
         
 

ICMS XXVIII 

 

 

28th International Conference on Multidisciplinary Studies 

ñRecent Ideas and Researchò 

12-14 May 2022 

Amsterdam 

 

 

Editors  

Prof. Dr. Bob Barrett 

Prof. Dr. Rodica Sirbu 

Prof. Dr. Matti Itkonen 

Prof. Dr. Morakeng E. K. Lebaka 

 

 

BOOK OF PROCEEDINGS  

 

 

 

 



REVISTIA 

PUBLISHING AND RESEARCH 

 

28th International Conference on Multidisciplinary Studies 

ñRecent Ideas and Researchò 

12-14 May 2022 

Amsterdam 

 

Proceedings Book 

ISBN 9781915312020 

 

Every reasonable effort has been made to ensure that the material in this book is true, correct, complete, and 
appropriate at the time of writing. Nevertheless, the publishers, the editors and the authors do not accept 

responsibility for any omission or error, or for any injury, damage, loss, or financial consequences arising from the 
use of the book. The views expressed by contributors do not necessarily reflect those of Revistia.  

 

 

Typeset by Revistia 

Printed in Amsterdam 

 

 

Copyright © Revistia. All rights reserved. No part of this book may be reproduced in any form or by any electronic 
or mechanical means, including information storage and retrieval systems, without written permission from the 

publisher or author, except in the case of a reviewer, who may quote brief passages embodied in critical articles or 
in a review.  

 

 

Revistia Publishing 

Address: 11, Portland Road, London, SE25 4UF, United Kingdom 

Tel : +44 2080680407 

E-Mail : office@revistia.com 

mailto:office@revistia.com


International Scientific and Advisory Board 

 

Ewa Jurczyk-Romanowska, PhD - University of Wroclaw, Poland 

M. Edward Kenneth Lebaka, PhD - University of South Africa (UNISA) 

Sri Nuryanti, PhD - Indonesian Institute of Sciences, Indonesia 

Basira Azizaliyeva, PhD - National Academy of Sciences, Azerbaijan 

Federica Roccisano, PhD -  

Neriman Kara - Signature Executive Academy UK 

Thanapauge Chamaratana, PhD - Khon Kaen University, Thailand 

Michelle Nave Valadão, PhD - Federal University of Viçosa, Brazil 

Fouzi Abderzag, PhD  

Agnieszka Huterska, PhD - Nicolaus Copernicus University in ToruŒ 

Rudite Koka, PhD - Rǭgas StradiǺa universitǕte, Latvia 

Mihail Cocosila, PhD - Athabasca University, Canada 

Gjilda Alimhilli Prendushi, PhD -  

Miriam Aparicio, PhD - National Scientific and Technical Research Council - Argentina 

Victor V. Muravyev, PhD - Syktyvkar State University of Pitirim Sorokin, Russia 

Charalampos Kyriakidis - National Technical University of Athens, Greece 

Wan Kamal Mujani, PhD - The National Universiti of Malaysia 

Maria Irma Botero Ospina, PhD - Universidad Militar Nueva Granada, Colombia 

Mohd Aderi Che Noh, PhD - National University of Malaysia 

Maleerat Ka-Kan-Dee, PhD  

Frederico Figueiredo, PhD - Centro Universitário Una, Belo Horizonte, Brazil 

Iryna Didenko, PhD - Taras Shevchenko National University of Kyiv, Ukraine 

Carlene Cornish, PhD - University of Essex, UK 

Sadegh Ebrahimi Kavari, PhD  

Mohammed Mahdi Saleh, PhD - University of Jordan 

Andrei Novac, MD - University of California Irvine, USA 

Ngo Minh Hien, PhD - The University of Da Nang- Universiy of Science and Education, Vietnam 

Kawpong Polyorat, PhD - Khon Kaen University, Thailand 

Haitham Abd El-Razek El-Sawalhy, PhD - University of Sadat City, Egypt 

Ezzadin N. M.Amin Baban, PhD - University of Sulaimani, Sulaimaniya, Iraq 

Catalin Zamfir, PhD ï Academia Romana, Bucharest, Romania 

Dominika Pazder, PhD - PoznaŒ University of Technology, Poland 



Sassi Boudemagh Souad, PhD - Université Constantine 3 Salah Boubnider, Algérie 

Lulzim Murtezani, PhD - State University of Tetovo, FYROM 

Ebrahim Roumina, PhD - Tarbiat Modares University, Iran 

Najada Quka, PhD - Sports University of Tirana, Albania 

Sindorela Doli-Kryeziu - University of Gjakova "Fehmi Agani",   Kosovo 

Nicos Rodosthenous, PhD - Aristotle University of Thessaloniki, Greece 

Irene Salmaso, PhD - University of Florence, Italy 

Non Naprathansuk, PhD - Maejo University, Chiang Mai, Thailand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ISBN  
9781915312020 

28th International Conference on Multidisciplinary Studies 
Amsterdam, 12-14 May 2022 

Book of 
Proceedings 

 

 
5 

TABLE OF CONTENTS 

 

PROTECTION OF CIVIL AND INDUSTRIAL ENVIRONMENT AGAINST EXPLOSIONS OF PRESSURE 

VESSELS: SITTING AND LAYOUT OF SAFETY BARRIERS ............................................................... 10 

EGIDIJUS RYTAS VAIDOGAS 

SPECTRAL STUDIES OF ANALGESIC, ANTIPYRETIC AND ANTI-INFLAMMATORY DRUGS USED IN 

MEDICAL THERAPY IN ROMANIA .............................................................................................. 32 

SIRBU RODICA 

ANA MARIA IONESCU 

SANDA JURJA 

CEZAR LAURENTIU TOMESCU 

THE WAVES OF TIME REVISITED ................................................................................................ 43 

MATTI ITKONEN 

THE IMPACT OF JUSTICE REFORM IMPLEMENTATION IN ALBANIA ........................................... 56 

ERJOLA XHUVANI 

EFFICIENCY OF ONLINE LEARNING AND DIFFICULTIES ENCOUNTERED. CASE OF ALBANIAN 

STUDENTS ................................................................................................................................. 67 

DRITAN SHORAJ 

ESRA KADIU 

SURREALIST ARTWORKS AS A STIMULUS FOR STUDENT ARTISTIC EXPRESSION ........................ 77 

DUBRAVKA K¦~29±L0 

MARIJA Bw!W2L0 

VALUABLE BIOACTIVE COMPOUNDS EXTRACTED FROM CERAMIUM RUBRUM ON THE 

ROMANIAN SEASIDE WITH MEDICAL INTEREST ........................................................................ 95 

ANA-MARIA-LAURA DRAGAN 

RODICA SIRBU 

EMIN CADAR 

USE OF ICT IN IMPROVING AIR QUALITY (THE CASE OF THE CITY OF TIRANA) ......................... 107 

LUAN BEKTESHI 

PREVENTIVE AND INTERCEPTIVE ORTHODONTICS TREATMENT .............................................. 123 

ROZELA XHEMNICA 



ISBN  
9781915312020 

28th International Conference on Multidisciplinary Studies 
Amsterdam, 12-14 May 2022 

Book of 
Proceedings 

 

 
6 

MILTON RROÇO 

A LITERATURE REVIEW ON SCHOOL LEADERSHIP AND THE IMPACT OF THE LEADER MANAGER 

IN IMPROVING ALBANIAN SCHOOL EFFECTIVENESS ................................................................ 130 

EDI PUKA 

INHERITANCE AND THE ROLE OF NOTARIES IN INHERITANCE PROCEDURE IN THE REPUBLIC OF 

NORTH MACEDONIA ............................................................................................................... 138 

XHEMILE SALIU 

FJOLLA KAPROLLI ISMAILI 

INFORMAL LEARNING OF INDIGENOUS MUSIC AND DANCE THROUGH OBSERVATION AND 

IMITATION AS A FILTER THROUGH WHICH ALL THAT IS ENCOUNTERED DURING THE 

¢w!b{aL{{Lhb twh/9{{ L{ Lb¢9wtw9¢95Υ ¢I9 /!{9 hC .!t95L /IL[5w9bΩ{ a¦{L/![ !w¢{ 150 

MORAKENG EDWARD KENNETH LEBAKA 

THE SHARED LANDSCAPE. STRATEGIES FOR ETHICAL AND DEMOCRATIC LIVING .................... 164 

VERENO BRUGIATELLI 

EMERGENCY CARE UNIT AND PATIENT SATISFACTION, DURING COVID-19 PANDEMIC: DURRES 

HOSPITAL CASE ....................................................................................................................... 170 

REZARTA KALAJA 

MUSICAL PREFERENCES OF STUDENTS IN CROATIA AND BOSNIA AND HERZEGOVINA ........... 176 

SbW9¿!b! DOBROTA 

MARTINA G[!±!~ 

DUBRAVKA 2¦.wL0 

PHYTO ANTITUSSIVE MEDICINES AFFECT THE COUGH TREATMENT FOR COVID-мфΩ{ /IL[5w9bΩ{ 

PATIENTS ................................................................................................................................ 190 

KLEVA SHPATI 

ANALYSIS OF ISMAIL KADARE PROSE PROSPECTS UNDER THE OPTICS OF V. L. PROPP ........... 197 

DHURATA LAMCJA 

V. PROPP ANALYSIS OF THE 80S SHORT PROSE POETICS IN ALBANIAN LITERATURE ............... 216 

DHURATA LAMCJA 

PREVALENCE OF EYE DISEASES IN ALBANIA ............................................................................ 225 

MARSIDA KRASNIQI 



ISBN  
9781915312020 

28th International Conference on Multidisciplinary Studies 
Amsterdam, 12-14 May 2022 

Book of 
Proceedings 

 

 
7 

METHOD FOR OBTAINING AND PHYSICO-CHEMICAL CHARACTERIZATION OF ........................ 234 

COLLAGENIC EXTRACT OF RHIZOSTOMA PULMO FROM THE BLACK SEA ................................. 234 

ANA-MARIA PESTERAU 

RODICASIRBU 

EMINCADAR 

ZEIN CONJUGATES WITH POTENTIAL CONTROLLED DRUG DELIVERY PROPERTIES .................. 245 

LAURA DARIE-ION 

AUREL PUI 

BRINDUSA ALINA PETRE 

OPTIMIZING PROJECT MANAGEMENT USING ARTIFICIAL INTELLIGENCE ................................ 247 

VALMA PRIFTI 

IMPORTANCE OF BIOACTIVE COMPOUNDS OF GANODERMA LUCIDUM EXTRACT IN MEDICAL 

FIELD ....................................................................................................................................... 257 

CAROLINA PASCALE 

RODICA SIRBU 

EMIN CADAR 

ANTIOXIDANT AND ANTIBACTERIAL POTENTIAL OF ULVA LACTUCA SPECIES FROM ROMANIAN 

BLACK SEA COAST ................................................................................................................... 267 

EMIN CADAR 

TICUTA NEGREANU-PIRJOL 

BOGDAN-STEFAN NEGREANU-PIRJOL 

WINNING PRESCRIPTION WITHOUT TITLE OF STATE PROPERTY .............................................. 281 

BRUNELA KULLOLLI 

AN OVERVIEW OF CORRELATIONS BETWEEN THERAPEUTIC USES AND CHEMICAL 

COMPOSITION OF MORUS NIGRA AND MORUS ALBA SPECIES FRUITS ................................... 294 

TICUTA NEGREANU-PIRJOL 

EMIN CADAR 

BOGDAN-STEFAN NEGREANU-PIRJOL 

THE IMPORTANCE OF DOPPLER ULTRASOUND IN HIGH RISK PREGNANCIES AT GYNECOLOGICAL 

h.{¢9¢wL/ ¦bL±9w{L¢¸ Ih{tL¢![ άa.w9¢>w9{I! D9w![5Lb9έ ¢Lw!b!Σ ![.!bL!............... 307 

DRITAN SHPATI 



ISBN  
9781915312020 

28th International Conference on Multidisciplinary Studies 
Amsterdam, 12-14 May 2022 

Book of 
Proceedings 

 

 
8 

ONLY HUMANITIES EDUCATION WILL HELP FUTURE ENGINEERS AVOID EXTINCTION ............. 309 

EDGARDO MAZA-ORTEGA 

HOW TO COMPUTE THE GRADIENT OF THE ANALYTICALLY UNKNOWN VALUE FUNCTION ..... 311 

MALKHAZ SHASHIASHVILI 

LOGISTICS OF INFORMATION SYSTEMS AS IMPORTANT FACTOR OF PERFORMANCE ............. 312 

- CASE STUDY DURRES PORT ................................................................................................... 312 

ENG ELI VYSHKA 

.![!b/LbD ΨwL{Y !²!w9b9{{Ω !b5 Ψt!b59aL/ ²hww¸ΩΚ ................................................... 313 

EVIDENCE FROM COVID 19 ..................................................................................................... 313 

VILAPLANA-PRIETO, C. 

IS MASSTIGE THE NEW LUXURY? FACTORS DRIVING CONSPICUOUS CONSUMPTION OF 

MASSTIGE FASHION AMONG THE YOUTH IN AFRICA .............................................................. 314 

MARIKE VENTER DE VILLIERS 

EDUCATION CHALLENGES FOR THE ROHINGYA CHILDREN IN BANGLADESH ........................... 315 

TANIA HOSSAIN 

ENGAGING CONVERSATIONS AROUND AESTHETICS: A STUDY INTO FEMININE BEAUTY IDEALS 

IN PAKISTANI ADVERTISEMENT DISCOURSE ........................................................................... 317 

MEHREEN UMAR 

A PRODUCTION LINE OPTIMIZATION MODEL TO IMPROVE EFFICIENCY IN A MOTOR VEHICLE 

FACTORY ................................................................................................................................. 318 

UGUR BAC 

INTERPRETATION OF VP ELLIPSIS SENTENCE BY JAPANESE LEARNERS OF ENGLISH AS A FOREIGN 

LANGUAGE .............................................................................................................................. 319 

AKIHIRO ITO 

DEVELOPMENT OF MICRO-MOBILITY SHARING SERVICES IN SMART CITY .............................. 320 

YELENA POPOVA 

DIANA ZAGULOVA 

STUDY PROGRAMS OF APPLIED MATHEMATICS AND DATA SCIENCE ON FACULTY OF SCIENCES 

AT UNIVERSITY OF NOVI SAD AND INTERNATIONALIZATION OF HIGHER EDUCATION ............ 322 



ISBN  
9781915312020 

28th International Conference on Multidisciplinary Studies 
Amsterdam, 12-14 May 2022 

Book of 
Proceedings 

 

 
9 

DANIJELA RAJTER-CIRIC 

TATJANA PIVAC 

FACTORS RELATED TO THE DEMAND FOR ORTHODONTIC TREATMENT .................................. 323 

ELONA KONGO 

CL.9w w9LbChw/95 th[¸a9w όCwtύΩ a!¢9wL![{ !b5 ¢I9Lw Lat!/¢ Lb {¢w¦/¢¦w![ ²9LDI¢Ω 

REDUCTION OF THE VESSELS ................................................................................................... 324 

MIRELA KOCI 

THE IMPACT OF DIFFERENT STRENGTH EXERCISES ON THE ATHLETE'S JUMPING ABILITY ....... 325 

RIGERTA SELENICA 

ELECTROMAGNIC ABSORPTION SHIELDING OF RUBBER MAGNETIC COMPOSITES .................. 326 

JÁN Kw¦¿9[#Y 

ANDREA K±!{bL2#Yh±# 

IVAN HUDEC 

RASTISLAV DOSOUDIL 

MARAGING 300 STEEL SUBJECTED TO ULTRASONIC FATIGUE TESTS, AT ROOM TEMPERATURE

 ............................................................................................................................................... 328 

GONZALO M. DOMINGUEZ ALMARAZ 

PRIORITIZING AND RANKING OF ENTERPRISE RESOURCE PLANNING SELECTION CRITERIA FOR 

RAILWAY INDUSTRY ................................................................................................................ 329 

TURAN ERMAN ERKAN 

PARTY PLATFORMS AND VOTERS ............................................................................................ 330 

LORENC LIGORI 
 

 

 

 

  



ISBN  
9781915312020 

28th International Conference on Multidisciplinary Studies 
Amsterdam, 12-14 May 2022 

Book of 
Proceedings 

 

 
10 

Protection of Civil and Industrial Environment Against Explosions of 
Pressure Vessels: Sitting and Layout of Safety Barriers  

 

Egidijus Rytas Vaidogas 

Vilnius Gediminas Technical University, Vilnius, Lithuania 

 

Abstract  

Protection of built environment in cities and industrial facilities against the 
hazard of pressure vessel explosions is considered. The main attention is 
focused on bursts of vessels used for storage and transportation of liquefied 
gasses. The risk posed by fragments of exploding tanks is analyzed as the 
farthest reaching damaging effect of these accidents. It is studied how to 
reduce or eliminate this risk by means of safety barriers build in the vicinity 
of vessels posing the hazard under study. Sitting and layout of barriers made 
of reinforced concrete are considered. It is proposed to design these barriers 
as cantilever walls allowing to provide protection at the lowest cost. A 
procedure developed for dynamic analysis and dimensioning of a barrier is 
suggested. The key input information for this procedure is a sample of values 
of vessel fragment impact velocities and masses obtained by means of a 
stochastic simulation. Findings of this study can be applied to all situations 
where pressure vessel can get into fire and explode. Examples of such 
situations are tank stations with above-ground gas cylinders, roadside 
territory in road and rail way transportation, sites of facilities used to store or 
transship liquefied gasses. 

Keywords:  safety barrier, explosion, pressure vessel, liquefied gas, risk. 

 

1. Introduction  

Pressure vessels are widely used in industry, agriculture and even in urban 
environment. They are undoubtedly very useful and sometimes indispensable parts 
of technological equipment that provides services to industrial facilities and general 
public. At the same time pressure vessels are hazardous objects that can explode for 
a variety of causes. One of the most dangerous explosions can occur when a pressure 
vessel will emerge in an external fire. External heating can cause the so-called boiling 
liquid expanding vapour explosion (BLEVE) (e.g., Mannan, 2014). Bursting of vessel 
in the course of BLEVE will lead to ejection and projection of fragments (parts of 
vessel body). They are the furthest reaching hazard of BLEVE (T. Abassi & S. A. Abbasi, 
2007). The present study is devoted to a design of safety barriers that can stop vessel 
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fragments ejected during such events as BLEVESs. The key idea is to design an 
economical protective structure that will be sacrificed in case of a fragment impact. 
The gap of knowledge addressed in this study is how to compose and reinforce a 
reinforced concrete (RC) element that will serve as a protective wall. Methods 
developed for analysis of barrier intended to protect against rock fall boulders are 
adapted to the case of the fragment impact (Lam et al., 2018ab; Sun et al., 2017; Yong 
et al. 2020ab). This adaptation is seen as the main added value of this study. 

2. The Safety Problem Under Study  

The prevailing population of pressure vessels are containers used to store and 
tranship such flammable liquefied gasses as LPG and LNG. The most visible place of 
urban environment where above-ground pressure vessels can be encountered are 
petrol stations (Figure 1). These objects are relatively safe. However, occasionally 
fires and explosions happen in them (ARIA, 2009). Explosions are provoked most 
often during operations fuel unloading from a road tanker to tanks of a station (Park 
et al., 2006). Even the LPG pressure vessels built underground can undergo 
explosions (Ding et al., 2013). Pool fire or jet fire impinging an above-ground vessel 
can provoke a BLEVE. One of the hazards posed by BLEVE is high-energy fragments 
ejected during pressure vessel disintegration. They can flight long distances and cause 
severe damage to objects of civil and industrial environment. 

The vessel disintegration in the course of a BLEVE indicates some regularity in terms 
of fragment shapes and failure (cracking) patterns (Vaidogas, 2021a). This allows to 
predict ejection velocities and masses of most dangerous fragments, namely, end-caps 
and oblong end-caps of exposing vessels. This information opens up a possibility to 
design safety barrier that could stop the projection of fragments. Companies running 
petrol stations with above-ground pressure vessels are aware of the hazard of vessel 
explosions and the need to protect surrounding territory of the stations by providing 
ÓÁÆÅÔÙ ÂÁÒÒÉÅÒÓȢ 4Ï ÔÈÅ ÂÅÓÔ ÏÆ ÏÕÒ ËÎÏ×ÌÅÄÇÅȟ ÔÏ ÄÁÔÅ ÓÕÃÈ ÂÁÒÒÉÅÒÓ ÁÒÅ ÄÅÓÉÇÎÅÄ ȰÂÙ 
ÅÙÅȱȟ ÔÈÁÔ ÉÓȟ ×ÉÔÈÏÕÔ ÁÐÐÌÙÉÎÇ ÁÎÙ ÒÉÇÏÒÏÕÓ ÐÒÏÃÅÄÕÒÅÓ ÁÎÄ rules of dynamic 
mechanical analysis and structural design. These activities have resulted in strange 
design solutions when the barriers were built in the form of unreinforced masonry 
walls that were not anchored in their foundations (Figures 2 and 3). Such walls 
provide some minimum protection against flying fragments; however, unreinforced 
masonry can hardly sustain severe horizontal actions of impact by vessel fragments. 
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Figure 1. LPG pressure vessels in petrol stations: above: unprotected pressure 
vessels, below: pressure vessels protected with anti-ÒÁÍ ÆÅÎÃÅ ɉÁÕÔÈÏÒȭÓ ÐÈÏÔÏÓɊ 
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Figure 2. Unreinforced masonry wall built at the end of a pressure vessel used in a 
ÐÅÔÒÏÌ ÓÔÁÔÉÏÎ ɉÁÕÔÈÏÒȭÓ ÐÈÏÔÏÓɊ 

 

 

Figure 2. Two photos of a strange masonry structure built as a protective barrier in a 
ÐÅÔÒÏÌ ÓÔÁÔÉÏÎ ɉÁÕÔÈÏÒȭÓ ÐÈÏÔÏÓɊ 

The present study is aimed at providing recipes for the design of a safety barrier 
produced and constructed as a precast RC element and capable to stop most 
dangerous flying parts of a pressure vessel that can undergo such explosions as 
BLEVE. Prediction of properties of impacting fragments has been considered in out 
earlier works (Vaidogas, 2021ab). 

3. Proposed Method for a Protection Against Fragments From Explosions of 
Pressure Vessels 

3.1. Conceptualisation and Dimensioning of the Safety Barrier  

A natural design solution of a protective barrier is a cantilever properly anchored in 
the soil. The shape of the horizontal section of the barrier can essentially influence the 
resistance of the barrier to fragment impact (Figure 4). The general rule is that the 
larger is the moment of inertia of the horizontal section the larger is resistance of the 
ÂÁÒÒÉÅÒȢ )Î ÔÈÉÓ ÓÅÎÓÅȟ ɩ-ÓÈÁÐÅÄ ÁÎÄ ɤ-shaped barriers are preferable to an I-shaped 
barrier. On the other hand, the I-shaped barrier will occupy lesser space and will be 
cheaper to produce and erect. 
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Figure 4. Possible configurations of safety barrier: (a) I section, (b) ɀ I section with L 
shaped vertical section, (c) ɀ ɩ ÓÅÃÔÉÏÎȟ (d) ɀ ɤ ÓÅÃÔÉÏÎ 

The design of the I-shaped barrier must start from the choice of the height h  and the 
length b  of the cantilever wall (above-ground portion of the barrier) (Figure 4a). The 
values of h  and b  should minimise the possibility that the fragment of pressure vessel 
will pass by the barrier. End-caps and oblong end-caps of exploding pressure vessels 
are ejected not necessarily along its principle axis (e.g., Mannan, 2014). The overall 
dimensions h  and b  should not be very large if the barrier will be positioned close to 
the vessel endpoint as shown in Figure 4a. These dimensions can also be determined 
by the space available for barrier construction and/or configuration of technological 
equipment around the vessel to be isolated by the barrier. 

We think that the most economical solution of the barrier is a simple, I-shaped 
cantilever wall that can be produced as a precast RC structure. As pressure vessel 
explosions are relatively rare events, it makes sense to design and build such a barrier 
as a sacrificial structure. I should be possible to reposition this precast element when 
the protection of surroundings of an individual vessel will no longer be required. 

3.2. Design of the Sacrificial Wall of the Protective Barrier  

The attempt to design and build a cantilever RC wall that fulfils its protective function 
and is as cheap and easy to construct as possible leads to the concept of a sacrificial 
barrier ( Linkute et al., 2013). The cantilever wall can be designed to undergo a 
flexural failure at the base of the wall in consequence of a fragment impact. The 
section should be allowed to sustain foreseeable degree of damage, provided that the 
impacting fragment will be stopped. The damage can be expressed by the deflection 
D demanded by the impact (Figure 5). Geometrically values of the deflection D can 
range between zero and the height of cantilever wall, h  (Figure 5b). A principal limit 
of D is the deflection at the yield point, yD  (Figure 5a). Yielding of the tensile 

reinforcement in consequence of a fragment impact will cause irreparable damage to 
the cantilever wall, because the main reinforcement will be lost in essence. Thus 
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attaining the yield limit yD  ÂÙ ÔÈÅ ×ÁÌÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÃÁÎ ÂÅ ÓÅÅÎ ÁÓ Á ȰÓÁÃÒÉÆÉÃÉÎÇȱ ÏÆ 

the barrier. 

A design of the barrier for a deflection significantly exceeding the yield limit yD  is 

possible in theory and logically justified. However, excessively large deformations of 
the wall can provoke a failure of barrier foundation. Moreover, excessively large 
deformations well beyond the yield limit can be difficult to predict with a sufficient 
precision. For instance, the bond of reinforcement with the concrete can be lost in the 
zone of maximum damage. 

In a highly specific case the deflection D can be limited by a critical value critD  related 

to prevention of a domino effect. It can be caused by an impact of falling wall on 
adjacent technological equipment (Figure 5c). In this case the tolerable value of D 
will be determined by a local configuration of potential targets with respect to the 
vessel that can undergo an explosive fragmentation. 

(a) (b) (c)

ɝ Ђ ɝy ɝ ḻ ɝy

ɝ = h
ɝ = ɝcrit

Rest position of 

fragment upon impact

Figure 5. Deflections of the cantilever wall related different degrees of impact damage 
to the barrier: (a) deflection D in the region of the yield limit Dy  (b) deflection D 

exceeding the yield limit Dy  or corresponding to a full collapse of the wall, (c) 

deflection limited by a critical value critD  at which a domino effect can occur 

The design of a barrier wall, the deflection of which, D, will be close to but not exceed 
the yield limit Dy , seems to be a compromise between an economical solution and 

possibility to predict barrier response to the fragment impact with sufficient 
precision. In the case that D approaches Dy , the section will be allowed to undergo 

cracking and reinforcement yielding and to arrive at an economical design. A fully 
cracked section at the bottom of the wall will remain elastic if crcM < MЅ yM , where M  

is the bending moment shown in Figure 6, crcM  is the cracking moment and yM  is the 

yield moment. A simplified method for calculation of yM  and D was suggested by 

Priestley et al. (2007) and Yong et al. (2020b): 
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 0,80 0.9 y s y sM A f d=  (1) 

 
1 0( , , , , )y frg walld m v mD j e=  (2) 

 
2( , , , )y y impd h hD j e=  (3) 

where sA  is the area of tensile reinforcement, yf  is the yield strength of steel and sd  

is the effective depth of tensile steel (Figure 6). The functions 1( )j Ö and 2( )j Ö relate 

the deflections D and yD  to the input variables of the problem. These functions and 

their arguments are explained in Figure 6 and Annex C. 

In the present format, the design of a sacrificial barrier will consist in a provision of 
the required area of tensile reinforcement, sA , at which the deflection demand D will 

be as close as possible to the yield limit Dy . The closed-form expressions relating sA  

and other properties of tensile reinforcement to the deflections D and yD  are given 

in Annex C. 

 

Figure 6. Vertical section of a barrier at critical displacement position, expressed by 
the value yD : (a) barrier cast on top of a footing, (b) barrier with direct embedment 

foundation 
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In principle, the deflection D can also be limited by a tolerable deformation of the 
wall portion below the ground level. This deformation is characterised by the angle 
qfooting  and the displacement Dfooting  shown in Figure 6. They should not exceed values 

corresponding to foundation failure at the instant of a fragment impact. The 
resistance of the barrier portion below the ground level to the impact action will 
depend on the mechanical properties of soil surrounding footing or direct 
embedment foundation. However, a detailed geotechnical analysis of barrier support 
by the soil was outside the scope of the present study. Tentatively, we will assume 
that the rotational resistance of foundation will be sufficient to idealise the barrier as 
a cantilever wall. 

4. Example of Safety Barrier Design  

4.1. Design Situation and Composition of Barrier  

A cylindrical propane storage vessel shown in Figure 9 is considered. Technical 
characteristics of the vessel are listed in Table 1. The vessel can undergo a BLEVE and 
a fragment ejected by this explosion can cause damage to the territory located on the 
left of the vessel. The territory must be protected by a barrier with overall dimensions 
and location specified in Figure 9. Structural properties of the barrier are listed in 
Table 2. 
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Figure 9. Pressure vessel posing the hazard of a fragment ejection and safety barrier 
to be design to protect against this hazard 

Table 1. Characteristics of propane vessel shown in Figure 9 

Characteristic Value 

Volume 
vesselV  32.9 m3 

Diameter D  2.2 m 

Mass of empty vessel, vesselm  6871 kg 

Mass of 1 m cylindrical ring  651 kg/m  

Mass of head (end-cap) 776 kg 

Length of cylindrical part, cyll  8.17 m 

The set pressure of PRV, setp  2.2 MPa 

Specific heat ratio of propane, r  1.13 

 

Table 2. Structural properties of the barrier depicted in Figure 9 

Property Value 

The height of the cantilever wall, h  3.6 m 

Thickness of the cantilever wall, d  0.4 m 

Mass of the cantilever wall, wallm  (1) 14 676 kg 
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Diameter of the vertical reinforcement 
bars 

 mm 40 ה

Spacing of vertical bars Has to be determined by calculation, see 
Table 4 

The effective depth sd  0.34 m 

Required area of tensile reinforcement, 

sA  
Has to be determined by calculation, see 
Table 4 

Yield strength of reinforcement, yf  545 MPa 

Yield strain of reinforcement, ey  0.00273 

(1) RCr  = 2548 kg/m3 

 

4.2. Information on Fragment Impact Action  

The information on the fragment impact is represented by results of a stochastic 
(Monte Carlo) simulation of fragmentation and ejection of fragments obtained by the 
author (Vaidogas, 2021b). A total of 10 000 simulation runs was carried out. The 
simulation has been carried out for the vessel shown in Figure 9. It generated a 
statistical sample of pairs of masses and velocities of fragments ejected towards the 
barrier, , 0( , )frg i im v  ( i  = 1, 2, ... , 10 000). The pairs , 0( , )frg i im v  are illustrated by a scatter 

diagram given in Figure 10. Descriptive measures of the simulated samples 

,{ , 1, 2, ... , 10000}frg im i=  and 0{ , 1, 2, ... , 10000}iv i=  are given in Table 3. 
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Figure 10. Scatter diagram of the pairs , 0( , )frg i im v  ( i  = 1, 2, ... , 10 000) 

Table 3. Descriptive measures of the samples consisting of masses ,frg im  and ejection 

velocities 0iv  of fragments that can be projected towards the safety barrier shown in 

Figure 9 

Characteristics of fragment Mean Coeff. of variation 
95th 
percentile(2) 

Fragment mass ,frg im (1) 2089 kg 40.7 % 3880 kg 

Ejection velocity 0iv  33.0 m/s 28.4 % 49.1 m/s 

(1) i  = 1, 2, ... , 10 000 

(2) See Figure 10 

 

The design of the barrier by applying methods of the structural reliability analysis 
would require to utilise information represented by all pairs , 0( , )frg i im v  (Vaidogas, 

2007). However, the design of the barrier in line with traditional deterministic 
methods implemented in such documents as Eurocodes only a part of this 
information. Data on fragment mass frgm  and velocity 0v  can be expressed by 

conservative percentiles, say, 95th percentiles given in Table 3. Thus the required 
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tensile reinforcement of the barrier will be calculated for the impact action 
characteristics frgm  = 3880 kg and 0v  = 49.1 m/s. 

It was also assumed that the impact point of the fragment will coincide with the 

primary vessel axis and so the impact height imph  will be equal to 2.0 m (Figure 9). 

4.3. Determination of the Required Area of the Tensile Reinforcement  

The height of the cantilever wall and length of the barrier, h  and b , are equal to 3.6 m 
and 4.0 m, respectively. This means that the mass of the cantilever part, wallm , is equal 

to 14 676 kg (Table 2). The 95th percentile of the fragment mass frgm  is equal to 

3880 kg (Table 2). This means that the target is heavier than the impactor and the 
vessel fragment will rebound from the wall (Annex B). With the masses wallm  and frgm

ȟ ÔÈÅ ÒÁÔÉÏ ÏÆ ÔÁÒÇÅÔȭÓ ÍÁÓÓ ÔÏ Émpactor mass is given by 

0.25 0.25 14 676
0.946

3880
wall

frg

m

m
l

³
= = =  

An estimate of the fragment velocity on rebound in the opposite direction has been 
obtained by means of Eq. (B.3), namely 

1 00.1537 0.1701 0.1537 0.1701 49 1 8.20 m/s.v v= - = - ³ =-  

According to the considerations given in Annex A, a conservative value of the effective 

length, effb , must be taken as 0.5b  = 2 m. The required area of the tensile 

reinforcement, sA , will be provided within the length effb  = 2 m, 1 m on each to side 

of the wall centreline. The reinforcement ratio of this reinforcement, rs , will be

/(2×0.4) = 1.25s sA A . The tensile reinforcement with this ratio should be extended over 

the entire length of the wall due to possibility of fragment impact outside the wall 
centreline (Annex A). The required area sA  has been calculated by means of the 

procedure provided in Annex C. Results of the calculation are given in Table 4. 

Table 4. Determination of number and spacing of 40 ה mm bars used for the tensile 
reinforcement 

Number of bars N.A. 20 10 8 

Spacing of 40 ה mm bars (mm) N.A. 100 200 250 

Area of the tensile reinforcement sA  (cm2) N.A. 251 125.5 100.8 

Yield moment capacity yM  (MNm) (C.1) 3.35 1.67 1.34 

Yield curvature of cracked section yf  (rad/m)  (C.2) 0.0116 
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Effective flexural rigidity of cracked section, 

effEI  (MNm2) (C.3) 289 144 116 

Effective stiffness of cracked section, 
310effk -³  (kN/m)  (C.4) 18,56 9,28 7,45 

Velocity of wall following the impact 2v  (m/s)  (C.7) 43,3 

Coefficient of restitution COR (ɀ) (C.8) 0,714 

Deflection demand of the wall D (mm) (C.9) 19.2 27.2 30.3 

Deflection of wall at yield limit yD  (mm) (C.10) 34.0 

 

The required reinforcement area sA  is 100.8 cm2. This is the area of 8 reinforcement 

mm bars provided within the effective wall length of effb 40 ה  = 2 m at the spacing of 

250 mm. The deflection demand of the cantilever wall with such reinforcement is 
equal to 30.3 mm and this value is close to the deflection of wall at yield limit equal to 
34.0 mm. 

5. Conclusion 

An approach to the design of RC barriers intended to protect against impact of 
fragments generated by pressure vessel explosions have been proposed. The 
approach is based on utilisation of methods of structural dynamics used to analyse 
and design rockfall barriers subjected to impact of boulders. The proposed RC 
barriers can be designed and build as sacrificial structures, because explosions of 
pressure vessels are rare events. 

The design of a sacrificial barrier should consist in a provision of the required area of 
tensile reinforcement at which the deflection demand of the barrier wall will be as 
close as possible to the deflection at yield limit. The barrier must be built in 
immediately ahead of the end (spherical part) of the vessel. This will maximise the 
probability that the fragment ejected towards the barrier will be stopped by this 
structure. The key information for the design of a sacrificial RC barrier must a 
prediction of characteristics of fragment impact in terms of impacting mass and 
velocity. Once the mass and velocity of fragment are assessed, the design of the barrier 
can be analysed and design as a cantilever wall subjected to a point impact. 

Findings of this study can be applied to increasing safety of those areas of industrial 
facilities and urban environment where above-ground pressure vessels are used. A 
special attention should be paid to protection of those locations in which fires can 
occur and impinge pressure vessels. 
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Annex A. Determining the Ef fective Wall Length for the Distribution of Tensile 
Reinforcement  

In case of a fragment impact on the cantilever wall, the distribution of the tensile 
stress and strain in the section at the bottom of the wall will not be uniform. The strain 
es  will vary along the wall length and reach the highest value e,s max  at the axis of an 

idealised point impact. Young et al. (2020b) suggest to approximate the actual pattern 
of a strain distribution by a linear triangular distribution over the section equal to 
twice the height of the wall h  (Figure A.1a). To simplify the distribution of the 
required area of tensile reinforcement, sA , along the wall, the triangular strain 

diagram can be replaced by a uniform distribution over the effective length of the wall, 

effb . The length effb  results from equating the area e³ ,eff s maxb  to the shaded area below 

the triangular diagram of es . In the case of a relatively long wall with ²2b h , the 

shaded area is equal to e³ ,s maxh  and so effb  = h . 

In the opposite case of a wall with <2b h , the overall length b  will be insufficient to 
incorporate the entire triangular strain diagram covering two wall heights h . In such 
a case, one can hypothetically assume that the area below the strain diagram will have 
the shape of an irregular pentagon as illustrated in Figure A.1b. The effective length 

effb  can be obtained by equating the area e³ ,eff s maxb  to the shaded area of the 

pentagon. This area depends on the angle of declination of the strain diagram, a. With 

this angle, the effective length effb  can be calculated as a-(1 0.5tg )b . The range of 

geometrically possible values of a is (0 °, 45 °). This range yields the range of possible 

values of effb , namely, Í[0.5 , ]effb b b . As the value of a will not be known in advance, 

one can conservatively assume that a = 45 ° and =0.5effb b . 
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Figure A.1. Distributions of the tensile strain along the base of the wall: (a) the case of 
a long wall (b  > 2 h ), (b) the case of a short wall (b  < h ) 

The required area of tensile reinforcement, sA , should be distributed within the 

length effb . The required reinforcement ratio of this reinforcement, rs , is given by 

/( )s effA b d . However, it would pay to extend the tensile reinforcement with the ratio 

rs  outside the effective length effb  and over the entire wall length b . The reason for 

this extension is the fact that the impactor can strike outside the wall centreline 
(Figure A.2a). This can create the demand for tensile reinforcement outside the wall 

section represented by the length effb . Another example of a cantilever wall that can 

ÂÅ ÌÏÁÄÅÄ ȰÅÃÃÅÎÔÒÉÃÁÌÌÙȱ ÃÏÍÅÓ ÁÂÏÕÔ ×ÈÅÎ ÔÈÅ ÂÁÒÒÉÅÒ ÉÓ ÉÎÔÅÎÄÅÄ to protect against 
fragments of two or more pressure vessels (Figure A.2b). A precise distribution of 
stress and strain induced by an impact of one of the vessels in the section at the 
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bottom of the wall is not known precisely. Therefore the required reinforcement ratio 
rs  can be determined for the case of impact of one vessel and applied to the entire 

length of wall. 

 

Figure A.2. Two cases of a potential impact outside the wall centreline: (a) deviation 
of the impact point in case of a single vessel, (b) natural deviation of potential impact 
points from the wall centreline in case of protection against fragmentation of two 
pressure vessels 

Annex B. Estimating the Velocity of Impactor on Rebound in Opposite Direction  

The displacement-based model applied in this study is based on principles of equal 
energy and momentum (Lam et al., 2018a). Equating momentum of the impactor 
(vessel fragment) with the lumped mass 

frgm  and the target (barrier) with the lumped 

mass 
targetm  expressed by l frgm  before and after the contact yields the model 

 l= - = -0 2 1 2 1frg target frg frg frgm v m v m v m v m v  (B.1) 

where 0v  is the velocity of impactor, 1v  is the velocity of impactor on rebound in the 

opposite direction, 2v  is the velocity of the targeted object upon impact, l is the ratio 

of target mass to impactor mass (i.e., /target frgm m ). A rearrangement of Eq. (B.1) yields 

an expression for calculating the velocity of impactor on rebound, namely 

 
l

+
= 0 2

1

v v
v  (B.2) 

Impact energy is carried away by the rebounding impactor and dissipated by the 
crushing of materials. Other part of the energy is transferred to the target and may 
lead to its failure. The ratio of impact energy to energy absorbed by the barrier is 
governed by the mass of the barrier,l frgm . For a cantilever wall, the target mass 
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targetm  is a quarter of the total cantilever wall mass wallm  equal to the product rRChbd  

(Figure A.1) (Ali et al., 2014; Su et al., 2017). 

The general rule is that the impactor should not be expected to rebound when it is 
heavier than the target, that is, l<1  (Fujikake et al., 2009). The fragment will not 
rebound from the barrier, fall or slip down immediately after the impact and rest on 
the surface of the cantilever wall. This end state of impact process is illustrated in 
Figure 5. In the case l²1 , it is probable that the impactor will rebound from the wall. 
The case l²1  has been reported in tests on a cantilever wall with wallm  = 2484 kg 

and to impactors with the masses frgm  of 280 kg and 435 kg (Yong et al., 2020b). The 

torpedo shape of impactors was similar to the shape of an oblong end-cap of exploded 
pressure vessel. The total of 12 impact tests has been carried out and no-rebounce 
was observed only in the first test. The experiment yielded 11 pairs of impactor 
velocities before and after impact, 0 1( , )t tv v  ( t  Ѐ ρȟ ςȟ ȣ ȟ ρρɊȟ ÌÉÓÔÅÄ ÉÎ 4ÁÂÌÅ B. The 

pairs 0 1( , )t tv v  are also illustrated by a scatter diagram shown in Figure B. 

Table B. Impact velocities and velocities on rebound, 0v  and 1v , measured in 11 

experiments and illustrated by a scatter diagram given in Figure B.1 (Yong et al., 
2020 b) 

Test 
no. 

Velocity of impactor, 0v  

(m/s)  

Velocity of impactor on 
rebound 1v  (m/s)  

1 3.08 ɀ 0.26 

2 4.17 ɀ 0.57 

3 5.18 ɀ 0.92 

4 1.55 ɀ 0.17 

5 2.48 ɀ 0.34 

6 3.66 ɀ 0.69 

7 1.91 ɀ 0.10 

8 1.93 ɀ 0.17 

9 3.08 ɀ 0.34 

10 4.26 ɀ 0.34 

11 5.10 ɀ 0.60 
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Figure B. Scatter diagram of 11 pairs of impactor velocities prior to and following impact, 

0 1( , )t tv v  ( t  Ґ мΣ нΣ Χ Σ ммύΣ ŀƴŘ ƭƛƴŜŀǊ Ŝǉǳŀǘƛƻƴ ŦƛǘǘŜŘ ǘƻ ǘƘŜ Ǉƻƛƴǘǎ 0 1( , )t tv v  

A linear equation represented by the line in Figure B has been fitted to the points 

0 1( , )t tv v . This equation constitutes a simple empirical model for estimating of the 

velocity of impactor on rebound, 1v , namely, 

 1 00.1537 0.1701v v= -  (B.3) 

This model is valid for a very narrow range of impactor velocity values, namely, 1.55 m/s 

to 5.18 m/s. Prediction of the values of 1v  for values of 0v  exceeding 5.18 m/s will be 

speculative. However, the test data presented by Yong et al. (2020b) seems to be the 

only source of information related to response of cantilever RC wall to impact of such 

objects as rockfall boulders and fragments of pressure vessels. 

Annex C. Procedure for Calculating the Required Area of Tensile Reinforcement 

The procedure for determining the required area of tensile reinforcement, sA , is 

presented herein. The height of wall, h , length at the base b  and thickness d  are the 

initial input information (Figure A.1). With h , b , d  and the RC density rRC , mass of wall, 

wallm , and lumped mass of target, targetm , must be calculated. For a cantilever wall, 

targetm  = 0.25 wallm  (Annex B). Further input information is the class of steel with the 

yield strength yf  and the yield strain ye  as well as the effective depth of the wall cross-
































































































































































































































































































































































































































































































































































































































