Objects in Mirror are closer than they appear
Part |: Reciprocal Structures

Fokusprojekt Prof. Spiro, D-ARCH, Leitung: Udo Thonnissen

Within the framework of the research project Objects in Mirrorare Closer ~ Reciprocal frames are particularly well suited to project-orientated  The design and erection of an experimental structure in the entrance
than they Appear the Chair of Architecture and Construction at the ETH teaching because they encourage experimentation and make the relati-  courtyard of the ETH Zurich’s Faculty of Architecture constituted the first
Zurich deals with research into and the advancement of historical cons-  onship between structure and form easily comprehensible. small construction assignment. A precondition in realizing the supporting
truction techniques. The first sub- project concerns the examination of ~ Theaimistointroduce the students to the tactility of building via full-sca- ~ framework was to work using a squared timber type and the simplest
construction methods deploying short wooden elements to efficiently  le works, and to sharpen their understanding of the physical constraints  of joints. The design was undertaken exclusively using the digital instru-
bridge large spans. involved — a progression that takes on a greater significance specifically ~ ment, whereas production was undertaken manually.

The focus is the principle of the reciprocal frame —firstly because it allows  in working with computer models and script-based designs.In different A second project, a pergola for the ETH Zurich campus, was initially de-
a reduction of the constructive form to a small number of parameters,  workshops the fundamentals of the reciprocal frame system were intro-  signed using the digital instrument and statically optimized during the
and secondly because it has a great developmental potential in combina-  duced, whereupon five small construction assignments were set,of which  design process using physical and digital models. The one-of- a-kind ele-
tion with new technologies. three will here be presented. Each of the assignments specifically deepe-  ments were then cut from wooden boards using a CNC milling machine.
It is attractive for buildings where rapid assembly and dismantlingarere-  ned an aspect of building with reciprocal framework systems in order to ~ The third construction, a pergola for the ETH guesthouse Villa Hatt, was
quired,and where geographical circumstances impede the useand trans-  both test the various techniques of development and realization and to ~ undertaken to test the use of hardwood. Today, due to its low-cost, the
portation of longer construction elements. The short length of the ele-  gaugetherelation between traditional projects and moderntechnologies.  use of short hardwood elements as a building material has promising po-
ments also enables the use of hardwood — a local building material that A design instrument developed by the chair played a key role in teaching  tential. A prerequisite for its use is the development of simple joints and
has previously been neglected in construction,and which isincreasingin ~ and the development of the three constructions. It is based on a rhino-  rational manufacture.

importance with the course of climatic change. script, and enables the guided generation of irregular reciprocal frames.
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Adjustment of design
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Number of Cells: 99
Number of Slats: 250

slat:0:5, 2, 35,32, laenge: 1.23 teilung: 0.34
slat:1:4,5, 18,88, laenge: 1.61 teilung: 0.47
slat:2:0,3, 32,17, laenge: 1.07 teilung: 0.29
slat:3:2, 4, x, laenge: 1.72 teilung: 0.52
slat:4:3, 1, x, laenge: 1.23 teilung: 0.36
slat:5:1,0, 88,35, laenge: 1.72 teilung: 0.51
slat:6:8, 11,130, 14, laenge: 0.91 teilung: 0.24
slat: 7:10,9., 12, 147 , laenge: 1.39 teilung: 0.4
slat:8:9,6, 131,130 , laenge: 0.93 teilung: 0.24
slat:9:7 8, 147, 131 , laenge: 1.36 teilung: 0.39
slat: 10: 11,7, x, laenge: 0.78 teilung: 0.21

slat: 11:6,, 10, x, laenge: 1.1 teilung: 0.32

slat: 12:x, 183, 7, laenge: 1.42 teilung: 0.42

slat: 13:x, 16, 183, laenge: 1.39 teilung: 0.41

slat: 14 :x, 6, 125, laenge: 1.19 teilung: 0.35

slat: 15 :x,, 125 , 19, laenge: 0.89 teilung: 0.25

slat: 161, 133, 13 , laenge: 1.09 teilung: 0.31

slat: 17 :x, 2, 133, laenge: 1.76 teilung: 0.54

slat: 18:x, 89, 1, laenge: 1.68 teilung: 0.51

slat: 19:x, 15, 89, laenge: 1.47 teilung: 0.44

slat: 20:30, 21,75, 81, laenge: 1.4 teilung: 0.41
slat: 21:20, 22,81, 85, laenge: 191 teilung: 0.57
slat: 22:21, 24,85, 101, laenge: 2.37 teilung: 0.72
slat: 23124, 25,108, 111, laenge: 2.15 teilung: 0.65
slat: 24:22 23,101, 108, laenge: 2.31 teilung: 0.7
slat: 25:23, 27,111, 58, laenge: 1.87 teilung: 0.56
slat: 26 : 27,28, 57 , 55 , laenge: 1.99 teilung: 0.6
slat: 27 : 25,26, 58 , 57 , laenge: 1.58 teilung: 0.46
slat: 28126, 29,55, 72 , laenge: 2.39 teilung: 0.73
slat: 29: 28,30, 72, 74 , laenge: 2.36 teilung: 0.72
slat: 30129, 20,74, 75 , laenge: 1.91 teilung: 0.57

Adjustment
of design:
Rotation of members
Cell density
Openings

slat: 31:34, 32, 73, 135, laenge: 0.97 teilung: 0.26
slat:32:31, 0,135, 2, laenge: 1.98 teilung: 0.59
slat: 33:35, 34,49, 47, laenge: 1.77 teilung: 0.52

o~ o X Slat: 3433 31,47 , 73, laenge: 1,47 tellung: 0.42 o L.

I Element as simple bar: S 58157 a1 i nonge. 164 teng: 05 Definition of joints
L length, width, support dis-
tance, overlength Model Indexing of members Textfile Manual production Assemblage

Distribution of cells
Cell types:
-support cells
-normal cells
Situation HIL courtyard -inverted / opening cells

Steps of iterations: 1, 10, 50

Number of Cells: 99

Number of Slats: 250

slat:0:5,2, 35,32, laenge: 1.23 teilung: 0.34

slal:1:4.5, 18,88 | laenge: 161 teilung: 0.47

slat:2:0, 3,32, 17, laenge: 1.07 teilung: 0.29

slat:3:2. 4, x, laenge: 1.72 teilung: 0.52

slat:4:3, 1, x, laenge: 1.23 teilung: 0.36

slat:5:1.0, 88,35, laenge: 1.72 teilung: 0.51

slat:6:8, 11,130, 14, laenge: 0.91 teilung: 0.24

Slat:7:10,9. 12, 147 | laenge: 139 teilung: 0.4

slat: 8:9,6,131, 130, laenge: 0.93 teilung: 0.24

slat:9:7,8, 147,131, laenge: 1.36 teilung: 0.39

slat: 10: 11,7, x , laenge: 0.78 teilung: 0.21

slat: 11:6, 10, x, laenge: 1.1 teilung: 0.32

slat: 12: x, 183 , 7, laenge: 1.42 teilung: 0.42

slat: 13: x, 16, 183, laenge: 1.39 teilung: 0.41

slat: 14 :x , 6, 125, laenge: 1.19 teilung: 0.35

slat: 15 x, 125, 19, laenge: 0.89 teilung: 0.25

slat: 16 : x , 133, 13, laenge: 1.09 teilung: 0.31

slat: 17 x, 2, 133, laenge: 1.76 teilung: 0.54

slat: 18 :x , 89, 1, laenge: 1.68 teilung: 0.51

slat: 19 x, 15, 89, laenge: 1.47 teilung: 0.44

slat: 20:30, 21,75, 81, laenge: 1.44 teilung: 0.41

slat:21:20 22 81,85 ,laenge: 1.91 teilung: 0.57

slat: 22: 21, 24,85, 101, laenge: 2.37 teilung: 0.72

slat: 23:24 ,25, 108, 111, laenge: 2.15 teilung: 0.65

slat: 24: 2223, 101, 108 , laenge: 231 teilung: 0.7

slat: 25:23, 27,111, 58 , laenge: 1.87 teilung: 0.56

slat: 26: 2728 57,55 , laenge: 1.9 teilung: 0.6

slat: 27 : 25, 26, 58, 57, laenge: 1.58 teilung: 0.46

slat: 28: 26,29, 55, 72, laenge: 2.39 teilung: 0.73

slat:29: 2830, 72, 74 , laenge 2.36 teilung: 0.72
. slat: 30:29, 20,74, 75, laenge: 1.91 teilung: 0.57

EXpOI"t. slat:31:34 3273 135, laenge: 0.97 teilung: 0.26

slat:32:31, 0,135, 2, laenge: 1.98 teilung: 0.59
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Elevation of members C Element outline:
in iterative process 4 points 2D-lines, S 341933174779 laonge. 147 tlung. 0.2
slat: 35:0,33, 5, 49, laenge: 1.07 teilung: 0.29
Oﬁset d Index of members slat: 36137, 41,44 , 46 , laenge: 1.84 teilung: 0.55

Release angle a
Extrusion ¢ Model Static calculus Production on 3-axis CNC

Distribution of cells Input parameters: '

Cell types: -member height, width b, h o _—
-support cells -distance of supporting points a
-normal cells -overlength

Situation Science City -inverted / opening cells -offset
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Adjustment of design
]

Replacement of lines according to
Drawing of tangential lines predetermined proportions

Design algorithm for reciprocal frames, example HIL courtyard design

>rrr—<

= =S Number of Cells: 99
[ r———] Number of Slats: 250
e — slat:0:5,2, 35,32, laenge: 1.23 teilung: 0.34
o -] slat: 1:4,5,18, 88, laenge: 1.61 teilung: 0.47
e slat:2:0,3,32, 17, laenge: 1.07 teilung: 0.29
= S slat:3:2,4,x, laenge: 1.72 teilung: 0.52
| — slat: 4:3, 1, x, laenge: 1.23 teilung: 0.36
rx—s—-er| ——— slat:5:1,0,88, 35, laenge: 1.72 teilung: 0.51
e —— slat: 6:8,11, 130, 14, laenge: 0.91 teilung: 0.24
= —_ slat: 7:10,9, 12, 147 , laenge: 1.39 teilung: 0.4
| rm— slat: 8:9, 6,131, 130, laenge: 0.93 teilung: 0.24
=] — slat:9:7, 8,147 , 131, laenge: 1.36 teilung: 0.39
== slat: 10: 11,7, x, laenge: 0.78 teilung: 0.21
s ] slat: 11:6, 10, x , laenge: 1.1 teilung: 0.32
L ] r ) slat: 12:x, 183, 7, laenge: 1.42 teilung: 0.42
L ! slat: 13:x, 16, 183 , laenge: 1.39 teilung: 0.41
L ] r slat: 14:x, 6, 125, laenge: 1.19 teilung: 0.35
slat: 15:x, 125, 19, laenge: 0.89 teilung: 0.25
E— T — == slat: 16 : x , 133, 13, laenge: 1.09 teilung: 0.31
slat: 17 :x, 2, 133, laenge: 1.76 teilung: 0.54
slat: 18 x, 89,1 , laenge: 1.68 teilung: 0.51
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Adjustment
of design:
Rotation of members
Cell density
Openings

. =—= slat: 21:20, 22,81, 85, laenge: 1.91 teilung: 0.57
slat: 22:21,24 85, 101, laenge: 2.37 teilung: 0.72

C
E slat: 23:24 25,108, 111, laenge: 2.15 teilung: 0.65
E ] C ] C slat: 24 : 22, 23, 101, 108 , laenge: 2.31 teilung: 0.7
slat: 25:23, 27,111, 58, laenge: 1.87 teilung: 0.56
L ) L ] slat: 26127, 28, 57, 55 , laenge: 1.99 teilung: 0.6
slat: 27: 25,26, 58, 57 . laenge: 1.58 teilung: 0.46
slat: 28262955, 72 , laenge: 2.39 teilung: 0.73
. slat: 2928, 30,72, 74 . laenge: 2.36 teilung: 0.72
EXpOrt slat:30:29, 20, 74, 75, laenge: 1.91 teilung: 0.57
slat:31:34, 32,73, 135 , laenge: 0.97 teilung: 0.26
3D-model slat: 32:31.0, 135, 2, laenge: 1.98 teilung: 0.59
slat: 33:35, 34,49, 47 , laenge: 1.77 teilung: 0.52
slat: 34 :33 31, 47, 73, laenge: 1.47 teilung: 0.42

slat: 35:0,33, 5,49, laenge: 1.07 teilung: 0.29
Index Of members slat: 36: 37, 41,44 , 46, laenge: 1.84 teilung: 0.55

Distribution of cells in field Element _outllne:
4 points

Cell types: Offset d
-support cells Release angle o
Situation Villa Hatt -normal cells Extrusion t

Model in field and
supporting Leonardo frame 2 intertwined systems Definition of joint geometry Production on 5-axis CNC Textfile Assemblage

Adjustment of design
<

Design process using the digital instrument

Photos: Peter Hauser, Bjorn Sigrist
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Villa Hatt, June 2012
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Science City (SC), April 201
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