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Form Finding of a Single-layered Pneumatic Membrane Structures
by Using Nonlinear Force Method
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Abstract

This study aims to develop a form-finding algorithm for a single-layered pneumatic membrane. The initial shape of this
pneumatic membrane, which is an air-supported type pneumatic membrane, is to find a state in which a given initial
tension and internal pneumatic pressure are in equilibrium. The algorithm developed to satisfy these conditions is that a
nonlinear optimization problem based on the force method considering the deformed shape is formulated, and, it's able to
find the shape by iteratively repeating the process of obtaining a solution of the governing equations. An computational
technique based on the Gauss-Newton method was used as a method for obtaining solutions of nonlinear equations. In
order to verify the validity of the proposed form-finding algorithm, a single-curvature pneumatic membrane example and a
double-curvature air pneumatic membrane example were adopted, respectively. In the results of these examples, it was
possible to well observe the step-by-step convergence process of the shape of the pneumatic membrane, and it was also
possible to confirm the change in shape according to the air pressure. In addition, the calculation results of the shape and
internal force after deformation due to initial tension, air pressure, and self-weight were obtained.

Keywords : Single-layered pnewmatic system, Membrane structures, Nonlinear force method, Form finding, Nonlinear
optimization algorithm
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(Fig. 2) Geometrical relationship between initial and
deformed state of a rod element
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START

Clear data
Setup initial data
Calculate w,, n,

Assemble f(¢) using w,, n,

To DO solving d, of f(¢)

Calculate new shape S, by d,

While (until approach A, ,.;)
Calculate w, and n, by S,
Reassemble f(¢) using w,, n,
To DO solving {d;:t;} of f(¢)
Calculate S;,, by d;

End While

While (d;, < ¢)
Calculate w,, n, by §
Reassemble f(¢) using w,, n,, ¢,
To DO solving {d;:t;} of f({)
Calculate S, by d;

End while
END

{Fig. 4) Virtual code of form-finding algorithm for pneumatic
membrane
(w,, n, and e are an effective width, a normal

vector and a tolerance, respectively)
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(b) Final shape

(Fig. B) Pneumatic membrane model of single
curvature strip
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(Fig. 8> Membrane area distribution of single curvature
strip at final step
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(a) Initial shape
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(b) Final shape

(Fig. 10) Pneumatic membrane model of double
curvature square
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