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)LJXUH&RQFHSW5HQGHULQJ

1. I ntroduction
The discourse on depleting natural resources
and compromised environments has led to
extended research on sustainable design
methods, building practices and materials.
%H\RQGWKHDFWXDOSHUIRUPDQFHRIEXLOGLQJ
products and components, research on
VXVWDLQDEOHEXLOGLQJLQFUHDVLQJO\IRFXVHVRQWKH
long-term effects of the production, application
DQGOLIHF\FOHRIEXLOGLQJPDWHULDOVRQWKH
natural environment, human inhabitation and
TXDOLW\RIOLIH
:KLOHPDWHULDOHIÀFLHQF\DQGRULJLQDUHSDUW
RIWKLVUHVHDUFKWKHSHUFHSWLRQRIXWLOL]LQJ
DVOLWWOHPDWHULDODVSRVVLEOHWRDFKLHYH´(FR
HIÀFLHQF\µFDQEHPLVOHDGLQJ:LWKQRW
RQO\WKHDPRXQWDQGRULJLQRIDPDWHULDO
DVVLJQLÀFDQWIDFWRUVWKHHFRORJ\RIWKH
IDEULFDWLRQSURFHVVDQGÀQDOSURGXFWQHHGVWR
EHHTXDOO\FRQVLGHUHG&RQVHTXHQWO\HIÀFLHQF\
needs to be understood in an expanded
ecological context.
7HFKQRORJLFDOGHYHORSPHQWVDQGHVSHFLDOO\
computer aided manufacturing technologies
SOD\DVLJQLÀFDQWUROHQRWRQO\LQWKH
transformation of design and building methods
WRZDUGVHIÀFLHQF\DQGVXVWDLQDELOLW\EXWDOVR
LQWKHYLVXDOL]DWLRQDQGSHUFHSWLRQRIFXOWXUDO
FRQGLWLRQVDQGGHYHORSPHQWV*OREDOO\DYDLODEOH
technologies connect the design and building
process to a broad range of long-term ecological
IDFWRUVFUHDWLQJDFRUUHODWLRQEHWZHHQ´WKH
emergent political, economical and social
processes and … architectural techniques,
JHRPHWULHVDQGRUJDQL]DWLRQµ7KURXJKWKLV
LQWHUUHODWLRQVKLSWRHFRQRP\DQGFXOWXUH
WHFKQRORJ\DQGLWVDSSOLFDWLRQVDUHGLUHFWO\
UHODWHGWRQRWLRQVRISODFHDQGWHUULWRU\DVZHOO
DVWRIXQGDPHQWDOLGHDVRIHFRORJ\
,QWKHWKFHQWXU\WHFKQRORJLFDOGHYHORSPHQWV
led to the decline of timber frame construction
E\PDNLQJWKHSURGXFWLRQRIVPDOODQG
XQLIRUPGLPHQVLRQOXPEHUYHU\HIÀFLHQW
7KHWKHQQHZO\GHYHORSHGFRQVWUXFWLRQ
V\VWHPVDOORZHGIRUDQGH[WHQGHGWKHXVH
RIZRRGLQFRQVWUXFWLRQE\UHO\LQJKHDYLO\
RQVWDQGDUGL]DWLRQWRLPSURYHHIÀFLHQF\RI
production process. At the same time, the
HIIHFWVRILQGXVWULDOL]DWLRQDOWHUHGWKHQRWLRQ
RIHFRQRP\LQQRWDFFRXQWLQJIRUZDVWHDQG
the parallel development of the engineered
SURGXFWVLQGXVWU\+RZHYHUPRUHUHFHQW
GHYHORSPHQWVLQWLPEHUIUDPLQJWHFKQRORJ\
SURPRWHIRUWKHHIÀFLHQWDSSOLFDWLRQRIZRRG
MRLQHU\WUDGLWLRQDOO\XVHGLQODUJHVHFWLRQ
timber to small scale wood members.
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These new developments in computer
controlled timber framing make structures with
ZRRGWRZRRGFRQQHFWLRQVHFRQRPLFDOO\DQG
HQYLURQPHQWDOO\YLDEOH
In addition, introducing wood-to-wood
connections as an alternative becomes attractive
EHFDXVHRIWKHEHQHÀWVRIEXLOGLQJRQO\
with wood. Most structural failures in wood
EXLOGLQJVGXHWRÀUHDUHFDXVHGE\ZHDNHQLQJ
of connectors. Eliminating metal connectors
could result in a more reliable structure while
VLJQLÀFDQWO\UHGXFLQJWKHFRVWRIFRQVWUXFWLRQ

2. Project objectives
7KHFROODERUDWLYHUHVHDUFKDQGGHVLJQVWXG\
for an outdoor theater roof structure at the
8QLYHUVLW\RI%ULWLVK&ROXPELD5HVHDUFK)RUHVWDW
Maple Ridge, B.C., Canada, focuses on the use
of digital media in prefabrication and material
RSWLPL]DWLRQZKLOHH[SORULQJFRQWHPSRUDU\WLPEHU
IUDPLQJDSSOLFDWLRQVIRUDVSDWLDOO\FRPSOH[
GHVLJQ%\XWLOL]LQJVPDOOVTXDUHVHFWLRQWLPEHU
DQGPLQLPL]LQJWKHXVHRIDOLHQDWLQJFRQQHFWRUV
the research on the wood roof structure
illustrates the potential of a design culture that
seeks innovation in a broader understanding of
HFRORJ\URRWHGLQUHJLRQDOFXOWXUHHQYLURQPHQWDO
FRQGLWLRQVHFRQRP\DQGWUDGLWLRQ/DERU
LQWHQVLYHPDQXIDFWXULQJWHFKQLTXHVDUHUHGHÀQHG
DLGHGE\FRPSXWHUFRQWUROOHGPDFKLQHVDQG
virtual modeling of complex geometries is
translated into simple operations. The result is
a more sensible and accurate response to the
context of the design intervention.

In order to generate innovative design
interventions that make a constructive long-term
contribution to the preservation, maintenance
and evolution of the environment, design needs
to be based on a comprehensive understanding
of its context and the distinctive qualities of the
materials used. The outdoor theater roof design

builds on the B.C. wood building tradition
DQGWKHH[LVWLQJIRUHVWU\LQGXVWU\WRSURPRWH
sustainable wood building designs through
PDWHULDOHIÀFLHQF\DQGHIÀFLHQF\RIDVVHPEO\
:LWKWKLVIRFXVWKHGHVLJQUHVHDUFKFRQWULEXWHV
WRWKHWUDQVIRUPDWLRQRIWKH%&ZRRGLQGXVWU\
IURPDUHVRXUFHEDVHGWRDWHFKQRORJLFDOO\
VRSKLVWLFDWHGDQGNQRZOHGJHEDVHGHFRQRP\
)LJXUH
Particular to the application of CNC wood
fabrication are the potential and limitations
RIWKHSURGXFWLRQWHFKQRORJ\DQGUHODWHG
timber framing software used for the design,
development and fabrication of the project.
(TXDOO\UHOHYDQWWRWKHGHVLJQSURFHVVXVLQJ
&1&WHFKQRORJ\LVWKHFROODERUDWLYHH[FKDQJH
between designers, wood scientist, engineers
and fabricators involved in the project to
DFFRPPRGDWHWKHGLYHUVLW\RILQWHUHVWV
expertise and concerns of all participating
researchers. This approach is consistent with
the notion that it is also no longer possible
WRXQGHUVWDQGFRQVWUXFWLRQVLPSO\LQWHUPV
RISURSHUXVHRIPDWHULDO5HFRJQL]LQJWKDW
´WKHDJHRIPHFKDQLFDOSURGXFWLRQRIOLQHDU
SURFHVVHV«LVUDSLGO\FROODSVLQJDURXQGXVµZH
QHHGWRHTXDOO\FRQVLGHUPDWHULDOUHVRXUFHV
SURGXFWLRQGHVLJQDQGDVVHPEO\SURFHVVHVLQ
order to achieve effective design solutions.
'LVVRFLDWLRQRIWKHLQÁXHQFLQJIDFWRUVOHDGVWR
HFRORJLFDOGHÀFLHQFLHVRIWKHGHVLJQ
Main focus of the project is the performance of
timber framing methods and traditional woodto-wood joints that were allowed to thrive due
to the abundance of large timber in smaller
square sections. The challenge of the theater
roof project lies in the application of traditional
timber framing methods mediated through CNC
WHFKQRORJ\WRWKHSURSRVHGURRIJHRPHWU\
:KLOHWUDGLWLRQDOZRRGWRZRRGFRQQHFWLRQV
were developed over time using trial and error
- precarious connectors were introduced later
WKHUDQJHRIGHYHORSHGWUDGLWLRQDOMRLQHU\LV
DSSOLFDEOHWRGD\XVLQJHPSLULFDOPHWKRGVIRUWKH
dimensioning of the elements.
3. Project description
The design research explores design methods
PHGLDWHGE\&1&ZRRGIDEULFDWLRQWHFKQRORJ\
:LWKWKLVIRFXVWKHSURMHFWH[SORUHVWKH
potential of the CNC beam processor to use
small spare lumber from standard larger scale
production to generate a complex roof structure,
WKHUHE\IRUHJURXQGLQJWKHSRWHQWLDORI&1&
ZRRGSURFHVVLQJDVDUHVRXUFHHIÀFLHQWEXLOGLQJ
WHFKQRORJ\ )LJXUH

)LJXUH&1&%HDP3URFHVVRU
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WKHDXGLHQFHDQRYHUVL]HGOHDISDWWHUQWKDW
SHUIRUDWHVWKHKRUL]RQWDOSO\ZRRGGLDSKUDJP
LQWURGXFHVLPDJHU\WKDWSRLQWVEH\RQGWKH
particular scale of the building intervention and
camp ground context.

)LJXUH0RGHO6WXG\RI5RRI6WUXFWXUH

)RUWKHGHVLJQD&$'&$0VRIWZDUHLVXVHG
WRJHQHUDWHD'PRGHORIDPDWHULDOHIÀFLHQW
OLJKWZHLJKWZRRGVWUXFWXUHOLQNHGE\ZRRG
to-wood connections. A CNC beam processor
will be used to fabricate the short 2”x4”
wood sections for the 8 x 11 meter space truss
theater roof structure that will be hung from
the existing columns at the site. A perforated
SO\ZRRGGLDSKUDJPSURYLGHVURWDWLRQDOVWDELOLW\
at the top. The bottom plane of the structure
is articulated to illustrate the moment forces
ZLWKLQWKHVWUXFWXUHDQGWRSURYLGHWKHVSDWLDOLW\
UHTXLUHGDERYHWKHVWDJH)RUUDLQDQGVQRZ
protection, the wood roof structure is covered in
light-weight corrugated translucent panels that
allow sunlight and shadows of the surrounding
trees to animate the space truss design.

)LJXUH$V\PPHWULFDO&RQÀJXUDWLRQ

:KLOHWKHGHVLJQDLPVWRVDWLVI\WKHVSHFLÀF
needs related to program, climate and locale,
WKHSURMHFWHTXDOO\UHIHUHQFHVFRQFHSWV
EH\RQGWKHVLWHDQGLPPHGLDWHFRQWH[WRILWV
LQWHUYHQWLRQE\LQWURGXFLQJDVFDOHLQGHSHQGHQW
RIWKHVL]HDQGUHVROXWLRQRIWKHZRRG
VWUXFWXUH7KHURRIZLWKLWVV\VWHPVRIVSDWLDOO\
LQWHUORFNLQJWUXVVHVLVDV\PPHWULFDOLQRUGHU
to read like a fragment of a larger continuous
VXUIDFH:KLOHWKHORJLFRIWKHZRRGVWUXFWXUH
UHVSRQGVHTXDOO\WRWKHIRUFHVLQWKHURRIDQG
the orientation of the stage towards

:LWKDIRFXVRQUHVRXUFHDQGPDWHULDOHIÀFLHQF\
SURFHVVHIIHFWLYHQHVVWRZDUGVHFRORJ\LQWKH
use of the smallest members possible and wood
WRZRRGMRLQHU\WKHGHVLJQUHVHDUFKHTXDOO\
explores the limits of the CNC fabrication
WHFKQRORJ\,WUHOLHVRQWKHFUHDWLYHXVHRI
timber framing software used to prepare the
data for the CNC beam processor. The complex
JHRPHWU\RIHDFKSLHFHLVWKHQWUDQVODWHGWR
machine language resulting in the operations
required for the fabrication of the components.
In parallel explorations, the design is developed
ZLWKWKHDLGRIGLJLWDOPRGHOVWXGLHVSK\VLFDO
VWXG\PRGHOVWKDWWHVWVSDWLDODQGVWUXFWXUDO
characteristics, digital models with focus
RQMRLQHU\GHWDLOVVWUXFWXUDOPRGHOVIRUWKH
calculation of complex load conditions and
QHFHVVDU\ORDGWUDQVIHULQWKHMRLQWVDQG
joints studies that explore the spatial and
structural characteristics of wood-to-wood
connections. Most effort in the design process
has been put in the reduction of forces that
PHHWDWHDFKMRLQWWKHUHE\SHUPLWWLQJWKHXVH
of small section timber for the project.
It is not conceivable to think of a solution
like the design of the Loon Lake roof without
WHFKQRORJ\JLYHQWKHIRUPDODQGVWUXFWXUDO
FRPSOH[LW\RIWKHSURMHFW$OOEXLOGLQJ
FRPSRQHQWVDQGFXWVDUHFXVWRPL]HGWRFUHDWH
DVSDWLDOO\DQGVWUXFWXUDOO\FRKHUHQWPRGHO7KH
GDWDQHFHVVDU\WRIRUPDOO\GHVFULEHDQGFXW
each component of the roof structure, even in a
small project, would constitute an unattainable
challenge without the software.
The timber framing software allows for the
modeling and programming of all building
FRPSRQHQWVVLPXOWDQHRXVO\%\HQDEOLQJWKH
review joints and the overall design prior to
fabrication the CAD/CAM software is essential for
the reconsideration of wood-to-wood connections
DVDQHFRQRPLFDODQGHIÀFLHQWZD\RIEXLOGLQJ
:KLOHFRPSXWHUJHQHUDWHGPRGHOVGUDZLQJVDQG
associated data of timber framing software help
WRYLVXDOL]HWKHVSDWLDOFKDUDFWHULVWLFVRIWKH
GHVLJQDQGDOORZIRUDVHDPOHVVÁRZEHWZHHQ
the design and fabrication phases of the project,
structural calculations throughout the design
SURFHVVDUHSDUWLFXODUO\LPSRUWDQWVLQFHWLPEHU
frame structures depend on their connections for
VWUXFWXUDOLQWHJULW\&RQVHTXHQWO\WKHGHVLJQ
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DQGGHWDLOLQJRIMRLQHU\LVWKHPRVWGLIÀFXOW
aspect of the design and engineering process.
:LWKWLPEHUIUDPLQJMRLQWV´UHO\ LQJ LQQDWHO\RQ
removing material from one member, in order
to support another” careful development of the
MRLQWFRQÀJXUDWLRQVLVRISDUWLFXODULPSRUWDQFH
7KLVLVHVSHFLDOO\LPSRUWDQWZKHQVHYHUDOZRRG
members have to be jointed as part of a complex
space truss design.

)LJXUH-RLQW6WXG\

7RFRQÀJXUHHDFKFRPSRQHQWFRQVLVWHQWZLWK
the structural model of the space truss design
WUDGLWLRQDOMRLQHU\KDVWREHUHLQWHUSUHWHGDQG
PRGLÀHG0DQ\GLIIHUHQWFRQÀJXUDWLRQZKHUH
tested to achieve as small loads as possible. The
IDFWWKDWZRRGSHUIRUPVGLIIHUHQWO\GHSHQGLQJ
on the direction of the force makes the design
of each joint even more complex. Given that
FRPSRQHQWVDQGMRLQWVDUHZHDNHQHGE\WKH
removal of material to allow for the interlocking,
the arrangement of the trusses had to be
IUHTXHQWO\UHFRQVLGHUHGWKURXJKRXWWKHGHVLJQ
process, to achieve a feasible solution for
each joint and to preserve the original idea of
VWUXFWXUDOFRQWLQXLW\
4. Conclusion
The Loon Lake Outdoor Theater Roof is a
SURGXFWRIDPXOWLGLVFLSOLQDU\FROODERUDWLYH
UHVHDUFKSURFHVV7KHLQWHUGLVFLSOLQDU\WHDPRI
architects, engineers, material scientists, digital
IDEULFDWRUVDQGVRIWZDUHGHYHORSHUVUHÁHFWVWKH
GLYHUVLW\RIDVSHFWVLPSOLFDWHGE\WKHUHVHDUFK
into the potential of digital wood fabrication
WHFKQRORJLHV:KLOHH[SORULQJOLPLWV&1&WLPEHU
IUDPLQJWHFKQRORJ\DQGPDWHULDOHIÀFLHQWZRRG
FRQVWUXFWLRQWKHSURMHFWLVGULYHQE\WKHGHVLUH
WRH[SORUH&1&WLPEHUIUDPLQJWHFKQRORJ\IRU
DFRQWHPSRUDU\DUFKLWHFWXUDOVROXWLRQIRUWKH
RXWGRRUWKHDWHUURRI:LWKDIRFXVRQZRRG
to-wood connections, the research project
negotiates assumed building conventions and
OLPLWLQJWUDGLWLRQDODHVWKHWLFVZKLOHLWEHQHÀWV
from the expertise of the collaborating engineers

and wood scientists as well as the guiding
LQSXWRIGHYHORSHUVRIXWLOL]HG&1&IDEULFDWLRQ
WHFKQRORJ\DQGVRIWZDUH
,QQRYDWLYHGHVLJQLQWKLVSURMHFWLVGHÀQHG
as work that resonates at the intersection of
WKHÀHOGVRIWHFKQRORJ\PDWHULDOVFLHQFH
manufacturing processes, techniques of
DVVHPEO\DQGWKHFRQWH[WWKDWFRQVWLWXWHWKH
H[SDQGHGFRQWH[WRUFRPSOH[HFRORJ\WKDW
projects need to engage. It is through the
collaborative design research on CNC wood
fabrication technologies that common design
and building practice is put to question and
boundaries are explored and expanded.
:LWKWKHÀQDOPRGHOQRWMHWÀQLVKHGPDQ\
aspects of the design still need to be revised.
As a pioneer project without precedent most
RIWKHGHFLVLRQVDUHEDVHGLQH[SHUWV·RSLQLRQV
and the collaborative input of the participating
disciplines. The fundamental contribution of
this work lies in its experimental character. All
results and experiences that derive from this
work will contribute to the understanding of
the potential of CNC fabrication technologies
to contribute to wood-to-wood connection
SHUIRUPDQFHDQGUHOLDELOLW\IRUVPDOOVTXDUH
section timber.
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