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                        Abstract

                        © 2017 The Authors. Projectile damage to building stone is a widespread phenomenon. Sites damaged 100 years ago during the First World War still see daily use, while in a more contemporary setting numerous reports show the damage to buildings in Babylon, Mosul and Palmyra. While research has been carried out on the long-term effects of conflict such as fire damage, little is known about the protracted damage sustained through the impact of bullets, shrapnel and other metal projectiles outside of the field of engineering focused on ceramics and metals. To investigate alterations to mineral structure caused by projectile damage, impacts were created in medium-grained, well-compacted, mesoporous sandstone samples using 0.22 calibre lead bullets shot at a distance of 20 m. Half these samples were treated with a surface consolidant (Wacker OH 100), to mimic natural cementation of the rock surface. These samples were then tested for changes to surface hardness and moisture movement during temperature cycles of 15–65°C. Petrographic thin section analysis was carried out to investigate the micro-scale deformation associated with high-speed impact. The results surprisingly show that stress build-up behind pre-existing cementation of the surface, as found in heritage sites that have been exposed to moisture and temperature fluctuations for longer periods of time, can be alleviated with a bullet impact.
 
                    

                
                                    
                        Citation

                        
                            Mol, L., Gomez-Heras, M., Brassey, C., Green, O., & Blenkinsop, T. (2017). The benefit of a tough skin: Bullet holes, weathering and the preservation of heritage. Royal Society Open Science, 4(2), Article 160335. https://doi.org/10.1098/rsos.160335
                        

                    

                
                	Journal Article Type	Article
	Acceptance Date	Jan 27, 2017
	Online Publication Date	Feb 22, 2017
	Publication Date	Feb 22, 2017
	Deposit Date	Feb 6, 2017
	Publicly Available Date	Feb 28, 2017
	Journal	Royal Society Open Science
	Electronic ISSN	2054-5703
	Publisher	Royal Society, The
	Peer Reviewed	Peer Reviewed
	Volume	4
	Issue	2
	Article Number	160335
	DOI	https://doi.org/10.1098/rsos.160335
	Keywords	benefit, tough, skin, bullet, holes, weathering, preservation, heritage
	Public URL	https://uwe-repository.worktribe.com/output/898184
	Publisher URL	http://dx.doi.org/10.1098/rsos.160335


            


            

                
                
                    
                        Files


                                                            
                                    
                                        
                                            
                                                
                                                    
                                                        160335.full.pdf
                                                        (4.1 Mb)
                                                        

                                                        PDF
                                                    


                                                    
                                                        
                                                            
                                                                 Download
                                                            
                                                                                                                            
                                                                     Preview
                                                                
                                                                                                                    

                                                    

                                                                                                            
                                                            Licence

                                                            http://creativecommons.org/licenses/by/4.0/
                                                        

                                                    
                                                    
                                                    
                                                    
                                                                                                    

                                            


                                        
                                    


                                                                            
    

    

        
            

        
    

    
    

                                    
                                                                

                                                                        

                
                
                                    
                        Organisation(s)

                        	
                                    
                                        FET Dept of Geography & Envrnmental Mgmt
                                    
                                


                    

                    


                
                
                
                
                
                
                    You might also like


                                            
                            
                                
                                    
                                        
                                            Bullet impacts in building stone excavate approximately conical craters, with dimensions that are controlled by target material
                                         (2022)
                                        

                                        Journal Article
                                    

                                

                            

                        
                                            
                            
                                
                                    
                                        
                                            Surface damage from perpendicular and oblique bullet impacts in stone
                                         (2022)
                                        

                                        Journal Article
                                    

                                

                            

                        
                                            
                            
                                
                                    
                                        
                                            Mortar damage to heritage stone
                                         (2022)
                                        

                                        Presentation / Conference
                                    

                                

                            

                        
                                            
                            
                                
                                    
                                        
                                            Influence of landscape moisture sources and topography on rock weathering patterns associated with wildfire
                                         (2022)
                                        

                                        Journal Article
                                    

                                

                            

                        
                                            
                            
                                
                                    
                                        
                                            The efficiency of elemental geochemistry and weathering indices as tracers in aeolian sediment provenance fingerprinting
                                         (2021)
                                        

                                        Journal Article
                                    

                                

                            

                        
                    
                    



                
                Downloadable Citations


                
                                            
                            
                                
                                HTML

                            

                        

                                        
                        
                            
                            BIB

                        

                    

                    
                        
                            
                            RTF

                        

                    

                                    

            


        

    








    
        
            UWE Bristol Research Repository Powered by Worktribe |
            Accessibility
        

    





    

    
        
            About UWE Bristol Research Repository

            
        
        

            Administrator e-mail: repository@uwe.ac.uk


            


            This application uses the following open-source libraries:


            


            SheetJS Community Edition

            Apache License Version 2.0 (http://www.apache.org/licenses/)


            


            PDF.js

            Apache License Version 2.0 (http://www.apache.org/licenses/)


            


            Font Awesome

            SIL OFL 1.1 (http://scripts.sil.org/OFL)

            MIT License (http://opensource.org/licenses/mit-license.html)

            CC BY 3.0 ( http://creativecommons.org/licenses/by/3.0/)


            



        
        
            Powered by Worktribe  © 2024

        
    





    

    
        
            Advanced Search

            
        

        

            
                
                    Just leave the fields blank that you don't want to search
                

            

            

                

                Repository ID

                
                    
                        
                    

                


                
                Title

                
                    
                        
                            all of
any of


                        
                    

                    
                        
                    

                


                
                Name

                
                    
                        
                    

                


                
                Year
        
                
                    
                        
                    

                


                
                Keywords

                
                    
                        
                            all of
any of


                        
                    

                    
                        
                    

                


                
                Faculties, Schools & Groups
                    
                
                    
                        ACE Central
ACE Dept of Art & Design
ACE Dept of Arts & Cultural Industries
ACE Dept of Creative & Cultural Industries
ACE Dept of Education and Childhood
ACE Dept of Film & Journalism
ACE Technical Resources
APD Central
Academic Practice Directorate
CATE Casuals
CATE Central
CATE School of Architecture and Environment
CATE School of Arts
CATE School of Computing and Creative Technologies
CATE School of Engineering
CATE TSU Temps
CATE Technical Resources
CBL Bristol Business School
CBL Bristol Law School
CBL Casuals
CBL Central
CBL TSU Temps
CHSS Casuals
CHSS Central
CHSS School of Applied Sciences
CHSS School of Education and Childhood
CHSS School of Health and Social Wellbeing
CHSS School of Social Sciences
CHSS TSU Temps
CHSS Technical Resources
CUWE School of UWE
College of Arts, Technology and Environment
College of Business and Law
College of Health, Science & Society
College of UWE
DDA Data Protection
DDA Digital Education
DDA Planning & BI
DIR Central
DIR Centre for Music
DIR Directorate Projects
DIR Legal and Contracts
DIR Planning & BI
Digital Education, Data & Analysis
Directorate
FAC Accommodation Services
FAC Business Support
FAC Catering & Bar Services
FAC Central
FAC Centre for Sport
FAC Cleaning Services
FAC Conference/ECC
FAC Estates Operations
FAC FT Facilities Technology
FAC Health & Safety Unit
FAC Logistics
FAC Printing & Stationery
FAC Security
FAC Space Management & Design
FAC Sustainability
FAC Travel & Access
FBL Bristol Business Engagement Centre
FBL Central
FBL Dept of Accounting Economics & Finance
FBL Dept of Business & Management
FBL Dept of Law
FCM Central
FCM Corporate Communications
FCM Creative Strategy
FCM Future Quest
FCM Global Centre
FCM International Recruitment & Admissions
FCM Marketing
FCM Student Journey Communications
FCM TSU Temps
FCM UK Recruitment & Admissions
FET Central
FET Dept of Architecture & Built Environ
FET Dept of Computer Sci & Creative Tech
FET Dept of Engineering Design & Mathematics
FET Dept of Geography & Envrnmental Mgmt
FET Technical Resources
FIN Central
FIN Commercial Services
FIN Corporate Services
FIN Faculty Finance
FIN Financial Services
FIN Procurement & Payments
FIN Systems and Management Accounts
FIN Treasury and Operations
Facilities
Faculty of Arts Creative Industries & Education
Faculty of Business & Law
Faculty of Environment & Technology
Faculty of Health & Applied Sciences
Finance
Future Students
Future Students, Comms and Marketing
HAR Dept of Animal and Agriculture Science
HAR Dept of Equine Science
HAR Dept of Sport Science
HAS Casuals
HAS Central
HAS Dept of Allied Health Professions
HAS Dept of Applied Sciences
HAS Dept of Nursing & Midwifery
HAS Dept of Social Sciences
HAS School of Health and Social Wellbeing
HAS Technical Resources
HRS Advice Hub
HRS Business Partners
HRS Central
HRS Consultancy
HRS Employee Relations & Reward
HRS Equality & Diversity
HRS HR Online Project
HRS Learning & Development
HRS Organisation & Learning Development
HRS Payroll & Pensions
HRS Resourcing
HRS Systems & Information
Hartpury (Associate Faculty)
Human Resources
IAE Casuals
IAE Central
IAE Employee Relations
IAE Equality, Diversity & Inclusivity
IAE Internal Communications
IAE Planning & BI
IAE TSU Temps
IT Services
ITS Applications Development & Testing
ITS Central
ITS Compliance & Security Team
ITS Enterprise Architecture & Strategy
ITS IT Operations
ITS Strategic Business Engagement
Inclusivity and Engagement
LCI Careers and Enterprise
LCI Equality Diversity and Inclusivity
LCI Library Services
Library Careers and Inclusivity
RBI Central
RBI Research & Business Enterprise Service
RBI Research & Development
Research  Business & Innovation
SAS Administration & Advice
SAS Casuals
SAS Central
SAS Policy Development & Student Experience
SAS Student Data & Systems
SAS Student Journey Programme
SAS Student Support & Wellbeing
SCM Central
SCM Corporate Communications
SCM Creative Strategy
SCM Strategic Marketing
SDS Central
SDS TSU Temps
SFS Admissions
SFS Central
SFS Global Centre
SFS International
SFS Recruitment & Outreach
SLF Business Change
SLF Casuals
SLF Central
SLF Information & Advice
SLF Student Support & Wellbeing
SLF TSU Temps
SPO Central
Strategic Communications and Marketing
Strategic Programmes Office
Student Data & Systems
Student Life
Student and Academic Services
University of the West of England


                    

                


                
                Type
                    
                
                    
                        Book
Book Chapter
Conference Proceeding
Dataset
Digital Artefact
Exhibition / Performance
Journal Article
Other
Patent
Physical Artefact
Presentation / Conference
Report
Thesis
Working Paper


                    

                


                
                Publication Status
                    
                
                    
                        Submitted
Accepted
In Press
Published
Unpublished


                    

                


                
                Journal or Publication Title

                
                    
                        
                            all of
any of


                        
                    

                    
                        
                    

                


                
                Order the results
                
                
                    
                        
                            By last modified (most recent first)
By last modified (oldest first)
By year (most recent first)
By year (oldest first)
By title


                        

                    

                


            


        
        
            
                
                    Search
                

                
                    Cancel
                

            

        
    







