
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 10968 
 
 

Proceedings of SPIE 0277-786X, V. 10968 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Behavior and Mechanics of 
Multifunctional Materials XIII 
 
 
 
Hani E. Naguib 
Editors   

 
 
4–6 March 2019 
Denver, Colorado, United States 
 
 
Sponsored by 
SPIE 
 
Cosponsored by 
OZ Optics, Ltd. (United States)  
Polytec, Inc. (United States) 
 
Cooperating Organizations 
Jet Propulsion Laboratory (United States) 
Colorado Photonics Industry Association (United States) 
 
Published by 
SPIE 
                                       
 

Behavior and Mechanics of Multifunctional Materials XIII, edited by Hani E. Naguib, Proc. of SPIE
Vol. 10968, 1096801 · © 2019 SPIE · CCC code: 0277-786X/19/$18 · doi: 10.1117/12.2534182

Proc. of SPIE Vol. 10968  1096801-1



The papers in this volume were part of the technical conference cited on the cover and title page.
Papers were selected and subject to review by the editors and conference program committee.
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The
publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
   Author(s), "Title of Paper," in Behavior and Mechanics of Multifunctional Materials XIII, edited by 
Hani E. Naguib, Proceedings of SPIE Vol. 10968 (SPIE, Bellingham, WA, 2019) Seven-digit Article CID 
Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510625914 
ISBN: 9781510625921 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
Copyright © 2019, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/19/$18.00. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article 
numbering system structured as follows: 

 The first five digits correspond to the SPIE volume number.       
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 10968  1096801-2



  Contents 
 
 

  vii Authors 

  ix Conference Committee 

 

   NEW SYNTHESIS AND TECHNOLOGIES 

     

  10968 02  Sample containerization and planetary protection using brazing for breaking the chain of 

contact to Mars (Keynote Paper) [10968-1] 

     
  10968 03  Synthesis of a photostrictive azobenzene polymer thread [10968-2] 

     
  10968 04  Targeted mode attenuation and broadband vibration control with optimized elastomeric 

metamaterials [10968-3] 

     
     

   MODELING OF SMART MATERIALS 

     

  10968 05  Parameter-dependent surrogate model development for PZT bimorph actuators employed for 

micro-air vehicles [10968-4] 

     
  10968 06  Global sensitivity analysis of fractional-order viscoelasticity models [10968-5] 

     
  10968 07  Strain and damage sensing at the mesoscale in energetic materials in response to localized 

thermal loads [10968-6] 

     
     

   SHAPE MEMORY MATERIALS I 

     

  10968 0A  Fracture toughness of martensitic NiTiHf high-temperature shape memory alloy [10968-9] 

     
  10968 0B  Exploration of static equilibrium in elastically biased shape memory alloy components 

[10968-10] 

     
  10968 0C  Experimental investigation of hybrid shape memory alloy pneumatic actuators [10968-11] 

     
  10968 0D  Exploration of the partial transformation behaviour of shape memory alloys and its effect on 

actuation performance [10968-12] 

     
  10968 0F  Finite element modeling and simulation of a robotic finger actuated by Ni-Ti shape memory 

alloy wires [10968-14] 

     
     

iii

Proc. of SPIE Vol. 10968  1096801-3



   MECHANICS OF SMART PARTICULATE POLYMER COMPOSITES 

     

  10968 0G  Towards complex microarchitectural composites using multi-field processing [10968-15] 

     
  10968 0H  Development and characterization of graphene oxide based electronics and actuators 

[10968-16] 

     
  10968 0I  Interfacial effects on the electrical behavior of elastomer nanoparticulate composites 

[10968-17] 

     
  10968 0K  Topological design of carbon nanotube-based nanocomposites for strain sensing [10968-19] 

     
  10968 0L  On high velocity impact on carbon fibre reinforced polymers [10968-45] 

     
     

   ADDITIVE MANUFACTURING 

     

  10968 0M  Temperature-compensation of 3D-printed polymer-based strain gauges [10968-20] 

     
  10968 0N  Ultrasonic microparticle alignment and direct ink writing using glass capillaries [10968-21] 

     
     

   ORIGAMI MATERIALS 

     

  10968 0P  Towards the design of electric field driven self-folding gripper [10968-24] 

     
  10968 0Q  Numerical and experimental investigation of 3D printed origami unit cells and cores for load 

resistance [10968-25] 

     
  10968 0R  Self-folding origami surfaces of non-zero Gaussian curvature [10968-26] 

     
  10968 0S  Analyzing the bi-directional dynamic morphing of a bi-stable water-bomb base origami 

[10968-27] 

     
     

   MAGNETOSTRICTIVE AND MAGNETORHEOLOGICAL MATERIALS 

     

  10968 0W  Phase transforming auxetic material with embedding magnets [10968-31] 

     
     

   SHAPE MEMORY POLYMERS II 

     

  10968 0X  Porous materials with stress and temperature activated porosity [10968-32] 

     

iv

Proc. of SPIE Vol. 10968  1096801-4



  10968 0Z  Shape memory alloy-based flexible manipulator for miniature submersible robots [10968-35] 

     
     

   MULTIFUNCTIONAL COMPOSITES SYSTEMS 

     

  10968 10  Fabrication of non-traditional shapes from bistable carbon fiber reinforced polymer laminates 

[10968-36] 

     
  10968 11  Tailored bistability in mechanically pre-stressed laminated composites through planform 

design [10968-37] 

     
  10968 12  Improving the electrical conductivity of multi-phase polymer composites via plasticizer 

assisted nanoparticle dispersion [10968-38] 

     
  10968 13  Parylene C as a multifunctional insulator for all-organic flexible electronics [10968-39] 

     
  10968 14  Thermal conductivity of PDMS chains and GNPs/PDMS composites: a molecular dynamics 

study [10968-40] 

     
  10968 15  Active hydrogel composite membranes for the analysis of cell size distributions [10968-41] 

     
  10968 16  Ferroelectric AlN ultrathin films prepared by atomic layer epitaxy [10968-44] 

     
     

   POSTER SESSION 

     

  10968 18  An enhanced Duhem model of magnetostrictive material-based actuators [10968-42] 

     
  10968 1A  Interlaminar analysis of composite structures considering cohesive contact by finite element 

method [10968-47] 

     
     

 

v

Proc. of SPIE Vol. 10968  1096801-5



Proc. of SPIE Vol. 10968  1096801-6



Authors 
 
 
Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36 
numbering is employed for the last two digits and indicates the order of articles within the volume. 
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 
Abdul Halim, Bilal Nizar, 0X 
Abel, Julianna, 0C 
Ahmed, Saad, 0P 
Al Masud, Md Abdulla, 0G 
Al-Rubaia, Mohammed, 0M 
Alwala, Raghavendra, 0X 
Awadelkarim, Osama O., 13 
Badescu, Mircea, 02 
Bai, Xian-Xu, 18 
Bao, Xiaoqi, 02 
Bar-Cohen, Yoseph, 02 
Bhatkar, Omkar, 0H 
Bhuiyan, Md Emran Hossain, 0X 
Bombela, Erik, 02 
Bravo, Nikolas, 05 
Chen, Miin-Jang, 16 
Chen, Tiegang, 0W 
Chillara, Venkata Siva C., 11 
Coleman, Demetris, 0M 
Daley, Makella, 0C 
Dapino, Marcelo J., 11 
Dauson, Erin R., 0N 
De Vuyst, T., 0L 
Djordjevic, N., 0L 
Edson, Connor, 0G 
Ehrenhofer, Adrian, 15 
Erol, Anil, 0G, 0P 
Figueroa, J., 10 
Franco, Jimmy, 03 
Frecker, Mary, 0P 
Gallagher, John A., 03 
Garza, Milton R., 0R 
Gregory, Kelvin B., 0N 
Guo, Chaoyong, 0W 
Haghgouyan, B., 0A 
Harne, Ryan L., 04 
Hartl, Darren J., 0B, 0R 
Heard, Robert A., 0N 
Hollins, Zachary, 03 
Hong, Jonathan, 0P 
Huang, Dawei, 0W 
Huang, Morris, 12 
Islam, ABM Iftekharul, 1A 
Jiang, Jun, 0W 
Kapelner, Sarah, 03 
Karakalas, Anargyros A., 0D 
Karaman, I., 0A 
Khawaji, Ibrahim H., 13 
Kshad, Mohamed Ali Emhmed, 0Q 

Lagoudas, D. C., 0A 
Lakhtakia, Akhlesh, 13 
Lee, Hyeong Jae, 02 
Lee, Wei-Hao, 16 
Li, Suyi, 0S 
Lin, Bo-Ting, 16 
Loh, Kenneth J., 0K 
Lopez-Pamies, Oscar, 0I 
Luo, Chuang, 14 
Machairas, Theodoros T., 0D 
Martin, Meghan, 03 
Meddeb, Amira, 0I 
Meli, Daniele, 0F 
Meo, M., 0L 
Miles, Paul R., 06 
Myers, O., 10 
Naguib, Hani E., 0Q, 12 
Namdari, Navid, 0X 
Naso, David, 0F 
Nicotra, Alex, 03 
Oates, William S., 06 
Oppenheim, Irving J., 0N 
Ounaies, Zoubeida, 0G, 0I, 0P 
Pan, Douxing, 14 
Pash, Graham T., 06 
Peraza-Hernandez, Edwin A., 0R 
Povolny, Stefan J., 07 
Prakash, Naveen, 07 
Qi, Mingjing, 0W 
Qian, Li-Jun, 18 
Rajagopal, Prabhu, 0Z 
Rasel, Sheikh, 0H, 0X 
Rizvi, Reza, 0H, 0X 
Rizzello, Gianluca, 0F 
Sadeghi, Sahand, 0S 
Sandhu, Sukhwinder, 02 
Saravanos, Dimitris A., 0D 
Seelecke, Stefan, 0F 
Seidel, Gary D., 07 
Sheri, Prashanth, 0Z 
Sherrit, Stewart, 02 
Shieh, Jay, 16 
Si, Zhi-Yuan, 18 
Simone, Filomena, 0F 
Smith, Ralph C., 05, 06 
Sun, Yu-Chen, 12 
Talamadupula, Krishna T., 07 
Tan, Xiaobo, 0M 
Ulu, Furkan I., 1A 

vii

Proc. of SPIE Vol. 10968  1096801-7



Vella, Gianmarco, 0K 
Vignjevic, R., 0L 
von Lockette, Paris, 0G, 0P 
Wallmersperger, Thomas, 15 
Wang, Long, 0K 
Wang, Xiaojie, 14 
Wasilczuk, A., 0L 
White, Trent D., 0B 
Wong, Stephanie W., 0N 
Yan, Xiaojun, 0W 
Yeh, Sih-Ling, 04 
Young, B., 0A 
Zhang, Bin, 0W 
Zhang, Shuqing, 0W 
Zhang, Wei, 0P 
Zhang, Xiaoyong, 0W 
Zhong, Wei-Min, 18 
Zhou, Cheyney (Chiheng), 0N 
 

viii

Proc. of SPIE Vol. 10968  1096801-8



Conference Committee 
 
 
Symposium Chairs 

Tribikram Kundu, The University of Arizona (United States) 
Gregory W. Reich, Air Force Research Laboratory (United States) 
 

Symposium Co-chairs 

Zoubeida Ounaies, The Pennsylvania State University (United States) 
Hoon Sohn, KAIST (Korea, Republic of) 
  

Conference Chair 

Hani E. Naguib, University of Toronto (Canada) 
 
Conference Co-chairs 

Ryan L. Harne, The Ohio State University (United States) 
Aimy Wissa, University of Illinois at Urbana-Champaign Chapter 

(United States) 
 
Conference Program Committee 

Amir Ameli, Washington State University Tri-Cities (United States) 
Gregory P. Carman, University of California, Los Angeles (United States) 
Constantin Ciocanel, Northern Arizona University (United States) 
Marcelo J. Dapino, The Ohio State University (United States) 
Mohammad H. Elahinia, The University of Toledo (United States) 
Nakhiah C. Goulbourne, University of Michigan (United States) 
Darren J. Hartl, Texas A&M University (United States) 
Daniel J. Inman, University of Michigan (United States) 
Kwang Jin Kim, University of Nevada, Las Vegas (United States) 
Dimitris C. Lagoudas, Texas A&M University (United States) 
Hyeong Jae Lee, Jet Propulsion Laboratory (United States) 
Donald J. Leo, Virginia Polytechnic Institute and State University 

(United States) 
Jiangyu Li, University of Washington (United States) 
Christopher S. Lynch, University of California, Los Angeles (United States) 
William S. Oates, Florida State University (United States) 
Zoubeida Ounaies, The Pennsylvania State University (United States) 
Reza Rizvi, The University of Toledo (United States) 
Ralph C. Smith, North Carolina State University (United States) 
Vishnu Baba Sundaresan, The Ohio State University (United States) 

 

ix

Proc. of SPIE Vol. 10968  1096801-9



Session Chairs 

1      New Synthesis and Technologies 
Hani E. Naguib, University of Toronto (Canada) 
Saad Ahmed, Intel Corporation (United States) 

 
2      Modeling of Smart Materials 

Ryan L. Harne, The Ohio State University (United States) 
Aimy Wissa, University of Illinois (United States) 

 
3      Shape Memory Materials I 

Darren J. Hartl, Texas A&M University (United States) 
Julianna M. Abel, University of Minnesota, Twin Cities (United States) 

 
4      Mechanics of Smart Particulate Polymer Composites 

Ken J. Loh, University of California, San Diego (United States) 
Reza Rizvi, The University of Toledo (United States) 

 
5      Additive Manufacturing 

Hani E. Naguib, University of Toronto (Canada) 
 

6      Origami Materials 
Zoubeida Ounaies, The Pennsylvania State University (United States) 
Paris von Lockette, The Pennsylvania State University (United States) 

 
7      Magnetostrictive and Magnetorheological Materials 

Marcelo J. Dapino, The Ohio State University (United States) 
John A. Gallagher, Merrimack College (United States) 

 
8      Shape Memory Polymers II 

Jinsong Leng, Harbin Institute of Technology (China) 
Anil Erol, The Pennsylvania State University (United States) 

 
9      Multifunctional Composites Systems 

Oliver J. Myers, Clemson University (United States) 
Constantin Ciocanel, Northern Arizona University (United States) 

 
 

 

x

Proc. of SPIE Vol. 10968  1096801-10


