would have 

a custom thickness regardless). 

• Tolerances were of particular impor-

tance, both in regard to the stack 

of lamellas along the length of the 

bench (Y-direction), and the height 

levels in relation to the in situ cast 

concrete foundation (Z-direction). The 

Y-tolerances were a potential issue, 

given the build-up of thickness due 

to the glue. The final decision was to 

model the complete bench with a 19.5 

mm section thickness and providing 

another 1.5 mm gap between each 

module. The Z-tolerances depended 

on the accuracy of the cast foundation 

and were handled by adding thin steel 

plates under the steel structure at the 

assembly on site.

• The modularisation of the bench was 

changed from an irregular module size 

(relating to the form of the bench, to a 

standardized module with a width of 

624 mm (with a few exceptions). This 

was based on the producer’s confi-

dence in that gaps between modules 

would be minimized and not visually 

disturbing. 

• A change of material for the supporting 

structure from stainless to galvanized 

steel was considered from a budget 

perspective, but later abandoned given 

that the producer received matching 

offers in stainless steel.

• The final decision to mount lamellas 

with glue only was taken, making the 

need of supporting rods inside the la-

mella structure obsolete. This required 

a new strategy for future repairs, where 

damaged sections of lamellas would 

be cut open with a diamond wire.

• The final decision on the colour of the 

quartz composite was made, shifting 

from the original orange to light grey, 

based on expected UV colour deg-

radation of stronger colours, and the 

effect from the coloured light.

• It was revealed that the machine used 

for final production - a somewhat dated 

water jet cutter, had difficulties in pro-

cessing spline curves - which would 

have slowed down the production 

process extensively. As the geometri-

cal principle for the lamella form was 

only based on lines and arcs, this was 

not a problem. 

• The setting of the final form 

configuration.

9. The following features were added to 

the design system after tender:

• Full parametric control over gradual 

shifts of edge fillets.

• Full parametric control over the shifting 

borders between composite and glass 

and setting final configuration. 

• Design of both end-sections of the 

bench. After conversation with the 

producer, it was decided that the ends 

would simply be glued on to the adja-

cent modules, using rods inserted into 

the lamellas for guidance. 

• The lamella depth was increased at 

points where the bench transformed 

rapidly, making sure of a minimum of 

70 mm overlap between lamellas. 

E ND NOTE S

Examples of representations 
used throughout the design 

process - cross sections with 
scale figure to assess bench 

proportions and comfort, 
and axonometric views of 

selected modules (left page). 
Snapshots from automated 
dimensioning tool (above).
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Glossary

Computational Design
Refers to the joint process of design and pro-

gramming, often through the use of dedicated 

modelling software with  

scripting capacity.

Computational Design System
The complete set-up of models and script-

ing environments that enable innovation in a 

project.

Definition Log
An automated log that allows Dsearch develop-

ment to be continuously document of each 

version for quality control.

Digital Design Tropes
Digital design tropes are reoccurring design 

principles that have emerged during the recent 

history of digital  

design, often linked to specific parametric 

techniques. 

Direct Digital Modelling
Refers to the direct manipulation of geometry in 

modelling software, with no aspect of scripting 

or computational input

Grasshopper
Grasshopper is a visual scripting environment 

for Rhinoceros*, and allows the association of 

geometrical elements in visual scripts* for a 

fully parametric system.

Rhinoceros 3D (Rhino)
Rhinoceros is a surface modelling tool, which 

can be extended by numerous add-ons. 

Together with the Grasshopper* 

plug-in it constitutes the main design platform 

within the Dsearch team. 

T-Splines
The T-Splines plug in for Rhinoceros*  

allowed free form modelling of complex  

topological forms – and extends the possibili-

ties for free form modelling. The plug-in is no 

longer available.

Versioning
In the Forumtorget project, the development 

of computational design systems* follows a 

versioning logic, where each version is applied 

and tested, to inform the next iteration. 

Visual Scripts
A back-end environment for computational 

modelling – in this case the Grasshopper* 

scripts. Allows programming through the linking 

of graphical elements.

3ds Max
A 3d-modeler and visualization tool.

VISUAL SCRIP T ING S TANDARDS

Terms in the article marked in this way       are described  
in this glossary.

The evolution of standards 
for visual scripting within the 
Dsearch practice during the 

development for the  Forum-
torget bench.
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