
549

V International Conference on Textile Composites and Inflatable Structures 
STRUCTURAL MEMBRANES 2011 

E. Oñate, B. Kröplin and K.-U.Bletzinger (Eds) 

STEP BY STEP COST ESTIMATION 
TOOL FOR FORM-ACTIVE STRUCTURES1

ROBERT WEHDORN-ROITHMAYR*, MARIO GIRALDO†

* Institute of Interdisciplinary Construction Process Management 
  Vienna University of Technology  

e-mail: mls@tumaster.at, web page: http://www.formfinder.at 

† Formfinder GmbH 
Schlossgasse 22, 1050 Vienna, Austria 

e-mail: mail@formfinder, web page: http://www.formfinder.at 

Key words: Membrane Architecture, Innovative Design, Formfinder Software Tool, Cost 
Estimation, Value Finder. 

Summary: It is a fact that the available budget is one of the main driving factors for the 
architectural design. Therefore it is beneficial for designers to know, how to control the costs 
with the help of their design. Traditionally cost estimations are done by specialists with the 
knowledge and the experience necessary to achieve an accurate result. But according to 
decision makers even rough accuracy is mainly sufficient for deciding whether a project can 
be executed. 

So for the designers’ intentions and ideas to be realized they already need to have the 
expected costs and the economical influence of various design parameters at the very 
beginning of the project. 

A step by step cost estimation tool could provide knowledge for a more economic design 
process and should encourage designers to follow their inspiration. This motivated us for 
developing an interactive tool to be integrated into the “Formfinder2” – a design software for 
form-active structures. The resulting cost estimations are based on expert knowledge and a 
project database (pre- and post-cost calculations of realized projects) developed and provided 
by the architect Horst Dürr. He had been the technical director of Stromeyer Konstanz and 
had been CEO of IPF from 1973 to 1980. Since 1980 Horst Dürr has been partner of the IF 
Group.
This paper presents a description of our software tool and gives an overview about which 
possiblities for cost optimization the designer has.

1  [Engl97] p. 57, Heino Engel determinates: 1 form-active, 2 vector-active, 3 section-active, 4 surface-active,  5 
height-active and 6 hybrid 
2 [RRoith9] Formfinder - concept for a software-tool to assist architects in the preliminary design of form-active 
structures 

Step by Step Cost Estimation Tool for Form-active Structures
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1 INTRODUCTION 
Due to the fact cost estimation is often neglected in the design stage, time and money is 

spent although the realization of a building project is not finally decided at this stage. In many 
cases economic aspects are reason for cancelation of projects. Architectural design is often 
influenced by the available budget. Therefore the knowledge about the parameters for cost 
optimization is beneficial for designers. Rigid structures may excuse unfavorable design 
through local strengthening measures. The sensibility of non-rigid, flexible, form-active 
structures in contrary is one of the main cost driving factors. Small adjustments and 
modifications on the design may significantly influence the total costs of the whole project. 

The more accuracy is required from cost estimations the higher its level of complexity 
gets. The number of parameters to be considered increases potentially. Every single factor’s 
potential cost impact is to be evaluated.  

At this point two types of parameters need to be distinguished; parameters able to be 
determined and such which only can be valued either by chance or by experience. 

Figure	1: Examples for determinable and indeterminable parameters for cost optimization
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Examples for "Determinable Factors" 
 Determinable architectural design concept and intention 

(facts that can be described by designers e.g. by sketch, by reference projects or 
verbally)

 Geometry described with physical models or CAD tools and readability of the structure
(e.g. four-point sail, ridge-valley sail, high-point sail, etc.) 

 Construction components  
("element catalogue", materials, available budget) 

 Limitations 
(building law; external loads like wind load, snow load, and dynamic excitability; 
general climate conditions like weather, temperature, and local climate characteristics) 

Examples for "Indeterminable Factors" 
 Indeterminable  architectural perception and requirements that are not part of the 

available design concept  
(“Design philosophy” ; consideration only possible with the help of pictures of 
reference projects) 

 Special design intents  
(new materials or techniques, first of a kind-project) 

 Feasibility of the statical concept 
 Building site and infrastructure

(construction site, accessibility of site, infrastructure, soil situation) 

As a consequence designers are only able to vary the material and production costs of a 
project. Not determinable parameters, however, are not in the sphere of influence of the 
designer but still can be controlled up to a certain extent at the very beginning, right after the 
project idea. So the design’s impact on delivery costs, installation costs, and overhead costs 
on the other hand is minor but not to be neglected. 

Within the group of determinable factors substituting parameters can be defined. This 
subgroup contains alternative (design) solutions which can be chosen for geometric or even 
economic reasons without having an impact on the overall design intention.

Especially on form active structures an elaborated design is the most important parameter 
to optimize the production costs.  

Anticlastic surfaces with a homogeneous and well-proportionate curvature k  
(k = (1/r1) * (1/r2)) give higher mechanical stiffness to the membrane and further to the whole 
structure. As a consequence the weave needs less pretension and the deformations due to 
external loading are less. This results in smaller internal stresses and the material fatigues 
slower. Furthermore due to values of lower stress and smaller reaction forces in the fixation 
points, an optimization of the adjacent structural elements and wider spans of the membrane 
are possible. 
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Our consideration is focusing on the membrane and its primary structure only. As a 
necessity the foundations are excluded from our consideration as the final soil situation is not 
known before the detail design and possibly even not before the realization of the 
construction. Especially on extensive projects different foundation concepts may be required 
on individual anchor points due to differences in the local soil configuration. 

2 THE TOOL 
Goal of this tool is to visualise cost factors and to support designers to keep their own 

design by providing a set of positive arguments to convince the decision makers of the design 
intention and the design concept.

In general the process of designing consists of two steps: qualification (more ideas) and 
quantification (reduction of ideas) [Höller, 1999]. Following this approach it is necessary to 
decide over the final design up to a certain depth before first cost calculations can be 
performed. Precise cost estimation is a highly time-consuming and complex task. For 
conventional rigid constructions a detailed structural analysis under consideration of various 
aspects such as aesthetics, shape, materials, legal restrictions and requirements, etc. is 
required. For non-rigid structures this complexity maximizes, since additional factors induced 
by the flexible nature of the structure occur; factors like more restrictions at selecting 
materials, more complex aerodynamic characteristics, or influence of dominating weather 
conditions.

Therefore this task calls for knowledge of a domain specialist capable of handling all of 
these cost parameters. This however decouples the designer from the process chain. For this 
reason the lack of this valuable information often leads to initial designs being distorted 
significantly. In the past many projects failed due to this simple fact known in many 
engineering domains. The later design mistakes are detected in the process chain, the more 
expensive it may get to correct them eventually. 

Our cost estimation tool is addressed in particular to designers. Surveys have shown most 
designers consider estimation deviations of 30-40 % for project costs to be acceptable. This 
fact allows a significant simplification of the calculation process. Reduced complexity in 
return increases understanding for and usability of the provided cost estimation tool to the 
designer.

Our tool is an intelligent, self-learning tool based on databases and algorithms found on 
basis of theoretical design studies and of comparisons of pre- and post-cost calculations of 
real projects considering factors like shape, size, curvature, and material among others. 

Nevertheless the user has to be aware of the limitations of this cost estimation tool. 
According to the parameters mentioned above the value given just reflects the production and 
material costs of a membrane structure. Factors like the foundations, accessibility of the 
building site, legal requirements, installation and geographical location only can be measured 
up to certain extent and therefore are excluded from our calculation model. Anyway the 
corresponding values of these parameters can be added manually by the user. 
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The given values, respectively the costs, are transferred to [€ / m2 / year]. 
In this context the time factor is crucial for evaluating the costs as for temporary/single-use 

roofs the time of usage differs from permanent roofs significantly as the latter remain installed 
over the whole material life expectancy. Therefore in terms of accounting the amortization of 
the whole structure runs over a longer period of time. 

In a first step our model is applicable to four base shapes: 
 four-point sail 
 high-point sail 
 beam supported sail 
 ridge-valley sail 

The default settings of this cost estimation tool only allow a low accuracy of the actual 
value. These settings reflect the most common design parameters of the reference projects 
used for finding the calculation algorithms. It is up to the user to narrow down the degree of 
detailing in the project specifications. Additional information on the design can be added. The 
more data is provided the more accurate the estimation gets.  

In our (unreleased) software package a control panel is located on the right hand side of the 
screen. It contains various sliders which can be used to adjust the importance of individual 
factors.  

On basis of a product database design parameters and material properties can be preset; 
involving decisions on the membrane material, whether cables or belts are used at the edges 
or corner details are made of standard products or individual design solutions.

Based on the geographical location and the Eurocodes the wind and snow loads for certain 
countries can be added automatically. In a first step loading can be generated for simple 
standard shapes only.

Besides the steadily growing database of integrated codes and standards, products and 
materials individual calculations outside these presettings are allowed for. 
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Figure	2: Screenshot Formfinder Value Finder

3 CONCLUSION 

We have presented a cost estimation assistant that targets designers of form active 
structures. It can be used either as a pure calculation tool approximating a step by step 
behaviour or if desired expose educational facets to submit better understanding of the 
involved cost factors and dependencies to the designer. Even while kept simple, we believe 
the estimation mechanism to be powerful enough to present estimations within a range of 
accuracy of 20-30 %. Due to its ability to extract knowledge from existing/finished projects 
and to feed this knowledge back to the project database we further believe estimations to 
become more accurate by time, when more projects are calculated and so more data of cost 
estimations and the corresponding real project costs is available.
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