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Abstract:  The present paper represents a novel method of creating algorithms 
to accelerate and optimize the complex modeling of membrane details for design-
ers. The Rhino® Grasshopper® software is used for the work. A set of parametric 
membrane models were developed with robust functionality. According to the typ-
ical test cases, the new method is a proper tools to simplify the manual modeling 
of complex membrane geometries. The goal of the present paper is to validate its 
consistency with the actual processes of engineering design and to clarify the po-
tential for extensive industrial usage. The present research is based on the former 
Membrane Detail Project (http://www.membranedetail.com) of the authors. An 
extensive collection of tensile membrane details had been analyzed, presented and 
published on the website in 2012.
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Introduction
The present paper introduces an extension of a 
previous work of the authors which focuses on the 
structural detailing of tensile membranes: typi-
cal connections, categorization of details, analy-
sis of forces, CAD representation [7]. The recent 
research extends the collection of the details to 
practical usage by parametric algorithms devel-
oped to build 3D models for complex membrane 
structures.
Membrane structures are spatial load-bearing 
elements. Structural tents, public and stadium 
covers, temporary or permanent shading sys-
tems, even facades are built out of textile mem-
branes. These structural solutions are gaining 
more and more investment due to developments 
in the fabric industry, especially in case of build-
ings with higher quality level. In accordance with 
the mechanical behavior of membranes the ar-

chitectural shape is determined by mathematical 
requirements [8,9]. As membranes can support 
no compression or bending moment, a tensioned 
structure must be designed - it must form a dou-
ble curved surface with hyperbolic shape. Mem-
branes have an almost negligible dead-load (<~1 
kg/m2), which makes them uniquely practical for 
covering larger spans [3, 4, 5].
   The first stage of the Membrane Detail Project 
was a pioneer work that summarized and ana-
lyzed the typical joint details in a free and trans-
parent web library (http://www.membranedetail.
com). Such a collection is useful as a knowledge 
basis for engineering work and as a platform for 
education. A virtual compilation of cca. 90 CAD-
models was made in Autodesk® AutoCAD Archi-
tecture (Figure 1) [7].
Based on the Membrane Detail Project a novel tool 
kit is developed using up-to-date CAD methods. 
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With parametric CAD algorithms a set of detailed 
joint models were formed. They can be integrated 
into real projects in a flexible way. One of the ad-
vantages of parametric design is the possibility of 
saving on the time of manual work for engineering 
companies.
Parametric modeling means creating algorithms 
representing the internal relations of different 
geometries. Codes can generate all possible ver-
sions of forms between pre-defined limits and pa-
rameters. In parallel with traditional modeling this  
coding is useful in case of complex geometries, 
where repeated elements (such as details of ten-
sioned membranes) and/or precise positioning are 
on the table.  In the case of membrane projects 
engineers model lots of complex forms: curves, 
surfaces, meshes, bolts, connecting elements, 
etc. Because of time and budget constraints, es-
pecially in the case of final execution drawings, 
it is reasonable to reduce the amount of manual 
work as much as possible. Furthermore the de-
sign of 3D models directly builds the basis even 
for steel components’ manufacturing.
A group of algorithms was created with a user 
friendly functionality for engineers inexperienced 
of coding. For example the code is able to gener-
ate a complex corner detail with standard steel 
elements by expanding a manual model including 
three curves with a common intersection created 
by the user by traditional 3D modeling. After the 
user repositions the intersection node of the axis 

curves, the detail realigns itself.  The algorithmic 
elements are simplified models of steel items and 
are free to change, scale and calibrate. Models 
of real products can be inserted flexibly into the 
system. 
There are a some commercial membrane soft-
ware on the market with a focus on form-finding: 
Easy (http://technet-gmbh.de), formfinder (http:// 
www.formfinder.at), IX-Cube (http://www.ixray-
ltd.com). They already have steel details featured 
but are relatively expensive for firms that do not 
have an exclusive focus on membranes. Since 
CAD systems (such as Rhino) are usually used for 
the modeling of entire buildings, it is reasonable 
to exploit the features of their plug-ins to  avoid 
the export-import between different software. 
Consequently, all of the models and codes are 
made in the Grasshopper® plug-in of the Rhino 5 
McNeel® program. 

Parametric membrane algorithms
Parametric algorithms express the internal coher-
ence of geometries through logical, mathematical 
and geometrical steps. The efficiency of the algo-
rithms can be better than that of traditional mod-
eling, if the geometry is reasonably automatable. 
For example situations with strong repetition or 
dependency with the criteria of strong accuracy.
Membrane details are problematic to visualize be-
cause of their complex 3D geometry. In the case of 

Figure 1: 
Detail rendering examples 
from the Membrane Detail 
website 
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bigger tents repetitive situations occur with small 
differences  in large number of elements, regard-
ing the length, angles, planes, etc. Using gener-
ated details can make a faster and more efficient 
modeling process.

The background of the MD algorithms is based 
on the simultaneous functionality of two files. 
The first is the tensioning element components 
file (.3dm extension): it contains the 3D models of 
tensioning items: cable heads, bolts, edge plates, 
etc. They are arranged to a special inner coordi-
nate and vector system bound for the functionality 
of the algorithm. The other file is the Grasshop-
per algorithm file (.ghp file extension) with its own 
complex internal connections - it completes the 
detail for the user. These two, synchronized files 
can be easily integrated into active projects and 
can be disseminated through the website.
The file of the components contains typical mod-
els of real tensioning products: wire rope heads, 
steel bolts, tensioning plates, etc. It also contains 
strongly simplified elements to save memory and 
computational time. This file of components can 
be extended with models of products of compa-
nies - so the algorithms can be a proper tool for 
companies to trade their own elements.
These are the simple steps to generate the model 
(Figure 2.):
- browse the file path of the components file on 

the computer
- browse the file path of the actual model file on 

the computer
- put the axis curves on a layer with a pre-defined 

name
- choose from the given options to refine the de-

tail
- freeze the model detail in the model space when 

it fits the demands for further rendering, visu-
alization and work.

The entire usage is simplified for the user. The in-
ternal functionality of the code is hidden in a sys-
tem of folders containing the compressed codes 
called ’Clusters’, therefore for the user only the 
upper commands are visible in a very neat, or-
dered form.
There is a group of pre-defined parameters to 
optionally calibrate the details through number 
sliders, value lists, control knobs and other visual 
buttons. In this Parameter list one can choose 
for example the type of the head of the cable, the 
number of bolts on a tensioning plate, the scaled 
diameter of a cable, the number of the cable con-
nections, etc. The user can also define the density 
of “meshing”. Meshes are substitutions of surfac-
es to simplify the geometry for saving on compu-
tational time. 
Regarding the internal functionality of the algo-
rithms, an initial geometry is provided for every 
model, which is a set of axes to generate the 
joint onto. The user only works with these lines/
curves/points, etc. These geometries are in every 
case evident for the detail: such as the axes of ca-
bles for rope details or the intersecting axes of the 
cables for corners. 
Connected to this simple, reference geometry 
the code operates with a file path and an “import 
gate”. These coding parts ensure the connectiv-
ity and synchrony of the two files. With their help 
the elements are imported into the active model 
file. The coordinate vectors and lines are also set, 
they define the lengths and the angles of the ele-
ments.
The complex geometrical processes and the pa-
rameter lists are different in every case with a 
strong repetition. The process moves the import-
ed elements to their final coordinate system.
The collection currently contains 6 algorithms for 
typical membrane situations:
Curved and linear cables: the most typical details 
in the membrane industry. The code generates a 
cable structure onto a curve or a line. The cable 
aligns its own heads in the plane where the ac-
tual rope would rotate. For linear cables there is 
an additional parameter to rotate the cable heads. 
One can choose separate heads for both ends of 
the curve. In case the user chooses to split the ca-
ble into more segments, the number and position 
of connection plates get listed as well (Figure 3).

Figure 2:  
An example for the 

parameter list and for the 
simple steps to follow to 

activate the algorithm
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Compressed beam: a beam structure, generated 
onto a line. The possibility for the rotation is the 
same as for the linear cable. There are different 
support solutions for both ends of the beams, de-
pending on the mechanical behavior, the degree of 
freedom and the rigidity. A complex cable struc-
ture is generated around the main axis if required 
as a supporting system against the buckling of the 
beam. The cable heads and diameters, and the ra-
dial and linear count of the extended cable struc-
tures are all on the parameter list amongst other 
options (Figure 3).

Simple corner detail: corner details are modeled 
very often. This detail is generated from two in-
tersecting curves. The number of the connecting 
bolts, the dimensions of the hole in the steel plate, 
the radius for the filleting of the plate, etc. are 
listed parameters (Figure 4).
Flexible corner detail: a detail with a very complex 
geometrical process in the background, which 
generates a huge amount of elements along its 

edge curves. The detail is generated onto three 
intersecting curves. This detail is the best rep-
resentation of how complex the modeling can be 
in case of membranes. It can be practical for a 
stadium  roof with a high number of such details, 
especially when they have different angles and di-
mensions (Figure 4).
High-point mast detail: this is a good example of 
how powerful the parametric design for complex 
membrane details can be and it shows that even 
with longer codes it is still robust. The mast is 
generated onto two simple circles in the modeling 
space and has plenty of parameters to choose 
from: number of segmentation for the surface 
with cables, number of secondary cables, height 
ratio of the secondary membrane surface, etc. 
(Figure 5).
In the background of every algorithm there is a 
large amount of volatile data streaming through 
the code: value parameters, coordinates, refer-
enced surfaces, imported curves, length data, etc. 
Part of these data is referenced simultaneously to 
the traditional modeling space. In order to main-
tain an ordered information flow and a valid result 
the programmer has to focus on the data trees at 
every step. Data trees represent the grouping of 
the data. This is the most delicate issue of the par-
ametric coding. There is no clean solution for the 
extended partitioning of the numeric information. 
By grouping the data into ordered Tree branches 
or lists, the coder has to know the logical struc-

Figure 3: 
Curved and linear cables 
and a compressed beam 

Figure 4: 
 Generated versions of a 
simple corner (left) and 
a complex corner detail 
with flexible edge ele-
ments (right)  
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Figure 5:
  High-point mast detail

ture of each component.  There is a certain group 
of commands to regulate the information flow. 
Component examples: Graft Tree: every list item 
will become a separate group. Flatten Tree: the 
partitioning dissolves, one collective group re-
mains. Trim Tree: the depth of the grouping “fold-
er” structure is reduced by x levels. Simplify Tree: 
common branches disappear. In other cases the 
coder uses logical-mathematical distributors and 
conditional statement commands to administer 
the aimed pattern. (Figure 6) [1, 2]

Further development
The presented project has a wide range of pos-
sibilities for its usability, future content and busi-
ness model.  In the near future, the new para-
metric details are going to be intagrated into the 
website.
Another plan is to combine the codes with the 
Kangoroo plug-in in Grasshopper. Kangoroo is 
a code-system to put loads onto structures and 

affect their geometry. In Kangoroo it is simple to 
tension a curved cable or a surface. In case of the 
Membrane Detail joints the details would realign 
themselves in response to the load parameters. 
The details would be real-time extensions to ac-
tive, live structures. [6]
There is also a possibility to code entire para-
metric structures: complex masts or matrixes of 
parametric shading systems, etc. These could be 
representative models for the sales of real indus-
trial products (tents, wire rope systems, profiles, 
etc).
The algorithms could be extended to the Au-
todesk® Revit Dynamo parametric plug-in (which 
operates with Families, pre-defined models). Nev-
ertheless, Graphisoft ArchiCAD has been recently 
expanded with the GSM-LCF Exporter plug-in to 
ensure the synchronized connectivity  between 
the algorithms and the traditional architectural 
CAD models which opens up new possibilities. 

Figure 6:   
Tree branches: represen-

tations of data grouping 
variations
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Summary
The present paper represents the parametric 
modeling tool of the Membrane Detail Project. 
The aim of the parametric modeling is to reduce 
the large amount of working time and manual 
work of 3D CAD modeling of complex  structures 
on company level. Typical membrane structure 
details are represented to illustrate the efficiency 
of parametric modeling. Accordingly, complex 
structural elements can be formed and modified 
with simple and user-friendly tools.
The current state of the project has to be present-
ed for industrial users and realistic tests are re-
quired for the verification of the efficiency in real 
situations. The system has plenty of development 
and extension possibilities. 
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