
 

Accepted Manuscript

Experimental Verification on Wrinkling Behavior Given by Wrinkling
Analysis Using the Tension Field Theory

Takashi Iwasa

PII: S0020-7683(17)30531-0
DOI: 10.1016/j.ijsolstr.2017.11.028
Reference: SAS 9817

To appear in: International Journal of Solids and Structures

Received date: 12 January 2017
Revised date: 18 October 2017
Accepted date: 29 November 2017

Please cite this article as: Takashi Iwasa , Experimental Verification on Wrinkling Behavior Given
by Wrinkling Analysis Using the Tension Field Theory, International Journal of Solids and Structures
(2017), doi: 10.1016/j.ijsolstr.2017.11.028

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ijsolstr.2017.11.028
https://doi.org/10.1016/j.ijsolstr.2017.11.028


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

Experimental Verification on Wrinkling Behavior Given by Wrinkling 

Analysis Using the Tension Field Theory 

 

Takashi IWASA
a
 

a
Department of Mechanical and Aerospace Engineering, Tottori University 

4-101, Koyama-cho Minami, Tottori, Japan, 680-8551 

Email: iwasa@mech.tottori-u.ac.jp 

Corresponding Author: Takashi IWASA 

 

ABSTRACT 

This study investigates the physical meaning of membrane surface features given by a 

wrinkling analysis based on tension field theory and wrinkle strain, which releases the 

compressive stress in membranes in tension field theory. A rectangular membrane was 

subjected to shear loading, and the wrinkle geometry and strain field were measured by 

photogrammetry using a direct linear transformation method. The experimental model 

was then subjected to a wrinkling analysis based on tension field theory, and the 

calculated wrinkled membrane behavior was quantitatively compared to the measured 

results. The analyzed membrane surface features approximately represented the neutral 

curved surface bisecting the actual wrinkle geometry (the difference was approximately 

10% of the maximum wrinkle amplitude), even when the membrane surface feature 

was not initially flat. The wrinkle strain, defining an in-plane shrinkage strain that 

releases compressive stress on the membrane in tension field theory, agreed with the 

experimentally observed in-plane shrinkage strain regardless of the formation process 

of the wrinkles. The relation between the in-plane shrinkage strain and ratio of the 

wrinkle amplitude to the half-wavelength of the wrinkles was then derived from 

inextensional theory. This relation appropriately described the relation measured in the 

experiment, confirming that inextensional theory describes the wrinkle formation. The 

results of this study will assist the evaluation of the simulation results using tension 

field theory for the development of future lightweight, membrane-based space 

structures such as sunshields and solar sails. 
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