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Foreword:

The present proceedings contain a collection of 330 papers on various aspects of analysis, design and
construction of spatial structures such as gridshells, barrel vaults, domes, towers, retractable systems and
tension structures. These papers were written by 763 authors, representing a total of 44 countries for
presentation at the seventh International Conference on Spatial Structures.

The International Conference on Spatial Structures has been organised and held on five previous occasions by
the Spatial Structures Research Centre of the University of Surrey in 1966, 1975, 1984, 1993 and 2002, and
in 2011 in collaboration with the International Association for Bridge and Structural Engineering (IABSE)
and International Association for Shell and Spatial Structures (IASS).

The seventh conference was hosted by the University of Surrey from the UK during 23rd — 27th August 2021;
it was combined with the 2020 annual symposium of the IASS. The conference was named IASS 2020/21 —
Surrey 7 and its strapline was “Inspiring the next generation”.

The planning and delivery of the conference had a long history: beginning in January 2016, and latterly very
heavily affected by the worldwide Covid 19 pandemic emerging during late 2019/early 2020.( The original
planned dates were 24th — 28th August 2020, but as the impact of the pandemic became more profound, the
mode of delivery evolved from fully in-person, through hybrid in-person/virtual to eventually becoming fully

virtual throughout the revised dates during 23rd — 27th August 2021.

The Scientific Committee was formed in May 2018 and had a membership of a hundred and twenty one
leading International Engineers and Architects, from both industry and academia; representing over thirty
countries. After a worldwide call for abstracts, the Scientific Committee received 468 submissions involving
1061 authors and subsequently each abstract was reviewed at least twice by members of the Committee.
Feedback on the abstracts was presented to almost all of the authors and afterwards, three hundred and thirty
nine full papers were received. The full papers were, in turn, reviewed by members of the Scientific
Committee, who generously gave their time to provide feedback to the corresponding authors. This
proceedings include contributions submitted directly by the authors and the editors cannot accept
responsibility for any inaccuracies, comments and opinions contained in the text.

The editors would like to take the opportunity to thank all authors for submitting their contributions, the
Scientific Committee for reviewing the abstracts and full papers and the Organising Committee for their
countless effort in making the conference a success.

Alireza Behnejad, Gerard Parke and Omidali Samavati

University of Surrey, Guildford, UK, August 2021
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Dear Author,

Please follow these brief instructions to submit your full paper via Easychair:

1-With your username and password, please login to the Symposium’s Easychair website,
which is https://easychair.org/my/conference?conf=iass2020surrey? (see Fig. 1)

C @ easychairorg/account/signin# Qa % DO w

Help / Log_in
EasyChair
The world for scientists

| Log in to EasyChair

‘ EasyChair uses cookies for user authentication. To use EasyChair,
you should allow your browser to save cookies from
easychair.org.

User name:

Password:

If you have no EasyChair account, create an account
Forgot your password? click here
Problems to log in? click here

Fig. 1: Easychair conference web

2- Based on your profile on Easychair, you may have various roles for some other
conferences. Please click on the Author for IASS2020/21-SURRY7, as shown in the red

dotted box in Fig. 2.

Conferences CFPs Preprints Slides News EasyChair

My Roles

To view only recent roles, click on "Recent roles".

To access any other EasyChair feature, use the main menu.

y EasyChair Preprints
You can now publish your preprints in EasyChair. Click the Preprints menu tab to

access the preprint publishing environment. You can either convert one of your
recent EasyChair paper to a preprint or create a completely new preprint.

Click here to access published preprints.

Your recent EasyChair roles are shown in the table below. Click on a role to access it.

Conference Role
L
(e el
\IASSZOZO/ZI-SURRE\N author
author

Fig. 2: Easychair conference webpage
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3- When you log in as an author, all of your submissions will be shown in tabular format (see
fig. 3). By clicking on the corresponding "view" icon (<), you can update your existing
submission.

# Authors Title Track View

Full paper

\ \
C
)

@

(L &Y
o OO0

)\ Y
O

\
(&)

\
©

-

1A552020/21- [ )
SURREY7 iz

-

\
0 O

Fe)

518 !
)

o

-

@t lj& ﬂ$ @& @{ @$

(¢]

-

Fig. 3: Table of the assigned abstracts for reviewing on Easychair

4- To update your submission, click on the update information link as demonstrated in Fig.
4
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IASS 2020/21 Help / Log out
€ '~552020/21-SURREY7 (author) é@ St

Spatial Structures 2020¢21
2327 AUGUST 2027, GUILDFORD UK

My Submissions = IASS2020/21-SURREY7 Premium Com‘erence.j News | EasyChair

IASS2020/21-SURREY7 Submission y At ivematia
Update authors

2 z a 2 3 Add or update files

If you want to change any information about your paper, use links in the upper right corner.

Withdraw

For all questions related to processing your submission you should contact the conference organizers. Click
here to see information about this conference.

Submission
Title:
o
Full paper: [Z7 (Dec 31, 15:25 GMT)
Track:

Author keywords:

EasyChair keyphrases:

Fig. 4: Details of the submission

5-Please fill-in the form and click the R EEITR[io]anaEXdle1aM button at the end, as shown in
Fig. 5.
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Publication agreement: declaration of third party copyright. Does your publication
contain any material bearing a copyright (tick as appropriate)?

If your contribution contains materials (e.g. tables or graphs) not owned by you (third party
copyright materials) you must submit a completed copyright permission form from each
copyright holder granting permission to reproduce the material in the proceedings, both in
hard copy and openly online. A third party copyright form is availabe at
https://www.surrey.ac.uk/sites/default/files/2021-01/IASS2021-publication-agreement.docx.
You should properly acknowledge all materials citation/referencing and/or with credits in
photo/figure/table captions.

(] Yes
No

Publication agreement:licence to publish. The copyright of the publication remains with
you, the authors. The copyright notice will read: “Copyright © 2020/21 by the author(s) as
listed above. Published in the Proceedings of the IASS Annual Symposium 2020/21 and the 7th
International Conference on Spatial Structures, with permission.”

I hereby grant the International Association for Shell and Spatial Structures, as well as the
University of Surrey a non-exclusive licence to publish this work and to disseminate it in any
current and future print and electronic formats, including in its open access repository.

By checking this box, the authors approve the licence to publish

Abstract (*). Please provide a single paragraph short abstract of no more than 150 words

Update Information

Fig. 5: Update information window

6- To upload your full paper, click on the Add or update files link as shown in Fig. 6
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1ASS 2020/21
SURREY 7 Help / Log ou

Imermational Conference on
Spatie! Structures 2020421

23437 AUGUST 2021, GUILOFORD UK

c I1AS52020/21-SURREY7 (author)

My Submissions = IASS2020/21-SURREY7  Premium Conferencej News EasyChair

IASS2020/21-SURREY7 Submission Uit

Update authors

o -
1

A . 4 2 A Add or update filesl
If you want to change any information about your paper, use links in the upper right corner. N ——— - - -

For all questions related to processing your submission you should contact the conference organizers. Click Withdraw

here to see information about this conference.

Submission
Title:
Full paper: [ZF (Dec 31, 15:25 GMT)
Track:

Author keywords:

EasyChair keyphrases:

Fig. 6: Details of the submission

7- Please upload the information required on the form and click the button at the
end, as shown in Fig. 7.

IASS 2020/21
SURREY 7 ==

International Conference on
Spatisl Structures 2020/21

23.27 AUGUST 2021. GUILDFORD UK

c IASS2020/21-SURREY7 (author)

My Submissions = TIASS2020/21-SURREY7 = Premium Conferem:e;j News EasyChair

Update Files for Submission 518

Use the form below to upload or update files for your submission.

The file is mandatory and cannot be deleted.

Admissible Giirent
File file >
S version
extensions
Full paper (*). Please upload your Full paper. The paper must be in PDF format (file extension .pdf) PDF (extension =
\ Choose File | No file chosen pdf) =
Figure (*). Please upload a figure which reflects your paper (300 dpi) PNG image
Choose File | No file chosen (extension png)
Picture (*). please upload a headshot of the first author (300 dpi) PNG image
| Choose File | No file chosen (extension png)
Copyright permission form for third party copyright materials. please upload copyright permission form for third

party copyright materials if it is applied to your paper ;del; {Extenslon

| Choose File | No file chosen

Fig. 7: Add or update files window
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8- Please email the conference team with any questions: iass2020@surrey.ac.uk
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Checklist for Full-paper Authors

Notes for Authors

The purpose of this checklist is to provide a concise aide memoire to allow authors to self-check their
papers for conformance with the conference template requirements BEFORE final paper submission.

The checklist is for authors’ (or their independent checkers’) use only. There is no requirement for
authors to submit this completed checklist along with the final version of their paper.

Item(s)

Confirmed Checked (v)

General Requirements

Paper size A4?

Minimum 6, maximum 12 pages?

Portrait orientation?

Text/figure/tables area 160mm wide x 232mm high?

25mm left & right margins?

35mm top margin; 25mm between header & paper top edge?

30mm bottom margin; 20mm between footer & paper bottom edge

Mandatory conference headers & footers used on first page?

Mandatory header on second & subsequent pages?

Sequential page numbers in footers on second & sequential pages?

Font of ALL text is Times New Roman?

Are Sl units used throughout, as necessary?

Correctly converted to PDF without any cross-referencing errors?

No password protection, or other lock, on file?

Paper Title

Correctly located on first page?

In 16pt bold text [Style: Title]?

First letter of first word in upper case; first letter of ONLY proper
nouns & acronyms in upper case?

Authors’ Names

Correctly located on first page, following paper title?

In 11pt text [Style: Authors]?

First forenames in full in lower case with first letter upper case?

Surnames in upper case?
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Item(s) Confirmed Checked (v)

Corresponding author with asterisk after surname?

Additional authors with superscript a, b, c, ... after surnames?

Authors’Affiliations

Correctly located on first page, following authors’ names?

In 10pt text [Style: Affiliation]

All authors’ affiliations present, as necessary?

Corresponding author’s affiliation preceded by asterisk?

Postal & email addresses of corresponding author present?

Additional authors’ affiliations, as necessary, present & preceded
by corresponding superscript a, b, c, ... ?

Abstract

Correctly located on first page, following authors’ affiliations?

Title in 12 pt bold text [Style: Heading 1] & unnumbered?

Text in 11pt justified text [Style: Normal]

Single paragraph of text ONLY?

Between 10 & 15 lines of text?

Keywords

Correctly located on first page, following abstract text?

In 10pt text [Style: Keywords], first word “Keywords:” in bold
text?

Less than 10 keywords or terms separated by commas?

First-level Headings

NOT separated from subsequent sub-headings or body text?

In 12pt bold text [Style: Heading 1]?

Correctly sequentially numbered, 1.,2.,3., ... ?

First letter of first word in upper case; first letter of ONLY proper
nouns & acronyms in upper case?

Second-level Headings

NOT separated from subsequent sub-headings or body text?

In 11pt bold text [Style: Heading 2]?

Correctly sequentially numbered, 1.1.,1.2.,1.3.,...,2.1,, 2.2,
L7

First letter of first word in upper case; first letter of ONLY proper
nouns & acronyms in upper case?
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Item(s) Confirmed Checked (v)

Third-level Headings

NOT separated from subsequent body text?

In 11pt italic text [Style: Heading 3]?

Correctly sequentially numbered, 1.1.1.,1.1.2.,1.1.3., ...?

First letter of first word in upper case; lower case all other text?

Body Text

In 11pt justified text [Style: Normal]

All citations to references correct & use reference first author
surname followed by reference number?

All references to figures correct?

All references to tables correct?

All references to equations correct?

Figures

All embedded in paper & NOT supplied as, or linked to, separate
files?

All clear, sharp & of sufficient quality to allow printing?

All centred between left & right margins?

All captions in 10pt centred text [Style: Captions]?

All captions preceded by “Figure” & correct sequential numbers 1:
,2:,3:0,...7

All captions immediately BELOW corresponding figure & NOT
separated by a page break?

Tables

All embedded in, or typed within, paper (& NOT supplied as, or
linked to, separate files)?

All clear & of sufficient quality to allow printing?

All centred between left & right margins?

All captions in 10pt centred text [Style: Captions]?

All captions preceded by “Table” & correct sequential numbers 1: ,
2:,3:,...?

All captions immediately ABOVE corresponding table & NOT
separated by a page break?

Equations

All centred between left & right margins?
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Item(s) Confirmed Checked (v)
All correctly sequentially numbered (1), (2), (3), ... ?

All equation numbers adjacent to, & not separated from,
corresponding equation?

All equation numbers justified to right hand page margin?

All equation numbers in 11pt text [Style: Equation]?

Acknowledgments (if present)

Correctly located, following all technical text?

Unnumbered heading “Acknowledgements” in 12pt bold text
[Style: Heading 1]?

Text in 11pt justified text [Style: Normal]

References

Correctly located, following acknowledgements or all technical
text?

Unnumbered “References” heading in 12pt bold text [Style:
Heading 1]?

List in 11pt text [Style: References]?

Listed in alphabetical order by surnames of first author?

Each preceded by correct sequential number in square brackets, [1],

[2], [3], ..

Each author(s), title(s), etc. in accordance with template?

o Finally, please kindly note that the content of the paper must be well-written in English. If you
doubt the quality of written English, please take some advice from your linguistic consultant.

Please feel free to contact us for any questions 11AS2020@surrey.
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