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Summary 

This dissertation presents the development of the Hazard Integration System (System). The 

System was developed with a goal to reduce the number of injuries and fatalities and to improve 

the Health and Safety (H&S) process in the construction industry. It does so by leveraging the 

potential of innovative technologies, namely Building Information Modelling (BIM), to enable 

automated hazard identification through combining the data rich BIM models with a specially 

developed Construction Hazards Database. The basic premise of the System is that all elements 

of the BIM model, which represent real elements of the constructed building, are constructed 

from a known and finite number of individual construction activities. Those construction 

activities are performed by construction workers and generate construction hazards while they 

are performed. The hazards, in turn, potentially effect the workers performing the construction 

activities.  

Through the literature review it was discovered that a majority of research is focused on the 

construction phase of the project and on one project type, specially buildings. Furthermore, an 

overwhelming proportion is focused on the industry and project level with a relatively small 

focus on activity and task levels. Finally, of those research focusing on the activity level, most 

are focused on identifying specific hazards, such as fall hazards, congestion or collision hazards. 

This research contributes to the field of construction Health and Safety by developing a 

conceptually universal hazard identification methodology. The developed concept can be 

applied to identify hazards generated by performing construction activities on any building 

element modellable in BIM. 

 

Keywords: Construction Health and Safety; Hazard integration system; BIM; Automated 

hazard identification; Construction hazards database. 
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Sažetak 

1. Uvod u istraživanje 

Ova disertacija prikazuje razvoj Sustava za automatsku identifikaciju opasnosti (Hazard 

Integration System – Sustav). Sustav je razvijen s ciljem smanjenja broja ozljeda i smrtnih 

slučajeva i poboljšanja sustava zaštite na radu (ZNR) u građevinarstvu. To čini tako što 

iskorištava potencijale inovativnih tehnologija, posebice Informacijskog modeliranja gradnje 

(Building Information Modelling – BIM), kako bi omogućio automatiziranu identifikaciju 

opasnosti povezujući podacima bogate BIM modele s posebno razvijenom Bazom podataka o 

opasnostima. Osnovna pretpostavka Sustava je da se svi elementi BIM modela, koji 

predstavljaju stvarne elemente izgrađene građevine, grade od poznatog i konačnog broja 

pojedinih građevinskih aktivnosti. Te aktivnosti izvode građevinski radnici i pri svom 

izvođenju generiraju opasnosti po život i zdravlje radnika koji izvode te aktivnosti i drugih 

osoba koje se nalaze u istom vremenu i prostoru. 

Kroz pregled literature otkriveno je da se većina istraživanja fokusira na fazu građenja i na 

jedan tip građevine, točnije na zgrade. Nadalje, izrazito velik postotak istraživanja odnosi se na 

istraživanja u području ZNR na razini građevinarstva kao industrije i individualnih projekata, a 

mali broj se fokusira na opasnosti na razini individualnih aktivnosti. Naposljetku, od 

istraživanja na razini individualnih aktivnosti većina je usmjerena na identifikaciju točno 

određenih opasnosti, kao primjerice opasnosti od pada, sudara ili opasnosti zbog prenapučenosti 

radnog prostora. Ovo istraživanje stoga doprinosi području zaštite na radu u građevinarstvu 

razvijanjem konceptualno univerzalne metodologije identifikacije opasnosti. Razvijen koncept 

može se primijeniti za identifikaciju opasnosti za život i zdravlje radnika koje su nastale kao 

posljedica izvođenja građevinskih aktivnosti na bilo kojem elementu građevine kojeg se može 

modelirati u BIM-u. 

 

2. Sustav za automatsku identifikaciju opasnosti 

2.1. Tipovi opasnosti 

Hazard Integration System (Sustav za integraciju opasnosti, Sustav) razvijen u ovom 

istraživanju s ciljem da može omogućiti jednostavan i automatiziran način za identifikaciju 

potencijalnih opasnosti na gradilištu za vrijeme građenja. U istraživanju su definirana 3 tipa 

opasnosti koja se koriste. To su samouzrokovane (self-induced) opasnosti, opasnosti 

uzrokovane od drugih (peer-induced hazards) i globalne opasnosti. Razlika među njima je u 
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tome tko je izvor (tko uzrokuje) opasnost. Radnik može sam sebe ugrožavati, može biti ugrožen 

od drugih radnika u njegovoj blizini ili opasnost može biti toliko rasprostranjena da potencijalno 

ugrožava sve na gradilištu. 

Samouzrokovane opasnosti su najjednostavniji tip opasnosti definiran u istraživanju. Ovaj tip 

opasnosti uzrokovan je od aktivnosti koju izvode sami radnici koji su izloženi toj opasnosti. 

Ovakav tip izloženosti zove se samoizloženost i rezultira sa self-induced opasnostima. Self-

induced opasnosti su i najjednostavnije za identificirati budući da uključuju samo aktivnost koja 

se provodi i radnike koji provode tu aktivnost. Najjednostavnije su i za identificirati u kontekstu 

ovog istraživanja i njegovih zahtjeva. Da bi Sustav mogao identificirati ove opasnosti potreban 

je jedino pravilno modeliran BIM model s točno pridodanim aktivnostima i opasnostima. 

Opasnosti uzrokovane od drugih su drugi tip opasnosti definiranih u ovom istraživanju. Razlika 

od prethodnih je u izvoru opasnosti. Opasnosti su u ovom slučaju uzrokovane od radnika koji 

izvode drugu aktivnost na drugom ili istom tom elementu. Ti drugi radnici možda ugrožavaju 

sami sebe, ali ugrožavaju i sve druge radnike prisutne u zoni utjecaja opasnosti. Primjer takve 

opasnosti je kada grupa tesara postavlja oplatu za armiranobetonski zid. Potencijalna opasnost 

za ovu aktivnost je da se oplata prevrne i sruši ako nije dobro pričvršćena. Tesari su izloženi toj 

opasnosti, ali su isto tako i drugi radnici koji postavljaju armaturu za susjedni zid. 

Automatska identifikacija opasnosti za opasnosti uzrokovane od drugih je kompliciranija nego 

za samouzrokovane opasnosti. Osnovni preduvjet, uz one koji vrijede za samouzrokovane, je i 

postojanje točnog i ažuriranog vremenskog plana koji se može povezati s elementima BIM 

modela. Sustav prvo dodjeljuje sve potencijalne opasnosti svim elementima BIM modela, pa 

nakon što je utvrđeno postojanje vremenskog plana, za svaku grupu radnika provjerava da li 

postoji preklapanje u vremenu i prostoru s prethodno identificiranim opasnostima. Ako postoji 

preklapanje, opasnosti se dodaju na popis opasnosti kojima je ta grupa radnika izložena. 

Globalne opasnosti su poseban tip peer-induced opasnosti čije je područje utjecaja toliko veliko 

da se cijelo gradilište gleda kao zona utjecaja opasnosti. Ove opasnosti utječu na sve radnike i 

na drugo osoblje koje je prisutno na gradilištu za vrijeme trajanja opasnosti. 

2.2. Postupak identifikacije opasnosti 

Tradicionalna identifikacija opasnosti pati od brojnih nedostataka kao što je veliko vrijeme 

potrebno za provedbu, velika vjerojatnost pojave pogrešaka, ovisnost o znanju i vještinama 

osobe koje provodi identifikaciju, ograničenost dostupnih informacija i to što ju je moguće 

provesti samo neposredno prije početka građenja. Automatska identifikacija opasnosti 
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odgovara na ove nedostatke tako što je brža i konzistentnija, budući da se sve informacije 

prikupe unaprijed i onda se koriste u svim daljnjim procesima. Nadalje, automatizacija 

omogućuje brzu i jeftinu ponovnu provjeru ako dođe do izmjene relevantnih okolnosti. 

No, automatska identifikacija opasnosti ne rješava sve probleme tradicionalne identifikacije 

opasnosti i ima neke svoje probleme. Kao prvo, znanje stručnjaka je potrebno prikupiti i 

strukturirati. Za ovo istraživanje je zato razvijena Baza podataka o opasnostima (Baza) koja je 

strukturirana na takav način da omogućuje unošenje podataka o opasnostima i posljedično 

automatsku identifikaciju opasnosti kad se koristi skupa sa Sustavom. Znanje i vještine 

stručnjaka za zaštitu na radu može se integrirati u Bazu podataka tako da se uključi mišljenje 

velikog broja stručnjaka u obliku informacija o opasnostima i o njihovoj očekivanoj štetnosti i 

vjerojatnosti. 

Predloženi Sustav ima daljnje prednosti nad trenutnim alatima za identifikaciju opasnosti. 

Prvenstveno stoga što ne zahtjeva dodatan trud od projektanta, izvođača, koordinatora ZNR ili 

inspektora ZNR. BIM model kojeg Sustav koristi je već napravljen u fazi projektiranja. 

Korisnik Sustava treba pokrenuti Sustav i učitati BIM model u njega. Jednostavnost korištenja 

se može usporediti sa spellcheckerom. Ako korisnik ima tekst kojeg je već napisao, on mora 

samo pokrenuti postupak provjere i verificirati rezultate. U nekim slučajevima, korisnik će 

morati definirati način gradnje ili neki drugi detalj kako bi Sustav mogao generirati što točniji 

output. Rezultate bi kao i u slučaju svih računalnih outputa prije korištenja trebao provjeriti 

stručnjak kako bi bili sigurni negdje u procesu nije došlo do pogreške.  

2.3. Procesi i postupak rada Sustava 

Proces rada Sustava počinje učitavanjem BIM modela u Sustav. 2. korak je provjera da li su 

elementi korektno modelirani i da li imaju sva svojstva koja su potrebna za funkcioniranje 

Sustava. Ako je sve u redu, proces se nastavlja, a ako ne pokreće se petlja za popravak modela 

ili ignoriranje pogrešaka. U 3. koraku BIM model se povezuje s Bazom i svakom od elemenata 

se dodjeljuju aktivnosti koje su potrebne da se taj element izgradi. U 4. koraku se povezuju sve 

moguće opasnosti koje aktivnosti na izvođenju elemenata mogu prouzročiti za radnike. U ovom 

koraku nisu još dodijeljene opasnosti svakoj radnoj grupi nego se samo po tipovima opasnosti 

sve potencijalne opasnosti povezuju s elementima BIM modela. U 5. koraku generira se lista 

svih potencijalnih opasnosti koja je parcijalni rezultat Sustava, kao informativna lista o svim 

teoretski mogućim opasnostima koja može služiti i kao input za daljnju ručnu identifikaciju 

opasnosti. 
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6. korak provjerava postoji li vremenski plan i tok procesa se dijeli na dva dijela. Ako ne postoji 

vremenski plan ili nije iz bilo kojeg razloga iskoristiv, Sustav može identificirati samo self-

induced opasnosti. Ako vremenski plan postoji i može ga se koristiti onda Sustav pokreće 

identifikaciju svih vrsta opasnosti. 7. korak pokreće iterativnu petlju u kojoj se za svaku radnu 

grupu provjerava kojim su opasnostima radnici izloženi. 8. korak je identičan u oba dijela. U 

njemu Sustav radnicima dodjeljuje self-induced opasnosti. 9. korak dodjeljuje peer-induced 

opasnosti za koje Sustav za svaku grupu radnika kroz vremenski plan provjerava koje se 

aktivnosti odvijaju u isto vrijeme kao i aktivnost na kojoj rade promatrani radnici. Za te sve 

aktivnosti provjerava da li uzrokuju peer-induced opasnosti i ako da, provjeravaju koji je radijus 

te opasnosti te da li se promatrani radnici nalaze u području djelovanja opasnosti. Ako postoji 

i vremensko i prostorno preklapanje s takvom opasnosti, ona im se pridodaje kao peer-induced 

opasnost kojoj su izloženi. 9. korak dodaje global hazards. Budući da se za njih smatra da im je 

radijus djelovanja cijelo gradilište, za njih se provjerava samo vremenska izloženost. Ako 

promatrana grupa radnika izvodi svoje aktivnosti za vrijeme utjecaja globalne opasnosti onda 

im se pridodaje na listu opasnosti kojima su izloženi. Korak 11 je sinteza koraka 8, 9 i 10 u 

kojem se svi tipovi opasnosti spajaju u jedan zajednički oblik. Drugi dio 7. koraka je kraj 

iterativne petlje. Ako postoji grupa radnika za koju još nisu identificirane opasnosti postupak 

se ponavlja, a ako su sve grupe radnika provjerene onda Sustav prelazi na zadnji korak u kojem 

se svakoj od opasnosti kvantificira rizik i u kojem se generira konačan output Sustava: lista 

opasnosti koje prijete svakoj od grupa radnika na gradilištu. 

2.4. Rezultat Sustava 

Konačan output Sustava je popis opasnosti kojima su radnici izloženi dok obavljaju svoje 

aktivnosti na gradilištu. Lista opasnosti će biti prezentirana u digitalnom formatu s mogućnosti 

traženja, filtriranja, prilagodbom polja rezultata i sa svim važnim informacijama koje su 

korisniku potrebne. 

Za rezultate je planirano da se mogu prikazivati po BIM elementu, po opasnostima i po grupama 

radnika. Kada se odabere element, korisnik može vidjeti sve relevantne informacije kroz sve 

faze rada Sustava, kao primjerice koje aktivnosti su potrebne da se element izgradi, koji i koliko 

radnika je potrebno, koje opasnosti uzrokuje za radnike koji izvode aktivnost, koje opasnosti 

predstavlja drugim radnicima i/ili svim radnicima na gradilištu, kojim opasnostima su radnici 

koji izvode aktivnosti na elementu izloženi i koja aktivnost (i element BIM modela) je izvor toj 

opasnosti. Odabirom opasnosti rezultati bi prikazali koji element i aktivnost uzrokuje opasnost, 

koji su sve radnici izloženi toj opasnosti i koji im je izvor opasnosti. Naposljetku, prikazom 
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rezultata po grupama radnika rezultati bi prikazali koje aktivnosti radna grupa izvodi, koje 

aktivnosti oni uzrokuju te kojim opasnostima su izloženi i iz kojih izvora. 

2.5. Ograničenja 

Predložen Sustav razvija široko primjenjivu metodologiju primjenjivu na sve građevinske 

projekte koji se sastoje od bilo kojih aktivnosti dok god se elementi tog projekta mogu 

modelirati u BIM-u. No za ovaj stadij istraživanja nije potrebno generirati toliko detaljnu Bazu 

podataka da bi sadržavala sve opasnosti koje se mogu pojaviti na gradilištu, pa tako Baza 

podataka u trenutnoj fazi sadrži samo podatke koji su vezani uz gradnju konstruktivnih 

elemenata građevine. U istraživanju se nadalje ne tvrdi da su se identificirale apsolutno sve 

potencijalne sve opasnosti, ali daje način kako bi se mogle identificirati u budućnosti. 

Tehnička ograničenja Sustava uključuju probleme s vremenskim planom, čak i u slučajevima 

kad plan postoji i kada ga se može koristiti. Plan može biti nedovoljno detaljan na način da 

uključuje više od jednog elementa u aktivnosti, primjerice betoniranje svih AB stupova neke 

etaže. Aktivnost može trajati i nekoliko dana i uključivati veći broj pojedinih elemenata. 

Posljedica toga su prostorne i vremenske netočnosti koje rezultiraju potencijalno netočnom 

identifikacijom opasnosti kada se uzima u obzir interakcija radnih grupa. Drugo potencijalno 

ograničenje je da plan nije ažuriran pa se ne može dobiti točan podatak o vremenskoj izloženosti 

radnika opasnostima. 

Druga grupa ograničenja su bihevioristička. Ona nisu vezana uz tehnologiju nego uz ljudsko 

ponašanje jer niti BIM niti jedna druga napredna tehnologija neće lako i sama po sebi 

promijeniti ponašanje radnika. Nepridržavanje pravila sigurnog rada će se vjerojatno i dalje 

pojavljivati čak i uz najnaprednije metode identifikacije opasnosti. 

 

3. Baza podataka o opasnostima 

Baza podataka o opasnostima je sastavan i neizostavan dio Sustava za identifikaciju opasnosti 

bez kojeg on ne bi mogao funkcionirati na način na koji je zamišljen. Baza se sastoji od dva 

dijela: Baze podataka o opasnostima i Baze podataka o aktivnostima. Oba dijela su važna jer 

bez poznavanja koje sve potencijalne opasnosti postoje ne bi ih se moglo identificirati, a bez 

aktivnosti ne bismo mogli povezati opasnosti s elementima građevine. 

Za razliku od nefunkcioniranja Sustava bez Baze, Baza se može koristiti i bez Sustava. 

Stručnjaci i koordinatori ZNR bi i dalje mogli koristiti Bazu za identifikaciju opasnosti koje 
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prijete građevinskim radnicima. Međuzavisnost pojedinih aktivnosti i vremenska i prostorna 

preklapanja bi mogla predstavljati problem pri identifikaciji peer-induced opasnosti, ali bi ih se 

ipak (iako otežano) moglo identificirati. Za globalne bi ručni postupak identifikacije bio lakši 

nego za peer-induced jer nema komponente prostorne izloženosti, a za self-induced ne bi trebalo 

biti dodatnih poteškoća jer one utječu na same radnike koji izvode tu aktivnost i za njih nisu 

potrebne dodatne informacije o vremenskoj i prostornoj izloženosti. Zbog mogućnosti 

korištenja Baze bez Sustava, mora biti omogućeno da se može samostalno koristiti kao bilo 

koja druga baza podataka s mogućnostima pretraživanja, filtriranja i pregledavanja podataka 

sadržanih u njoj. 

3.1. Prikupljanje podataka o aktivnostima 

Prvi korak u prikupljanju podataka o aktivnostima bio je identificirati sve strukturalne elemente 

BIM modela i identificirati sve potencijalne materijale od kojih bi ti elementi mogli biti 

izgrađeni. Primjerice stupovi mogu biti izgrađeni od betona, armiranog betona, opeke, drva, 

čelika i prefabriciranog betona. Ukupno je identificirano 30 takvih kombinacija. U idućem 

koraku identificirane su aktivnosti koje su potrebne za gradnju svake kombinacije elementa i 

materijala. Primjerice za AB grede aktivnosti uključuju: postavljanje oplate, postavljanje 

armature, lijevanje betona i skidanje oplate. Za mnoge kombinacije element/materijal aktivnosti 

su slične bez obzira o elementu koji se izvodi, a samim time su slične i opasnosti. Primjerice 

lijevanje betona je slično neovisno o tome koji element se betonira, a ni armirački radovi nisu 

različiti za gredu i za ploču. Ukupno je identificirano 61 aktivnost potrebna za gradnju ukupno 

30 jedinstvenih BIM elemenata modela. Te aktivnosti su dalje podijeljene na podaktivnosti. 

3.2. Prikupljanje podataka o opasnostima 

Za prikupljanje podataka o opasnostima koje su upisivane u Bazu podataka korišteni su planovi 

izvođenja radova, procjene rizika za mjesta rada i stručna i znanstvena literatura. Ukupno je 

korišteno 27 planova izvođenja radova i 4 procjene rizika za mjesta rada. Planovi izvođenja 

radova su se odnosili na stambeno-poslovne objekte, trgovačke centre, hotele, škole, bolnicu, 

cestu, nadvožnjak, rekonstrukciju TV tornja, hidroelektrane, sanaciju odrona, … 

Opasnosti su se identificirale na način da su se paralelno s čitanjem tih dokumenata 

zabilježavale potencijalne opasnosti koje su se kasnije skupa sa svim potrebnim podacima 

unosile u pripremljenu tablicu u excelu. Ukupno je u prvom krugu istraživanja identificirana 

151 opasnost. No bilo je jasno da su neke opasnosti jako slične, da bi se neke mogle razdvojiti 

na više različitih opasnosti ili se neke spojiti u istu opasnost. Konačna lista se sastoji od 115 

opasnosti. 
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3.3. Prikaz baze podataka o opasnostima 

Najjednostavniji način prikaza kako bi podaci u Bazi opasnosti trebali izgledati je putem excel 

tablica, koje će oponašati izgled konačne Baze podataka. Budući da izrada same Baze podataka 

nije sastavni dio ovog istraživanja opasnosti, aktivnosti i svi njihovi podaci su ručno upisivani 

u excel datoteke.  

Listovi opasnosti u bazi podataka sastoje se od 5 poglavlja, odnosno grupa pitanja na koja je 

potrebno odgovoriti kako bi se u bazu unijeli svi potrebni podaci. Prva grupa pitanja odnosi se 

na osnove informacije o opasnosti: redni broj opasnosti u Bazi, naziv opasnosti, dodatne 

informacije (ako su potrebne) i pitanje da li opasnost potencijalno uzrokuje ozljedu ili 

profesionalnu bolest. Druga grupa pitanja se odnosi na tipove opasnosti. Potrebno je definirati 

koji je izvor ili koji su izvori te opasnosti te da li je opasnost self-induced, peer-induced ili 

global. Jedna opasnost može istovremeno biti više tipova, ovisno o tome na koju grupu radnika 

djeluje. 3. grupa pitanja odnosi se na poveznice opasnosti s aktivnostima, BIM elementima ili 

karakteristikama BIM elemenata. Sastoji se od nekoliko pitanja: 

 Da li opasnost ima globalan uzrok; 
 Da li je opća globalna opasnost; 
 Da li je povezana s građevinskom aktivnosti i ako da, s kojom; 
 Da li je povezana s određenim tipom ili materijalom BIM elementa i ako da, kojim; 
 Da li opasnost ovisi o lokaciji BIM elementa; 
 Da li ovisi o prostornim karakteristikama BIM elementa. 

4. grupa pitanja se odnosi na pitanja vezana za izračun razine rizika opasnosti za koju je 

potrebno upisati ocjenu vjerojatnosti pojave opasnosti i ocjenu štetnosti. Za slučaj da je 

potrebno detaljnije razraditi opasnost po kategorijama vjerojatnosti pojave svake od 

potencijalnih štetnosti i te se informacije mogu unijeti u Bazu. 

Posljednja grupa pitanja sadrži pitanja o prostornom utjecaju opasnosti za slučaj da je opasnost 

peer-induced i za slučaj da je globalna. Pitanja se odnose na to da li opasnost djeluje u širinu, 

visinu, dubinu, u odnosu na frontu rada ili u svim smjerovima, te ako postoji koliki je taj radijus 

utjecaja. 
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4. Postupak validacije 

Validacija istraživanja provedena je intervjuiranjem i anketiranjem stručnjaka iz područja 

zaštite na radu u građevinarstvu, točnije osoba koje rade kao koordinatori zaštite na radu ili kao 

stručnjaci zaštite na radu u građevinskim poduzećima. U istraživanju su definirane minimalne 

kompetencije koje je ispitanik mora zadovoljavati kako bi ga se klasificiralo kao stručnjaka. 

Ukupno je u postupku validacije sudjelovalo 10 ispitanika, od kojih je 7 bilo koordinatora ZNR 

i 3 stručnjaka ZNR. 

Postupak validacije sastojao se od dva dijela. Prvo je ispitaniku pojašnjeno istraživanje tijekom 

kojeg su postavljali i pitanja ako im je nešto ostalo nejasno. Taj dio trajao je od 15 do 30 minuta, 

ovisno o tome koliko su bili prethodno upoznati s istraživanjem i koliko su imali pitanja. Drugi 

dio validacije sastojao se od upitnika na kojeg su ispitanici trebali odgovoriti. Upitnik se 

sastojao od 44 pitanja podijeljenih u 10 grupa.  

Pitanja u upitniku su bila dizajnirana tako da se iz odgovora ispitanika može jasno odrediti 

njihovo mišljenje o svakom od aspekata prikazanog istraživanja i tako da se iz odgovora može 

vidjeti da li su hipoteze istraživanja potvrđene ili odbačene. Odgovori ispitanika su potvrdili 

postavljene hipoteze i potvrdili da su ostvareni ciljevi istraživanja. Njihovih odgovori su 

uglavnom identični i pokazuju izrazito pozitivan stav prema prikazanom istraživanju. Prijedlozi 

i kritike uglavnom su se odnosile na one elemente koji su samo trenutačno zbog vanjskih 

ograničenja morali biti izvan opsega ovog rada, kao primjerice proširenje modela da uključuje 

i odgovore na uočene opasnosti i izrada prototipa za testiranje modela. 

 

Ključne riječi: Zaštita na radu u građevinarstvu; Sustav za automatsku identifikaciju opasnosti; 

BIM; Automatizirana identifikacija opasnosti; Baza podataka o opasnostima. 
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1. Introduction 

1.1 Motivation and research context 

The construction industry is one of the most dangerous industries to work in and construction 

workers are much more likely to suffer fatal or disabling injuries than an average across all 

industries. Such a large number of fatalities is first and foremost an ethical problem. However, 

accidents on the construction site, even those with less severe consequences, also have a 

financial impact. They cause inefficiencies, delays, loss of morale, lost work time, and 

compensation and insurance costs, to name a few. Having all this in mind, it is clear that 

construction worker Health and Safety (H&S) is one of the most significant problems faced by 

the construction industry. 

Although the levels of construction safety have been substantially improved over the last few 

decades, improvement has slowed down in recent years, or even unfortunately got worse. One 

promising direction to further decrease the number of accidents is leveraging the advancements 

in technology which might enable new approaches to improve construction H&S and another 

is to include H&S considerations in the earlier phases, specifically the design and 

preconstruction phases. 

Extensive research has already been conducted in both directions. Research into benefits of 

including safety into design stages has produced enough evidence of its effectiveness for the 

policy makers to mandate the inclusion of safety considerations during the design stage. An 

example of such legislation is the EU’s Directive 92/57/EEC on the implementation of 

minimum safety and health requirements at temporary or mobile construction sites.  

Numerous researchers have presented their developed tools for improving construction H&S 

through automated and/or assisted hazard identification, safety training, and design suggestions. 

However, most of this research is unfortunately still in a developmental stage and not applied 

in practice. Another issue with current research is that most of it focuses on specific hazards 

(fall hazards, collision hazards, congestion hazards…) or on specific projects. No research has 

presented a universal methodology applicable to any and all construction projects and all 

construction hazards. 

This research complements both developmental aspects of construction H&S. On the one hand, 

it is designed to be applicable in the design stage to enable hazard identification before the 

construction starts. On the other hand, it leverages the potential of Building Information 

Modelling (BIM) to enable automated hazard identification by combining the data-rich BIM 



8 
 

models with a specially developed database. An additional contribution of the research is that 

it presents a conceptually universal hazard identification methodology. The developed concept 

can be applied to identify hazards generated by performing construction activities on any 

building element modelled in BIM. 

 

1.2 Research objectives, hypotheses and expected scientific contribution 

The proposed contribution to the development of construction H&S can be separated into two 

objectives that this research aims to accomplish.  

Research objectives: 

 Incorporation of Health and Safety in BIM by integrating construction hazard 

information into BIM models. 

 Creation of an early hazard identification and quantification system for implementation 

in the concept and design stages of the project. 

 

The primary hypothesis was formed to enable proving or disproving the research results, and 

to assist in proving or disproving the primary hypothesis, two auxiliary hypotheses were 

formed. 

Primary hypothesis: 

 H1 – Incorporation of Health and Safety in BIM can enable automated hazard 

identification, quantification and implementation. 

Auxiliary hypotheses: 

 H1.1 – Construction Health and Safety hazards can be identified in the early project 

phases by incorporating Health and Safety information into BIM. 

 H1.2 – Construction Health and Safety hazard’s severity and probability can be 

quantified and implemented into BIM models. 
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The expected contribution of the research consists of three elements compatible with the 

research objectives. 

Expected scientific contribution of the research: 

 Creation of a system for quick and efficient construction Health and Safety hazard 

identification. 

 Structuring construction hazard data in a BIM compatible database. 

 Development of a new method of construction Health and Safety hazard classification 

which takes worker interaction and professional illnesses into account. 

 

1.3 Methodology 

The research will be carried out in four stages described below. 

The first stage of the research will consist of a literature review. Literature dealing with 

construction safety, BIM, the use of innovative technology in the field of construction Health 

and Safety (H&S), and related topics will be analysed to determine the current state of safety 

practice in the construction industry and to provide knowledge foundations for future stages. 

Along with journal articles, conference proceedings, project reports and other scientific 

literature, the review will also focus on the regulations governing the field of construction H&S 

and injury statistics. 

In the second stage, data on construction hazards will be gathered and structured. It is necessary 

to first determine what types of hazards for both accidents and professional illnesses can occur 

when performing construction activities. The data will be used by the proposed Hazard 

Integration System to determine all the hazards faced by construction site workers and the levels 

of risk from each of the hazards. 

The third stage will consist of the actual modelling of the Hazard Integration System (System). 

The demands and requirements that the System will have to meet will be proposed and 

discussed. For the System to be incorporated into BIM, a Construction Hazard Database 

(Database) must also be formed. The design of the Database will also be described in this stage. 

The basis for designing both the System and the Database will be the previous research on 

similar topics found in the literature review and best practices in the fields of construction 

Health and Safety. 
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The proposed Hazard Integration System will be validated in the fourth stage by experts in the 

field of construction safety. 

 

1.4 Structure and content of the dissertation 

The dissertation is divided into seven chapters, including this introduction. The literature review 

is divided into two separate chapters, due to the large number of topics that need to be presented. 

Chapter 2, therefore, deals with more general H&S topics and Chapter 3 details previous 

research into the application of innovative technologies in construction H&S. The fourth 

chapter presents the developed Hazard Integration System, and the fifth presents the 

Construction Hazards Database. Validation of the proposed research is detailed in the sixth 

chapter, and finally the seventh chapter presents concluding remarks, contributions of this 

research and the potentials for further research. 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

2. Health and Safety in the Construction Industry 

The construction industry is a leader in some of the most undesirable statistical categories such 

as number of accidents at work and fatal accidents, both in absolute numbers and relative to the 

number of workers employed in the industry. The exact number of accidents and incidence rates 

(number of injuries per 100,000 workers in the industry) vary on a country to country basis, 

with developed countries having smaller numbers than the undeveloped ones, but nevertheless 

the construction industry is always among the most dangerous professions. 

Due to this enormous loss of life, injuries and disabilities that impact not just the immediate 

stakeholders but society as a whole, it is not surprising that Health and Safety in the construction 

sector is of interest not just to practitioners and regulators, but to researchers, as well. 

Construction industry Health and Safety is a propulsive research field with a myriad of scientific 

papers and books published and research conducted to improve the health and lessen the 

probability of construction workers’ injuries and death. 

This chapter will first introduce the safety issues faced by the construction industry, define the 

terms used in the remainder of the dissertation, further elaborate the statistics of accidents in 

the construction industry, present the legislative framework and give the theoretical foundation 

from previous research upon which this research is founded. Owing to the overwhelming 

number of topics that needed to be presented, the literature review section of this dissertation is 

split into two chapters, where the first chapter is concerned with more general H&S topics and 

the second chapter details previous research into the application of innovative technologies in 

construction H&S. 

 

2.1. Introduction to H&S related problems in the construction industry 

Reasons for the poor safety performance of the construction industry might be found in its 

specifics when compared to other industry sectors. Construction sites are dynamic with 

extensive movement of workers, equipment and materials [1], workers are exposed to weather, 

site conditions change through time [2], and a lot of factors possibly influencing workers’ safety 

are unpredictable and uncontrollable. These particularities separate it from the manufacturing 

industry, which is mostly stationary with non-moving workers working indoors in controlled 

environments [3]. Another significant difference is that construction workers are frequently 

exposed to hazards posed by workers from other, unrelated workgroups [4]. Additional hazards 

stem from frequent work team rotations, high proportions of unskilled and temporary workers 
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[2] and from the specific conditions of each construction site that cannot be generalised [5]. 

These particularities are inherent to the nature of the industry and cannot be easily eliminated 

or mitigated, presenting a challenge for safety professionals and requiring a combined effort 

from both the practitioners and researchers to tackle it.  

A potential measure to reduce hazards on the industry level is to promote site safety through 

the sustainability concept. The current focus of sustainability in the construction industry is on 

the principles of resource efficiency and the health of the final occupants [6]. However, 

sustainability is based on three “pillars”: environmental equity, economic equity and social 

equity, where the well-being of construction workers can be considered as a part of social equity 

[7]. The environmental aspect received the most attention when designers became aware that it 

is desirable and ethical to consider the environmental implications of their designs, and it is 

possible that the social aspect will follow a similar path [7]. 

Another industry-wide approach to increase safety, which is complementary to designers’ site 

safety awareness, is implementing safety considerations earlier in the project’s lifecycle, 

specifically, in the design phase. By considering safety early in the project there is potential to 

“design out” certain hazards which construction workers may face on the construction site. This 

concept is in line with Szymberski’s [8] hypothetical time-safety curve (presented in Figure 1), 

which states that safety can be influenced to the greatest extent in the early phases of a project, 

not unlike the higher influence on construction cost in the planning phase when compared to 

the construction phase [9]. Additionally, eliminating hazards before they appear is also aligned 

with the hierarchy of controls first established by Manuele who defines them as [10]: “A 

systematic way of thinking and acting, considering steps in a ranked and sequential order, to 

choose the most effective means of eliminating or reducing hazards and the risks that derive 

from them.” In his hierarchy, Manuele [11] states that designing to eliminate or avoid a hazard 

should be given higher priority than simply controlling the hazard or protecting the workers 

from the hazard. This safety consideration of including safety planning in the design phase is 

known as the Design for Safety concept, which will be described in greater detail later in this 

chapter. 
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Figure 1. Time-safety influence curve [8] 

 

2.2. Previous publications and research gaps 

A literature review survey by Zhou et al. [12] identified that the earliest paper concerning 

construction safety management was published in 1978. Research interest in construction safety 

gradually increased but remained relatively low for the next 20 years, with less than 10 papers 

published per year. In the last 15 years, however, construction safety research has seen a 

tremendous growth in number of publications (pictured in Figure 2) from around 10 

publications in 2002 to over 50 in recent years. This is a staggering growth considering that, on 

average, scientific publication in the Science Citation Index database (the most relevant 

database for this research) increases by only 2.2 % annually, doubling every 31 years [13]. This 

is definitive proof of the relevance of construction safety research.  

 

Figure 2. Annual number of construction safety related publications [12] 
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These safety publications cover a wide array of problems in construction safety. Before 1995, 

research topics mainly focused on accident statistics, accident cost, safety regulation and safety 

measures. The number of topics continually increased and culminated in 29 research topics 

being covered during the 2011–2013 time period [12], demonstrating the complexity of the 

problem and multiple aspects that need to be considered to improve safety performance in the 

construction industry. 

However, despite this abundance of research topics being studied, several research gaps have 

been identified that are relevant to the topic of this dissertation. Firstly, the distribution of 

researched topics by project phase. Most of the research (90%, according to the literature review 

conducted by Zhou [12]) is focused on publications dealing with safety during the construction 

phase, while ignoring significant potential benefits of considering safety in the design phase. 

Additionally, over 80% of the research is focused on the industry and project level, with 

individual construction task level research studied in only 10 out of 439 reviewed papers [12]. 

Finally, an overwhelming amount of research is conducted on building projects, while 

infrastructure projects are almost ignored, as is pictured in Figure 3. This is a significant issue, 

since infrastructure projects are a large section of the entire construction industry and have their 

own unique construction hazards. 

 

Figure 3. Distribution of publications by project type [12] 

The research proposed in this dissertation addresses all the three gaps, albeit some more directly 

than others. First, the research is focused on construction activities and on hazards each activity 

may pose to construction workers. Secondly, the proposed Hazard Integration System is 

applicable both in the construction phase, as well as in the preconstruction and design phases. 

While it is believed that the contractors will have the most benefit from the System in its current 

scope (until further uses of the System’s output are developed), the System can still be useful 

to designers in the current scope to test, for example, which design alternative causes which 

hazards. Moreover, the System could be used to identify hazards in reconstruction and 

demolition phases if those hazards could be attributed to individual BIM (Building Information 
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Modelling) model elements. Finally, the research also addresses other project types besides 

buildings. While the current focus is on hazard identification for the construction of structural 

elements of buildings, hazards specific to other project types were identified in the hazard 

gathering phase and can be identified for any project type as long as it can be modelled in BIM. 

 

2.3. Health and Safety terms 

Different literature sources focused on different fields of study often use different names for 

the same term, or even more confusingly use the same word to describe different terms. With 

that in mind, it was determined that in order to minimise possible misunderstandings, a glossary 

of specialised terms used in the research is needed. This section will therefore list the terms 

related to Health and Safety and the topic of this research.  

Some terms presented in the section are similar in nature and could to some extent be 

interchangeable. However, if not specifically noted otherwise, the meaning used throughout the 

research is the one described in this section. The definitions of the terms are listed 

alphabetically. 

2.3.1. Accident 

According to the Croatian Health and Safety Act [14], an accident is an unexpected and 

unwanted event which did not result in a workplace injury but could result in an injury under 

slightly different circumstances or even if it occurs again. This definition portrays an accident 

as similar to a near miss, while other definitions describe near misses as an accident that does 

not result in injury or damage [15]. This example further illustrates the need for this glossary. 

In this research an accident is a chance event with negative outcomes to the Health and Safety 

of construction workers. This definition is similar to that in the research of Sacks and Rosenfeld 

[16], who describe an accident as an unintentional event that causes bodily or property damage.  

2.3.2. Exposure 

Exposure, according to Sacks and Rosenfeld [16], is defined as the presence of a potential 

victim (or victims) in a zone that may be affected in an accident scenario. This research accepts 

their definition, but does however differentiate several types of exposure: 

 Temporal exposure – workers are present at the same time as the hazard; 

 Spatial exposure – workers are present in the area of the hazard’s influence; 
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 Self-exposure – workers expose themselves to hazards (which results in self-induced 

hazards); 

 Peer-exposure – workers are exposed to hazards produced by other workers (which 

results in peer-induced hazards). 

2.3.3. Hazard 

Project management centred literature describes hazard as a potential risk [17]. Hazard presents 

a potential danger to the project, which, unlike risks, cannot be anticipated and quantified. 

In addition to a different perception of the word hazard itself, it is also often confused with risk 

[18]. The HSE definition of risk, for example, is “the likelihood that harm from a particular 

hazard will occur and the possible extent of the harm”, where a hazard is something with the 

potential to cause harm [19]. 

This research describes hazards as potential outcomes of events which may cause ill effects to 

the safety and wellbeing of construction workers. Such definition is in agreement with other 

definitions of hazards from the construction-safety related literature listed in Table 1 below: 

Table 1. Hazard definitions 

Definition Reference 

A work method, a piece of equipment, or a physical environment that bears the potential 

of triggering an accident. 

[16] 

Hazards are conditions at work and related to work, which may endanger the safety and 

health of workers. 

[14] 

Hazard: A hazard is the potential for harm. A hazard is often associated with a condition 

or job step that, if left uncontrolled, can result in an injury or illness.  

[3] 

A hazard is an inherent characteristic or capability that holds the potential to cause harm 

to a person or process. 

[4] 

A source of potential harm or a situation with potential for harm in terms of human 

injury, damage to property, damage to the environment or a combination thereof. 

[20] 

 

2.3.4. Harms 

Harms are chemical, biological, physical or other influences on the workers which may cause 

injuries and development of professional illnesses of construction workers or other people 

exposed to them. If the consequence is immediate to exposure, then the exposure results in 

injury. Longer exposure to harms, on the other hand, results in professional illnesses. 
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2.3.5. Health and Safety 

Health and Safety is a set of rules, principles, guidelines, measures and activities, whose 

application accomplishes and improves the Health and Safety of workers. Its goal is to prevent, 

or at least reduce, hazards at work, injuries, professional illnesses and other material and 

immaterial losses at work and related to work [14]. 

2.3.6. Loss-of-control event 

A loss-of-control event is an event which sets in motion the possibility of an accident. It can 

lead to a near miss or an accident, depending on if it results in an injury or not.  

2.3.7. Injury/Workplace injury 

Injury is a consequence of a hazard taking place. As opposed to professional illnesses which 

occur from prolonged exposure to harm, injuries are immediate results of a single accident. A 

workplace injury is an injury incurred by the worker while performing his work tasks for the 

employer. 

2.3.8. Near-miss 

A near miss, according to literature, is an accident that does not result in injury or damage [15], 

in which injury and damage were avoided only through chance. Since accidents are defined 

differently in this research, the definition for near misses also needs to be modified. The 

difference being that it is not an accident without a consequence, but rather an event which had 

the potential to cause harm but by chance did not. 

2.3.9. Prevention 

Prevention is a planned measure to reduce Health and Safety risks and to eliminate or reduce 

construction hazards. 

2.3.10. Probability 

Probability is the likelihood that the hazard will occur. Since probability is a random variable, 

all statistical information can be calculated. To do so, however, we need to have an extensive 

database containing information on similar past cases [17]. Unfortunately, such databases rarely 

exist, especially for construction hazards, so the probability of a hazard’s occurrence is 

quantified subjectively based on the safety expert’s knowledge and personal experience. 

Probability outcomes are therefore often for the sake of simplicity divided into scales. They can 

have a varying degree of distribution, but are most commonly divided into categories such as 
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not likely to appear, likely to appear… Croatian legislation governing construction Health and 

Safety, specifically the Ordinance on Risk Assessments [21], prescribes three categories of 

probability: unlikely, likely and very likely. 

2.3.11. Professional illness 

Professional illness is a consequence of adverse impacts on a worker’s health gained through 

sustained exposure to harms or hazards on the workplace. Professional illness does not occur 

from one incident, but rather from prolonged exposure to harmful events or substances.  

2.3.12. Risk 

When describing hazards, a small introduction comparing hazards and risks, and confusion 

between the two terms was mentioned. A similar introduction to the definition of risk is 

therefore unnecessary. 

A common element to almost all definitions of risk is that it comprises two independent 

components: probability and severity [17]. Both of these components can (and need to) be 

quantified so that risks can be analysed, compared and ranked. For the purpose of this research, 

a hazard’s risk levels also need to be determined so that the safety expert knows how to respond 

to each of the hazards. 

This research, therefore, defines risk as a quantified value of the probability of a hazard’s 

occurrence and the severity outcome of the hazard. The definition is in line with the definitions 

from construction safety related literature presented in Table 2 below. 

Table 2. Risk definitions 

Definition Reference 

Risk is a product of a hazardous or harmful event’s probability of occurrence and the 

severity of said event, i.e., the consequence of the event. 

[14] 

Risk is the likelihood that harm from a particular hazard will occur and the possible extent 

of the harm. 

[19] 

Risk – is the chance or probability that a person will be harmed or experience an adverse 

health effect if exposed to a hazard (a source of potential damage or harm). 

[22] 

Risk is a combination of the likelihood of occurrence of a hazardous event and the severity 

of the injury or ill health that can be caused by the event. 

[23] 
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2.3.13. Risk management 

As opposed to some other previously described terms, there is little controversy regarding the 

definition of risk management. Most literature sources agree around a basic definition that risk 

management is a process whose goal is to minimise the impact risks can have on a project. 

Small differences emerge between authors when listing components of risk management. The 

basic risk management process, according to Perry and Hayes [24], consists of risk 

identification, risk analysis and the response to risk. 

Construction safety related research [22] identifies four independent elements of the risk 

management process: hazard identification, risk analysis, risk control selection, and risk control 

implementation and maintenance. This research focuses primarily on the identification and in 

some small way on the analysis aspect, while the other aspects are beyond the current scope of 

the research. 

2.3.14. Severity 

Severity is the measure of how significant is the consequence if the hazard does occur. The 

impact of a hazard can also rarely be precisely quantified, with even more difficulty than its 

probability. Because of this, severity is also quantified subjectively by the safety expert. 

Moreover, similarly to probability, the possible levels of a hazard’s severity are also divided 

into possible severity outcomes. These outcomes vary as well, but usually range from 

insignificant consequences to permanent disability or death. The same Ordinance on Risk 

Assessments [21] also prescribes possible severity categories which are: minor injury, medium 

injury and catastrophic injury. 

 

2.4. Construction H&S statistics 

Most of the journal papers reviewed for this research start with the statement that the 

construction industry is extremely dangerous and cite the statistics confirming their claim. This 

is not criticism on their part, but rather emphasis that it indeed is an alarming problem. The 

previous sections have already mentioned that the construction industry has a large number of 

accidents and fatalities when compared to other industries, and especially when the percentage 

of workers in the construction industry is taken into consideration. Other dangerous industries 

include the mining industry, agriculture, forestry, the fishing and hunting industry, and the 

transportation and warehousing industry [25]. 
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2.4.1. Accident statistics in the construction industry 

According to the International Labour Organization (ILO), accidents in the workplace cause 

around 321,000 deaths and 317 million injuries worldwide each year [26]. Out of this number, 

around 60,000 deaths occur at the construction site [27], or 18.7% of all fatalities. Considering 

that globally the construction industry employs around 6-10 % of the workforce [28], this makes 

construction workers a lot more likely to suffer a fatal accident than the average across all 

industries. Construction injuries are not only unevenly distributed between other industries but 

also between countries. Research conducted by the Construction Industry Development Board 

[29] presented in Figure 4 shows that the established market economies, such as the USA and 

the EU member states, have the smallest fatality rate and that developing countries have much 

higher fatality rates. 

 

Figure 4. Occupational accidents by international regions [29] 

When comparing accidents statistics, it is inaccurate to simply compare the numbers of injuries 

or fatalities or even percentages. Therefore, a number of indicators were developed to enable 

comparison between construction industries in different countries and comparisons to other 

industries. The simplest and most frequently used is the incidence rate. The incidence rate is 

calculated as the number of injuries per 100,000 workers employed in the industry. It is also 

more useful than comparing percentages of injuries, since different countries usually have a 

different percentage of workers employed in the construction industry. An example of the 

difference in comparisons of various industries in the USA is pictured in Figure 5. When the 

absolute number of fatal injuries is observed, the construction industry is the most hazardous 

profession. However, when incidence rate is observed, the construction industry takes the fourth 

place. 



21 
 

 

 

Figure 5. Fatal occupational injuries in the United States of America in 2014 [30] 

Alternatively, accident statistics between industries can be compared percentagewise (depicted 

for the EU member states in Figure 6), but this comparison type does not easily show how many 

injuries there are in total, nor how many workers work in each of the industries. Therefore, 

these two charts are not directly comparable, but they do, however, confirm that the 

construction industry is indeed the most hazardous industry even in developed economies.  

 

Figure 6. Fatal and non-fatal occupational injuries by various industries in the EU [31] 
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Literature sources cite accident and fatality statistics for numerous individual countries, but the 

most often for the EU and the USA since the researchers are usually from these two areas 

Likewise, since this research is based on the Croatian construction industry, a short overview 

of accident statistics in Croatia will be presented. Data used in the following tables was gathered 

from the Croatian Institute for Health Protection and Safety at Work website [32], which in turn 

gathered the data from the Croatian Bureau of Statistics and the Croatian Health Insurance 

Fund. 

Table 3 presents the fatal injuries that occurred in the construction industry from 2010 to 2016. 

The data shows that the total number of fatal injuries is generally consistent, with only 2014 

having a significantly lower number of fatalities. The number of fatalities in the construction 

industry varies widely, ranging from 2 fatalities in 2014 and 2015 up to 8 in 2010. Likewise, 

the percentage of injuries varies from 12.5 % in 2015 to 42.11 % in 2010. Fortunately for the 

construction workers and unfortunately for statistical analysis, the actual numbers of fatal 

accidents are too small to make any assumptions, and detailed statistics for previous time 

periods are unavailable. The data can, however, be compared to the statistics in the USA and 

EU. The Croatian construction industry has a much lower incidence rate than in the USA 

(average of 3.66 compared to 9.5 in the USA in 2015) and is a little above the average 

percentage of fatal injuries in the EU. 

Table 3. Total number, ratio and incidence rates of fatal injuries in the Croatian construction industry 

Year 

Number of fatal 
injuries in the 
construction 

industry 

Total number 
of fatal 
injuries 

Percentage 
Number of workers 

employed in the 
construction industry 

Incidence rate  
(per 100,000 

workers) 

2010 8 19 42.11% N/A N/A 

2011 3 19 15.79% 109,803  2.73 

2012 4 14 28.57% 102,211  3.91 

2013 4 17 23.53% 95,655  4.18 

2014 2 8 25.00% 93,296  2.14 

2015 2 16 12.50% 89,069  2.25 

2016 6 18 33.33% 88,851  6.75 

Average 4.14 15.86 25.83% 96,481  3.66 

 

Another important statistical parameter is the nonfatal injuries, presented in Table 4. The total 

number of workers in the industry has declined since 2010 but the number of injuries remained 
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roughly the same. Consequently, the incidence rate fluctuated between 10.84 and 12.86 in the 

last 6 years. These small, incremental changes indicate that safety performance is stagnating. 

Another interesting thing to note is the relatively low number of injuries, possibly due to injury 

underreporting. 

Table 4. Total number and incidence rate of nonfatal injuries in the Croatian construction industry 

Year 
Number of workers 

employed in the 
construction industry 

Number of injuries 
in the construction 

industry 

Incidence rate  
(per 1000 workers) 

2011 109,803  1,407  12.81 

2012 102,211  1,133  11.08 

2013 95,655  1,052  11.00 

2014 93,296  1,011  10.84 

2015 89,069  1,105  12.41 

2016 88,851  1,143  12.86 

 

2.4.2. Uses of accident statistics 

Analysis of statistical information for non-fatal construction injuries has revealed two 

interesting facts about accident statistics: plateauing of safety performance and unreliability of 

statistical data. 

This stagnation or slow improvement of safety performance is not a characteristic of only the 

Croatian construction industry. Other researchers have also ascertained that accident rates 

reached a plateau in most developed countries [33], that even though safety statistics have 

improved compared to ten years ago, improvement has slowed down in recent years, or even 

unfortunately got worse [3], and that “despite the abundant research that has been motivated by 

the aforementioned alarming injury and fatality rates, safety performance in construction has 

been plateauing in recent years, and the implementation of effective injury prevention practices 

has reached saturation” [34]. This stagnation can serve as a motivator to further investigate the 

reasons behind the stagnation of safety improvement and to develop new methods and/or 

technologies for safety improvement. 

The other fact has larger implications for using actual statistical data in safety planning. It would 

seem logical and fairly obvious to use actual statistical information on how often a certain type 

of accident has occurred to determine the frequency of that accident. Accident statistics are 

extremely unreliable even without accounting for extreme variability between different 

construction projects [35]. The most important reason is a high rate of under-reporting of 
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accidents and near misses [36], as evidenced by Gillen and Gittleman [37] and Shapira et al. 

[38], who report numerous examples from literature in their respective papers. Moreover, since 

the likelihood for most potential injuries is extremely small, large sample sizes would be needed 

to achieve statistical significance [16]. This is especially true for the only reliable statistical 

information, the incidence of fatal and serious injuries, which are rare for individual projects 

even in an industry as dangerous as the construction industry [35]. Minor injuries, which are 

more common than serious injuries, are under-reported and obtaining data on their frequency 

can be difficult. An illustrative example of the ratio of high severity injuries to low severity 

injuries is often depicted as an injury pyramid such as the one shown in Figure 7. The exact 

ratios for each severity category are unknown due to under-reporting but estimates show that 

many close calls occur for every injury, many minor injuries for every serious injury, and many 

serious injuries for every disabling or fatal injury [39]. 

 

Figure 7. Safety pyramid with estimated injury ratios based on their severity [39] 

Finally, even if accident statistics are accurate enough to be used in hazard identification and 

quantification, past occurrences are poor predictors of future events [40], meaning that analysis 

and causation of previous accidents can provide basic information for safety planning but are 

not enough to predict when and where accidents could occur [41]. 

2.4.3. Cost of construction injuries 

Besides the obvious societal cost of injuries and loss of life, the economic consequences of 

construction accidents are also significant and need to be taken into consideration. Since 

accident statistics themselves have proved to be unreliable, any further work upon this data is 

also unreliable. The cost of construction injuries can therefore be accurately calculated only for 

the injuries that have been consistently recorded, for fatal and disabling injuries. The National 
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Safety Council [42] reported that the estimated cost of disabling injuries in the United States in 

2004 was 15.64 billion USD and about 1.373 billion USD for fatal injuries, which adds up to 

1,656 USD per construction employee. Costs for other high frequency low severity accidents 

are not included in the above figures due to lack of available data, even though they may 

constitute a significant portion of overall occupational safety and health-related costs [43], and 

neither are indirect costs of construction accidents which may represent over half of the direct 

costs [44]. 

Researchers have tried to estimate total costs of injuries and fatalities in the construction 

industry. In 1979 an organisation called Business Roundtable commissioned a study to 

determine the costs of injuries and fatalities in construction. The Construction Engineering and 

Management Center at Stanford University conducted the study and determined that accidents 

constitute 6.5 % of total construction costs [45]. Research by Everett and Frank [46] showed 

that the total cost of construction accidents is somewhere between 7.9 and 15.0% of total 

construction costs. Throughout the calculations, certain assumptions had to be made and the 

researchers used both the bottom and top bounds for assumed variables, resulting in such a wide 

range of possible percentage costs of construction accidents. 

These two studies, even though dated, still serve to show that construction injuries have 

significant economic consequences on the construction industry, and that the entire industry 

can benefit financially and not just morally from a reduction in the number and severity of 

construction accidents. 

 

2.5. Legislative framework 

The legislative framework is an important aspect of all H&S research in construction, because 

all research needs either to be in line with existing regulation to be potentially implemented, or 

to propose modifications in order to improve existing legislation. The framework for the 

research presented in this dissertation consists of general construction legislation and H&S 

legislation. Both the construction industry and the Health and Safety field are extremely 

regulated both in the European Union and the United States of America. The construction 

industry is regulated because it has a large impact on the economy, sustainability, development, 

environment and on society as a whole. Among those impacts on society, the greatest concern 

is placed on the safety and health of the building occupants or users.  
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In Croatian legislation this safety concern is primarily directed at the end-users and includes 

the structural stability of the buildings, safety in the case of a fire or some other emergency, 

noise protection, safety in use and ease of access. Health and Safety regulation is concerned 

with the safety of workers in their places of work which includes both the safety of construction 

workers in an unfinished building during construction and of the people who occupy or perform 

their work tasks in buildings as completed products. 

Both streams of the legislation overlap and frequently reference each other. The Building Act 

[47] references H&S requirements described in detail in the Occupational Health and Safety 

Act [14] and its subordinate legislation. The H&S Act, in turn, references the construction 

legislation in areas regarding both the Health and Safety of the construction workers. Curiously, 

the construction legislation does not explicitly mention construction worker safety but rather 

calls upon following all H&S related legislation. Therefore, the focus of this legislative review 

will be based upon the H&S legislation with an emphasis on the legislation concerning the 

construction sector. 

2.5.1. H&S legislation in Croatia 

The governing act in the field of H&S is the Occupational Health and Safety Act (Zakon o 

zaštiti na radu) [14]. It is a global H&S law governing not just Health and Safety in construction 

but in all places of work. Alongside the aforementioned Act, there is a large number of 

ordinances (as listed in [48]) and many of them pertain to the construction industry. Besides the 

Occupational Health and Safety Act, the most important ordinances which regulate H&S in 

construction in the context of this research are: 

 Ordinance on Risk Assessment (Pravilnik o izradi procjene rizika) [21]. 

Important because it prescribes the method of calculating H&S risk, defines probability 

and severity scales, risk levels and determines a framework for creating risk assessments 

for places of work, which are one of the two primary sources for identifying construction 

hazards in this research. 

 Ordinance on Health and Safety on Temporary and Mobile Construction Sites 

(Pravilnik o zaštiti na radu na privremenim ili pokretnim gradilištima) [49]. 

Important because it is the transposition of EU Directive 92/57/EEC [50] into Croatian 

legislation. As such, it defines the requirements for site safety plans, which are the other 

primary source for identifying construction hazards. Additionally, the ordinance 
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prescribes the roles of Health and Safety Coordinators and the involvement of other 

construction process stakeholders in the safety of construction workers. 

 Ordinance on Health and Safety for Places of Work (Pravilnik o zaštiti na radu za 

mjesta rada) [51]. 

Important because it lists the requirements that places of work need to fulfil to be 

considered safe for work. It is primarily orientated to workplaces in general but therefore 

also includes construction workers. Site safety plans and risk assessments for places of 

work need to be in accordance with this ordinance. 

 Ordinance on Health and Safety in Construction (Pravilnik o zaštiti na radu u 

građevinarstvu) [52]. 

Important because it lists specific requirements that work conditions on the construction 

site need to fulfil in order to be considered safe for work and also prescribes safe work 

practice for various construction activities. As is the case with the previous ordinance, 

site safety plans and risk assessments for places of work need to comply with the 

requirements of this ordinance. 

Other ordinances mentioned in the Ministry of Labour and Pension System's webpage [48] are 

also closely related to the construction of the built environment such as the Ordinance on the 

Use of Personal Protective Equipment, Ordinance on Providing First Aid to Injured Workers 

and Ordinance on Health and Safety at Manual Transportation of Cargo, to name a few. These 

ordinances are also important for the research and were studied in detail to provide insight into 

the H&S legislation and issues faced by construction workers and all the stakeholders in the 

construction safety process. 

2.5.2. H&S legislation in the EU 

When Croatia became a member of the European Union (or more precisely, during its 

candidacy for a member state) its laws needed to be harmonised with EU legislation . With 

regard to H&S, these changes are most reflected in accepting Directive 92/57/EEC on the 

implementation of minimum safety and health requirements at temporary or mobile 

construction sites [50]. 

This Directive is the primary directive governing the specifics of the construction industry in 

the global H&S context. It is a part of a global EU H&S framework first established by the 

“Council Directive of 12 June 1989 on the introduction of measures to encourage improvements 

in the safety and health of workers at work” [53], which introduces the provisions and 
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guidelines for H&S of workers at their places of work as well as the duties, responsibilities, and 

obligations of both employers (creation of protection and prevention services, risk assessments, 

etc.) and workers (carrying out instructions, correct use of equipment and machinery) [54]. The 

Directive has 19 supportive directives, the 8th of which is 92/57/EEC. 

The main purpose of the Directive is, of course, to minimise H&S risks to the construction 

personnel. As such, it establishes minimum safety and health requirements that should be 

applied to building or civil engineering works at temporary or mobile construction sites [55]. 

Its significance in the context of the research presented in the dissertation is threefold: it is the 

first EU legislation to explicitly enforce particular duties regarding H&S of construction 

workers to construction stakeholders other than the contractor, creates the role of H&S 

Coordinators and prescribes mandatory creation of site safety plans for all construction sites. 

By enforcing H&S duties on other stakeholders, such as the designer, the Directive provides a 

legal basis for proactive safety management concepts such as Design for Safety (DfS). 

Moreover, these provisions force safety to be considered earlier in the construction project when 

greater influence to reduce or even eliminate hazards is to be expected. This in turn creates 

larger significance for the use of hazard identification tools such as the one presented in the 

research. Secondly, the role of H&S Coordinators is relevant to the research since they are the 

experts who might benefit most from the proposed research and were a valuable source of 

information throughout the research stages, as will be further elaborated in appropriate sections. 

Finally, the site safety plans are also of great relevance to the research because a large number 

of hazards for the developed Construction Hazards Database were identified from them and 

because the final result of the Hazard Integration System can be used as an input for the creation 

of site safety plans. 

Incorporation of the Directive in the national legislation of EU member states varied both in 

terms of actual content of the final national legislation and the time it took to implement it [56]. 

Research by Aires at al. [56] has concluded that most of the countries that were already 

members of the EU moulded the Directive to their national construction industry context, while 

the newer member states simply transcribed the Directive into their legislation. This fact is 

significant because not all EU countries prescribe exactly the same duties to H&S Coordinators 

and requirements of site safety plans. This aspect is of relevance to the remainder of the research 

since later chapters feature both H&S Coordinators and site safety plans. The definitions of 

these two terms are as described in Croatian legislation, specifically in the Croatian Ordinance 

on Health and Safety on Temporary and Mobile Construction Sites. Croatia followed the same 
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path as most countries and simply translated and transcribed Directive 92/57/EEC, meaning 

that the definitions are almost identical to those in the Directive. 

2.5.3. H&S legislation in countries of interest to this research 

Other countries with extensive H&S legislation of some interest to the research presented in 

this dissertation thesis are the United States of America, the United Kingdom and Australia. 

These countries participate the most in H&S related research and understanding their legislation 

is necessary for understanding the research background. 

The United Kingdom is at the time of writing still a member of the EU and is required to 

incorporate EU legislative provisions into its national legislation. The UK is interesting because 

it was one of the first to adopt Directive 92/57/EEC and has substantially changed and modified 

the legislation to its national context. Its Construction Design and Management (CDM) [57] 

regulations are the most advanced national regulations in the field of construction safety, with 

all construction safety stakeholders included in H&S at the construction sites and the inclusion 

of designer responsibility for the safety of construction workers. Australia has similar 

legislation to the EU countries which recognise the responsibility of designers for construction 

workers’ H&S [58]. 

In the USA, their OSHA (Occupational Safety and Health Administration, H&S governing 

agency in the US) regulations regarding the construction industry are regulated by the OSH Act 

of 1970, Title 29, Part 1926 of the Code of Federal Regulations [59]. The greatest difference 

between the US H&S legislation and European H&S legislation is in the responsibility for the 

construction worker H&S, where OSHA places sole responsibility for the safety and wellbeing 

of construction workers on the contractor. EU legislation, on the other hand, acknowledges 

shared responsibility between project stakeholders. This does not mean that the responsibility 

is shared equally because by far the largest responsibility is still placed upon the contractor, but 

other stakeholders are required to take the H&S of construction workers into consideration 

when conducting their own tasks in the construction process. Along with the OSHA standards, 

Toole [60] states that model contracts used by both architects and design engineers also justify 

the designers’ continued non-involvement in site safety.  

This different orientation towards H&S does not mean that it is forbidden to the designers, 

owners, consultants and others to consider H&S as a requirement in the building process and to 

implement DfS and similar concepts, but since they are not obliged to do so, most are reluctant 
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to include safety considerations due to a large number of potential barriers, which will be 

discussed later in the text.  

2.5.4. H&S standards 

When considering H&S legislation, it also important to mention the various H&S standards. 

Generally speaking, there are two types of standards depending on whether they are obligatory 

or not. The obligatory standards are closely related to specific issues regarding H&S and their 

implementation is prescribed by national legislation. Such standards are those that prescribe 

requirements for personal protective equipment, safe work procedures, control methods, mental 

and health requirements for workers conducting special at risk activities and similar. 

The other type of H&S standards are general management system standards, applicable to all 

industry sectors as well as to construction. The most cited standards are OSHAS 18001 [23], 

ILO-OHS 2001 [61] and the soon to be published ISO 45001 [62]. All three standards are 

similar in their nature and goal, which is to “provide a framework to improve employee safety, 

reduce workplace risks and create better, safer working conditions” [62] by “putting in place 

the policies, procedures and controls needed for your organization to achieve the best possible 

working conditions and workplace Health and Safety, aligned to internationally recognized best 

practice” [23] through “practical approaches and tools for assisting organizations, competent 

national institutions, employers, workers and other social partners in establishing, 

implementing and improving occupational safety and health management systems” [61]. 

 

2.6. Construction hazards 

Construction hazards themselves are a topic of extensive research with many different aspects 

to consider. This section does not deal with the definition of construction hazards which was 

stated earlier in this chapter, but rather gives further insight into issues regarding hazard 

identification, hazard types, sources of hazards, most numerous and most hazardous accidents, 

construction workers’ role in construction hazards, and other construction hazard related topics. 

2.6.1. Hazard types 

Hazards can be divided into types based on many different factors and characteristics, most 

commonly based on their frequency levels, severity levels and consequently risk levels. Since 

an entire section of this chapter deals with the frequency and severity of construction hazards, 

this division will be explained later in that section.  
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Additional classifications were proposed by Abdelhamid and Everett [63], who categorise 

hazards based on causes of unsafe conditions. These conditions include: management action or 

inaction; unsafe acts of workers or co-workers; non-human related events; unsafe conditions 

which are natural parts of initial construction site conditions. Zhang has also categorised 

hazards based on the cause of the hazard [3]. Potential hazard causes are: 

1. Unsafe work conditions – resulting from hazardous conditions at the construction site, 

such as potential to fall, fire hazards and environmental hazards. 

2. Activity based hazards – resulting from performing construction activities.  

3. Hazards caused by activity interaction – resulting from space conflict between two or 

more activities. 

Roberts [64] proposed a categorisation for uncertainties in projects which can also be applied 

to construction hazards. She divided the uncertainties into ‘‘known unknowns”, which are the 

risks that are already identified, and ‘‘unknown unknowns”, which are unidentified risks. Kim 

[65] further divided “unknown unknowns” into knowable and unknowable. Applied to 

construction hazards, “known unknowns” are the hazards identified during the hazard 

identification process. These hazards may or may not cause accidents during construction, but 

at least the safety managers can plan for them and if possible mitigate or even eliminate them. 

“Unknown unknowns” are the remaining hazards, which have not been identified. These are 

especially dangerous since control measures cannot be planned and implemented if safety 

managers are unaware of the hazard’s existence [66]. Furthermore, “knowable unknown 

unknowns” are those hazards which were not identified but could have been, and “unknowable 

unknown unknowns” are those hazards which could not have been identified by any current 

hazard identification methods. The goal of this research is, among other things, to enable safety 

experts to identify as many hazards on the construction site as possible, since based on the 

research by Carter and Smith [66] over 30% of hazards remain unidentified during the hazard 

identification process. 

The Database developed in this research uses several divisions to simplify the search function 

and enable results filtering. Firstly, the hazard can cause either an injury or a professional 

illness, depending on if the consequence is immediate or develops over a longer period of time. 

Secondly, hazards are divided by the energy source whose release causes the hazard. Hazard 

energy sources are adapted from literature and presented in Table 5. Finally, this research 

proposes the division of hazards into three types based on their area of influence, namely, into 
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self-induced hazards, peer-induced hazards and global hazards. Such division was not identified 

in reviewed literature. 

Table 5. Energy sources, adapted from [67] 

Energy source Definition Energy source Definition 

Biological 
Living organisms that can 
present a hazard 

Motion 
The change in position of 
objects or substances 

Chemical 
The energy present in 
chemicals 

Pressure 
Energy applied by a 
compressed or vacuum liquid 
or gas 

Electrical 
The presence and flow of an 
electric charge 

Radiation 
The energy emitted from 
radioactive materials 

Gravity 
The force caused by the 
attraction of all other masses 
to the mass of the earth 

Sound 
A vibrating-cause force the 
energy is transferred through 
the substance in waves 

Mechanical 
The energy of the 
components of a mechanical 
system 

Temperature 
The measurement of 
differences in the thermal 
energy 

 

2.6.2. Industry specific hazard sources 

It was previously stated that the construction industry is different to other production industries 

because construction has (in addition to accidents with severe consequences) a large number of 

low severity - high frequency accidents [43] and diverse hazard sources [12]. A hazard source 

uncommon in other production industries is workplace congestion. Since the workers are 

transient and the product is static, scheduling activities can often lead to overlapping workplaces 

for different construction worker teams which in turn cause congestion hazards. They manifest 

as spatial interference which can lead to collision incidents between workers, equipment and/or 

materials [39]. 

Movement of workers through the construction site is also a specific hazard source since in the 

production industries workers usually have a defined workplace and the product moves through 

the production line. Hazards, when moving though the site, include hazards from other activities 

performed in the area, slips and falls on the same level, falls through openings in the floor and 

struck-by hazards. These hazards are also significant because approximately 20% of the 

accidents occur while the worker is moving through the construction site [68, 69]. Related to 

collision accidents and spatial interference, another industry specific hazard is the proximity of 

workers to heavy construction equipment [70]. In other production industries machinery is 
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mostly static and workers have limited access to their moving parts. In the construction industry 

most of the machinery is mobile and it occupies the same workplaces as the workers. 

2.6.3. Job Hazard Analysis 

These specific hazard sources and specificities of the construction industry contribute to the 

large number of unidentified hazards and make the hazard identification process more difficult 

than it is in other production industries. A standard method for identifying hazards in the 

production industries is the Job Hazard Analysis (JHA). JHA is a proactive measure for safety 

assessments in industrial manufacturing settings [2], whose job is to identify hazards before 

they occur by focusing on the relationship between the worker, the task, the tools and the 

environment [71]. The procedure of conducting JHA consists of three steps [72]: 1. identifying 

all job steps of a given activity; 2. identifying potential hazards related to those job steps; and 

3. proposing procedures to eliminate, reduce or control each of the hazards. The US 

Occupational Health and Safety Administration recommends performing JHA for construction 

activities to identify hazards faced by construction workers [73]. 

However, the aforementioned differences between the construction industry and other 

production industries make such hazard identification procedures difficult. Hazards are difficult 

to predict because even though the activities performed are similar or even the same, every 

construction project has its unique location, time schedule and work conditions. Moreover, the 

construction sites are dynamic and even if the hazards were accurately predicted for such 

precisely defined conditions there is a large probability that the conditions would change by the 

time the construction activity is scheduled to be performed.  

Given that each construction site is unique, a JHA would need to be performed for each activity 

for each construction site, and given the frequent changes on the construction site, JHA would 

need to be performed daily and not once at the beginning of the project, perhaps even months 

before the activity is scheduled to be performed [74]. These problems have prompted 

researchers [2, 73] to explore how the JHA could be automated and applied to the construction 

industry, and is also one of the objectives of the research presented in this dissertation. 

2.6.4. Hazard identification in the construction industry 

Safety planning in the construction industry typically consists of identifying all potential 

hazards and choosing the corresponding safety measures [75]. Unfortunately, safety planning, 

even though it has a key position in production planning, is often carried out separately from 

the project design and planning phases [76]. This separation creates inefficiencies in safety 
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planning and causes difficulties for safety engineers to analyse what safety measures are needed 

where and when to prevent potential accidents [41], and to consequently potentially improve 

the safety performance at the construction site. 

Hazard identification, as the first step in safety planning, is extremely important since if hazards 

are not discovered during the preconstruction phase (making them “unknown unknowns”, as 

they have already been defined) they cannot be eliminated, reduced or controlled and have the 

potential to cause accidents.  

There are several problems with hazard identification in the construction industry. Traditional 

safety planning relies on manual efforts for identifying and preventing safety hazards [77]. To 

identify the hazards, safety planners use 2D drawings and construction schedules to visualise 

the construction process and assess probable safety hazards [75]. Since this approach is manual 

and based on the knowledge and experience of the safety planner, the process is labour-

intensive, time-consuming, inefficient and error-prone [3, 75, 77]. This research aims to 

overcome these difficulties through automated hazard identification, as will be further 

elaborated in the chapter which defines the Hazard Integration System. 

 

2.7. Construction hazard risk quantification 

2.7.1. Probability and severity 

The next step after identifying hazards and before deciding on mitigation strategies is 

determining the risk levels of the hazards. Probability and severity were defined earlier in this 

chapter as a likelihood of occurrence or frequency of the hazard’s occurrence and as a measure 

of harm resulting from the hazard, respectively. Risk level is most often determined by 

multiplying probability and severity scores. This approach may seem simple, but the difficult 

part is to gather accurate probability and severity data [16]. Frequency could theoretically be 

quantified from data extracted out of accident reports but such an approach is plagued by a 

myriad of problems already discussed earlier in the construction statistics section. Quantifying 

severity, on the other hand, is much more abstract and is dependent on the safety expert’s 

judgment. Jannadi and Almishari [78] corroborate that precisely defining risk is difficult and 

also state that precise estimate of risk may not be required, but rather that “a method of 

estimating risk that will give convincing results that are known to be sufficiently reliable and 

accurate to serve as a basis for managerial decisions” is needed. 
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2.7.2. Risk quantification 

Researchers and practitioners have developed a large number of methods to quantify risk 

varying in complexity and application [15], most commonly in the form of a risk matrix. A risk 

matrix is a tool used to quantify risks by determining the intersection between the identified 

probability category (also sometimes called frequency or likelihood) and the identified severity 

category (sometimes called impact or consequence) [79]. The matrix is in fact a table that has 

several categories of probability for its rows, and several categories of severity as columns, or 

vice versa. An example of a risk matrix is pictured in Figure 8. 

 

Figure 8. Example of a qualitative risk matrix [80] 

Probability and severity categories and corresponding risk levels can be either descriptive and 

colour coded (as described in Figure 8), or quantitative as presented in Figure 9. The number 

of each of the categories is dependent on how detailed the distribution needs to be and the table 

does not need to be symmetrical. Categories can also differ from one matrix to another, meaning 

that, for example, moderate severity can have different meanings in two different risk matrices. 

 

Figure 9. Example of a quantitative risk matrix [81] 

The risk quantification method used in this research is the one proposed by the Ordinance on 

Risk Assessment [21], since it is prescribed by local legislation. From all of the examples, it is 

obvious that there are numerous ways of quantifying construction hazard risks. Therefore, a 
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tool whose purpose it is to determine hazard levels should enable the safety expert to tailor the 

risk matrix to his own preference or legislative requirements. 

2.7.3. Spatial and temporal exposure 

Another important factor to consider when calculating risk levels is exposure, and some risk 

quantification methods [78, 82] include exposure in the equation along with frequency and 

severity, where exposure is the amount of time a worker is exposed to the hazard. Naturally, 

the longer the worker is exposed, the larger are the chances of an accident occurring. 

Two other exposure types become relevant when we need to identity not just the hazards the 

workers expose themselves to (defined as self-induced hazards in this research), but also the 

hazards the workers are exposed to from activities performed by other workers (defined as peer-

induced hazards). These exposure types are spatial exposure and temporal exposure. For a 

worker to be exposed to a hazard caused by another activity, both activities need to take place 

at the same time or have a temporal overlap (temporal exposure) and the worker needs to be 

present in the hazard’s radius of influence. Previous H&S research has identified that in the 

construction industry workers are exposed to such hazards, but only the research articles 

involving the “CHASTE” method by Rosenfeld et al. [2, 4, 16] take such hazards into 

consideration when identifying and quantifying hazards. This research also places  considerable 

focus on peer-induced hazards. 

 

2.8. Health and Safety through project stages 

Previous sections have already mentioned that the focus of both H&S research and practice in 

construction is in the construction phase. Addressing safety in the design and planning phases 

provides an opportunity to eliminate hazards before they have the opportunity to endanger 

workers on the construction site [83], which is in line with the aforementioned Szymberski’s 

[8] time-safety curve and hierarchy of controls [11]. Gambatese et al. [83] further state that a 

considerable portion of the ability to positively and effectively influence construction site safety 

is lost when safety is considered only in the construction phase. 

Numerous research supports the claim that design has a large influence on construction worker 

safety. Behm has concluded [84], and Gambatese et. al [83] later confirmed, that 42% of fatal 

accidents were associated to design issues. Gibb et al. [85] reviewed 100 construction accidents 

in the UK and concluded that a design change would have at least reduced the risk of injury in 
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47% of the cases. Smallwood [86] interviewed contractors on the topic of design and safety and 

approximately 50% of the interviewees identified design as an aspect or a factor that negatively 

affects H&S on construction sites. However, the first study that connected design decisions to 

H&S repercussions on the construction site was conducted by the European Foundation for the 

Improvement of Living and Working Conditions [87] commissioned by the European 

Commission. The study concluded that around 60% of fatal accidents in construction arise from 

decisions made before the construction work even started. These results have prompted drafting 

Directive 92/57/EEC on the implementation of minimum safety and health requirements at 

temporary or mobile construction sites. 

2.8.1. Design for Safety and Prevention through Design 

A potential solution to including safety considerations in the early project stages are the Design 

for Safety (DfS) and Prevention through Design (PtD) concepts. Literature sources cited in this 

research do not agree on the distinction between these two concepts and others even include 

terms such as Design for Construction Safety and Construction Hazard Prevention through 

Design. Some researchers state that all these terms describe the same [25, 88, 89], while others 

consider them separate but similar [10, 90] concepts. Furthermore, Behm reports [91] that there 

is no clear definition of the PtD concept. Distinction on such a detailed level is not necessary 

for the purpose of this research and the term Design for Safety will be used in the following 

text. 

Design for Safety is a concept whose goal is to prevent and minimise occupational injuries and 

illnesses by designing out and minimising construction hazards in the design. It is a process in 

which design professionals explicitly consider construction worker safety while designing a 

facility [7] based on the premise that by addressing safety during the design process some 

hazards will be eliminated or reduced during construction [92]. Since design decisions define 

the configuration and components of a facility they also influence how the project will be 

constructed and consequently have impact on the construction hazards [93]. In some ways DfS 

is analogous to preventive medicine: it is easier, less expensive and more moral to prevent the 

disease from occurring in the first place then to cure a patient when he or she gets sick [94]. 

With DfS it is preferable to eliminate the hazard so the worker cannot be exposed to and injured 

by the hazard [94]. It may most likely be financially more profitable, but as Gambatese [95] 

reports, further research is needed to understand and quantify the economics of implementing 

safety considerations in the design phase. 
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In the current safety practice, designers are held responsible for the safety of end-users while 

construction worker safety is the contractors’ responsibility [96]. DfS does not intend to transfer 

the responsibility to designers [96] but “adds another item to architects' and engineers' design 

criteria: the facility should not include unnecessary construction risks and project documents 

should alert constructors to unavoidable hazards” [7].  

Even though research has shown that a significant percentage of injuries can be linked to design 

decisions, accident causality is complex and multi-faceted [84]. It is incorrect to assume that 

implementing the DfS concept will reduce construction industry fatalities, DfS is just one 

element in a holistic approach which requires collaboration of all construction safety related 

stakeholders to enhance construction worker safety [83]. 

2.8.2. Barriers to implementation 

Integrating design engineers into safety planning has numerous barriers. Previous research has 

identified these barriers:  

 Designers’ lack of safety knowledge [94, 97, 98]; 

 Lack of understanding of construction processes [94, 99]; 

 Limited preconstruction collaboration [99-101]; 

 Increased direct and overhead costs [25, 94, 100]; 

 Time constraints [25, 94]; 

 Liability issues [94, 99, 100]; 

 Lack of motivation [99]; 

 Lack of regulatory mandates and current contract terms [6, 94, 100, 101]. 

Perhaps the most significant barrier of the ones listed above is the lack of safety knowledge. If 

designers do not know how they can increase the safety of construction workers, they cannot 

implement safety considerations in their designs. Toole [94] had stated that a vast majority of 

design professionals have had limited or no academic exposure to safety management. This 

statement was confirmed by Gambatese [102], whose study found that out of 36 surveyed civil 

engineering departments, none offered a course strictly on construction safety. A related issue 

is the lack of knowledge about the construction process. If designers do not know the details of 

how construction work is carried out, they cannot plan safer alternative construction methods. 

Additional concerns faced by the designers are the increased costs, time constraints and liability 

issues. Adding an additional design requirement justifiably increases the time needed for design 
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completion, which directly increases design costs since time spent on design for safety could 

have been spent working on other projects. Liability issues are the most often cited reasons why 

designers are hesitant to consider construction worker safety, especially in the United States. 

They fear that they would be legally responsible in case an accident occurred on a construction 

site if they had defined certain construction methods for the contractor to use. Additional legal 

responsibility would also raise their insurance premiums and consequently their indirect costs. 

Designers also lack the motivation to engage in construction safety planning. Apart from ethical 

obligations, designers have no incentive to practice DfS. Model contract terms and legislation 

(except in the EU and some other countries) place safety responsibilities exclusively on the 

contractor and therefore the designers’ involvement, while not prohibited, is discouraged. 

Additionally, project delivery methods such as design-bid-build limit the collaboration 

designers can have with contractors in the preconstruction phases and prevent knowledge 

transfer and design optimisation. 

Research presented in this dissertation is in line with the DfS concept. It allows designers to see 

the potential impact of their designs on construction worker safety and enables them to compare 

design alternatives, while having none of the previously mentioned barriers. There is no 

additional time required since the safety check is almost instantaneous and additional costs 

would only come from the use of software. Since designers are not actively prescribing work 

methods or sequences to contractors, there is no legal responsibility or liability. Regulatory and 

contractual barriers do not apply to this research since DfS is not explicitly banned and does 

not need to be explicitly stipulated in the contract for the designer to engage in safety planning. 

Since designers would have almost no additional cost, time required or legal complications, 

they could provide added value to the owner and elevate themselves above their competition. 

Finally, the lack of safety and construction knowledge barriers can also be mitigated through 

the results presented in this research. Designers would not need to have construction safety or 

construction process related knowledge since that knowledge is contained in the Construction 

Hazards Database. 
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3. Innovative Technologies in Construction Health and Safety 

Perhaps the first question that needs to be answered is what constitutes an innovative 

technology. This is not an easy task since something that was innovative 10 years ago might be 

extremely common today, or what is widely used in one field of research might be completely 

new and unexplored in another research field. In the context of this research, innovative 

technology in construction H&S is any application of new or existing technology in a new or 

different way, with a goal to improve whichever aspect of construction Health and Safety. 

Using innovative technologies (IT) to improve H&S is not a new occurrence in H&S related 

research. Zhou et al. [12] have identified a total of 63 research papers (up until 2013) dealing 

with innovative technology application as an intermediate solution to prevent workers from 

injuring themselves and/or others. They have also discovered a sharp increase in the yearly 

number of H&S related publications since 2005 (presented in Figure 10), from one or two 

publications a year to as many as 10 publications a year. Such increase in IT related H&S 

publications follows the growth of the number of H&S publications in general, as was 

mentioned in the previous chapter. 

 

Figure 10. The increase in number of publications regarding innovative technologies in H&S [12] 

The reasons for the increase of the technology-enabled approaches to construction safety can 

be found in the fact that traditional methods of accident analysis and causation data provide, 

albeit valuable, but general information for safety planning which cannot accurately predict 

when and where an accident will occur on a construction site [41]. Such increase in the number 

of innovative technologies in H&S, and in turn reliance on them to produce results which can 

have direct effect on human health, might have unintended consequences. According to Weick, 

the use of innovative technologies can increase the potential for mistakes and accidents since 
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[103]: “reliance on a single, uncontradicted data source can give people a feeling of 

omniscience, but because these data are flawed in unrecognized ways they lead to nonadaptive 

action”. Zhou et al. [104] agree that digital systems do not encourage the active challenging of 

assumptions, and checking and validating results produced by software. This presents a serious 

challenge to all potential applications of innovative technologies in the field of construction 

H&S, including the research presented in this dissertation. 

The remainder of this chapter will provide an overview of existing research which aims to 

improve construction site safety through the use of innovative technologies. Following this 

overview, there will be a discussion of the similarities and differences of the proposed research 

and existing research. 

 

3.1. Types of innovative technologies in H&S research 

A review of published literature has identified a myriad of potential uses for innovative 

technologies in the field of construction H&S. An important distinction to make is the one 

between the technology and its application. Technology can be seen as a platform or a tool 

which is used for a specific purpose, such as for hazard identification, safety training, rule 

checking, etc., while application is the way in which the technology is used to help achieve this 

purpose. Previous research can therefore be divided primarily by these two aspects: which 

technology it uses and what it plans to achieve. Additionally, some research combines more 

than one technology, or the technologies have more than one application.  

Some of the innovative technologies appearing in previous research are: BIM, 4 Dimensional 

Computer-aided Design (4D CAD), Geographic Information System (GIS), Virtual reality 

(VR), Augmented reality (AR), Augmented virtuality (AV), Radio-frequency identification 

(RFID), Serious games, Knowledge-based systems, Database integration, Checklists, Prompt 

words, Sensing technologies (Laser scanning, RFID, radar, sonar, Global positioning system – 

GPS, cameras), Ontology and Natural language processing (NLP). Potential applications of 

innovative technologies identified through the research, among others, include: Hazard 

identification, Visualisation, Job Hazard Analysis, Rule checking, Safety training, Design for 

Safety suggestions, Safety risk drivers, Sensing and warning, Construction planning, Site safety 

planning and H&S issues with temporary structures. 

Lists of all the previous research efforts discovered during the literature review are presented 

in the following sections and in three following tables (Table 6, Table 7 and Table 8). The tables 
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contain the name of the developed tool (if applicable) and the title of the paper which describes 

the tool in the first column. The second column contains information on the type of innovative 

technology which was used in the research, and the third column lists the application of the 

innovative technology. The final column contains reference to the original literature source. 

The tables contain all the reviewed innovative technologies, however, only those of greater 

interest to the research presented in this dissertation will be described in more detail in the 

following subsections. 

 

3.2. Building Information Modelling – BIM 

Building Information Modelling (BIM) is most often defined as digital representation of the 

physical and functional characteristics of a facility [105]. According to Kamardeen [106], BIM 

enables the creation of 3D models of buildings with coordinated and reliable information about 

a project from design through construction and into operation. He further states that BIM [106]: 

“… is not just a 3D virtual model but a repository of intelligent building objects with attributes 

that can understand the interaction between each other, and non-geometric data about the 

objects and the facility for decision-makings”. Although BIM models are usually produced 

using 3D modelling software [107], the elements in BIM models are not just a collection of 

lines or polygons as they are in 2D or 3D CAD, respectively. They represent both the graphical 

and non-graphical aspects of a building [108] since additional parametric information can be 

attributed to each of the model elements. BIM models can contain various information about 

the building and the building elements and actually be treated as a database [109]. 

Current BIM usage is mostly focused on design aspects, but its application could be beneficial 

in the construction phase as well. Being an evolution (or “an upgrade”) of 3D CAD, BIM is 

often called nD modelling in which the “n” stands for any additional dimensions to the three 

spatial ones. By adding temporal information BIM becomes a 4D model, adding cost generates 

a 5D model, while the 6th dimension is facility management and the 7th is sustainability [106]. 

Integrating construction safety information could be regarded as an additional dimension of 

BIM models.  

Given how BIM seems to provide a solution to many of the problems facing the construction 

industry and seems to have a large potential for application, it is not surprising that BIM is also 

the most often used innovative technology in the literature. In 25 studies (out of totally 72 which 

describe the development of a construction H&S safety tool), BIM is the only innovative 
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technology applied to H&S, and in another 17 BIM is used either in conjunction with another 

innovative technology or is used as a foundation for that other technology (such as for VR). It 

also has the most unique applications. BIM is used for hazard identification, visualisation, 

safety training, rule checking, Job Hazard Analysis, Design for Safety suggestions and others. 

A special occurrence with BIM (and 3D/4D CAD, to a degree) is that it is an innovative 

technology in itself, but is also a platform for other technologies, for example for VR, AR and 

serious games. The remainder of this subsection will list only the usages where BIM is the 

primary technology, and its usage in conjunction with other technologies will be listed in their 

respective subsections. Uses of BIM (as the primary technology) in construction H&S are listed 

in Table 6. 

Table 6. Application of BIM in H&S research 

Title of the tool (if applicable) and title of the 
paper 

Technology 
type(s) 

Application(s) Reference 

Use of Building Information Modeling in Design 
to Prevent Construction Worker Falls 

BIM 
Design for Safety 
suggestions 

 [109] 

8D BIM MODELLING TOOL FOR ACCIDENT 
PREVENTION THROUGH DESIGN 

BIM 
Design for Safety 
suggestions 

 [106] 

INTEGRATION OF CONSTRUCTION 
WORKER FALL SAFETY IN DESIGN 
THROUGH THE USE OF BUILDING 
INFORMATION MODELING 

BIM 
Design for Safety 
suggestions 

 [25] 

Integration Of Safety In Design Through The Use 
Of Building Information Modeling 

BIM 
Design for Safety 
suggestions 

 [110] 

BIM-Based Planning of Temporary Structures for 
Construction Safety 

BIM 
H&S issues with 
temporary structures 

 [77] 

Integrated Building Information Model to Identify 
Possible Crane Instability caused by Strong 
Winds 

BIM 
H&S issues with 
temporary structures 

 [111] 

Temporary Facility Planning of a Construction 
Project Using BIM(Building Information 
Modeling) 

BIM 
H&S issues with 
temporary structures 

 [112] 

Automatic design and planning of scaffolding 
systems using building information modeling 

BIM 
H&S issues with 
temporary structures 

 [113] 

Using BIM for Smarter and Safer Scaffolding and 
Formwork Construction: A Preliminary 
Methodology 

BIM 
H&S issues with 
temporary structures 

 [58] 

Integration of Safety Risk Factors in BIM for 
Scaffolding Construction 

BIM 
H&S issues with 
temporary structures 

 [80] 

Leveraging Project Models for Automated 
Identification of Construction Safety 
Requirements 

BIM Hazard identification  [114] 

Tuning Up BIM for Safety Analysis Proposing 
Modeling Logics for Application of BIM in DfS 

BIM 

Hazard identification 
(fall hazards), rule 
checking, Design for 
safety suggestions 

 [96] 
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Building Information Modeling (BIM) and 
Safety: Automatic Safety Checking of 
Construction Models and Schedules 

BIM 
Hazard identification 
(fall hazards), rule 
checking 

 [41] 

Utilization of BIM-based Automated Safety 
Checking in Construction Planning 

BIM 
Hazard identification 
(fall hazards), rule 
checking 

 [115] 

A case study on automated safety compliance 
checking to assist fall protection design and 
planning in building information models 

BIM 
Hazard identification 
(fall hazards), rule 
checking 

 [116] 

Framework for Work-Space Planning Using 
Four-Dimensional BIM in Construction Projects 

BIM 
Hazard identification 
(workplace congestion 
hazards) 

 [117] 

Design for safety: theoretical framework of the 
safety aspect of BIM system to determine the 
safety index 

BIM 
Hazard identification, 
Other - determining 
safety index 

 [118] 

BIM-based fall hazard identification and 
prevention in construction safety planning 

BIM 
Hazard identification, 
rule checking, fall 
hazards 

 [76] 

Classification of rules for automated BIM rule 
checking development 

BIM Rule checking  [119] 

Automatic rule-based checking of building 
designs 

BIM Rule checking  [120] 

Construction safety risk drivers: A BIM approach BIM 
Safety risk drivers, 
hazard identification 

 [121] 

Developing a BIM-enabled Bilingual Safety 
Training Module for the Construction Industry 

BIM Safety training  [122] 

The Development of a Framework for a Design 
for Safety BIM Tool 

BIM Safety training  [123] 

A BIM-based Approach for Communicating and 
Implementing a Construction Site Safety Plan 

BIM Site safety plan  [124] 

 

3.2.1. BIM for hazard identification 

As can be seen from the “Application” column of Table 6, the most prominent use of BIM in 

H&S is for hazard identification. Zhang et al. [41] have used BIM to automatically detect falling 

hazards and to model guardrails and protective covers around and over the openings in the 

structure. The research developed algorithms that automatically analyse a building model to 

detect safety hazards and to suggest preventive measures through an automated rule-checking 

system. 

Additional research by Zhang [76] aims to develop an automatic BIM-based hazard 

identification and planning tool that identifies potential fall hazards, assists in labour intensive 

modelling and planning of fall prevention system and which improves construction workers’ 

safety awareness by visualising potential hazards. The study concluded that automation has the 

potential to improve safety planning by reducing time and manual modelling efforts and the 

contribution of this research is an automated rule-checking framework that integrates safety 
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into BIM effectively and provides practitioners with a method for detecting and preventing fall-

related hazards. This research topic continued through the work of Sulankivi et al. [115], who 

applied the developed tool on a real-world project, and by Melzner et al. [116], who 

implemented the same tool as an add-on to existing BIM authoring software. 

Other authors have also explored the possibilities of BIM and rule checking for identifying fall 

hazards. Taiebat [96] has defined a framework for hazard identification in BIM which would 

support the development of a BIM based hazard recognition tool. His research consisted of 

developing a design for a construction worker safety tool which efficiently makes designing for 

safety suggestions available to designers and constructors, and determining “the approach or 

procedure that would be the most suitable for automatically integrating design for construction 

safety suggestions into the design process without hampering designer creativity”. The purpose 

of the developed tool was to automatically check the imported BIM model and to provide users 

with safety suggestions on how to improve construction safety. 

Besides fall hazards, other hazard types identifiable in BIM are congestion hazards. Choi et al. 

[117] have “suggested a framework for work-space planning process in a 4D BIM environment 

that integrates the characteristics of activity, work space, and construction plan”. Proper 

planning which considers workers’ location on the construction site can aid in avoiding severe 

problems such as rework, decrease in productivity and safety hazards. Teo et al. [118] have 

developed another hazard identification tool, called the Intelligent Productivity and Safety 

System (IPASS), which allows users to analyse and monitor key aspects of the safety 

performance of the project before the project starts and as the project progresses. The goal of 

the developed system is to determine a safety index for a building and to assist designers in 

recognising hazards early in the design phase. 

3.2.2. BIM for design for safety suggestions 

BIM can also be used for providing designers with suggestions on how to alter their designs to 

make them safer to construct. One such research was presented in the papers by Qi et al. [109, 

110] who have developed a PTD tool which automatically checks imported BIM models and 

alerts users on how construction safety can be improved. The report generated by the tool “lists 

detected design errors that violate specific rules in the knowledge base and the graphs explicitly 

show building structures or building areas where design alternatives are available to avoid 

construction worker injuries.” [109] 
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Kamardeen [106] proposed a 3D+Safety model analysis approach which would enable 

designers to understand the safety consequences of their design decisions by automatically 

detecting and flagging potential safety risks. The developed tool would be able to perform 

hazard audits on BIM models and make suggestions for design revision. 

3.2.3. BIM for safety issues related to temporary structures 

Temporary structures such as scaffolds, shoring, falsework, temporary stair towers and cranes 

all have significant impact on construction safety but are rarely modelled in BIM. To address 

this issue Kim and Cho [77] attempted to automatically generate required temporary structures 

and analyse their associated safety risk. In this research they focused on temporary stair towers 

and developed a set of algorithms which analyse the geometric conditions of BIM models and 

generate the required temporary structures. 

Kim and Ahn [112] established a procedure for assessing possible hazards by visually 

presenting falsework objects and their locations. Their prototype is mainly focused on designing 

scaffolds, but could be developed to include more types of temporary facilities. Chi et al. [58] 

have also focused on safety issues related to temporary structures by developing “modularised 

scaffolding and formwork objects that will allow designers to easily incorporate them into BIM 

models to facilitate smarter and safer infrastructure and building construction”. 

3.2.4. BIM for rule checking 

Previous paragraphs have already shown how rule checking systems can be used in conjunction 

with hazard identification, but they can also be used independently and for checking a wide 

variety of parameters. Automated rule checking can be defined as “software that does not 

modify a building design, but rather assesses a design on the basis of the configuration of 

objects, their relations or attributes. Rule-based systems apply rules, constraints or conditions 

to a proposed design, with results such as “pass”, “fail” or “warning”, or “unknown” for cases 

where the needed data is incomplete or missing [120]. 

 

3.3. BIM and other innovative technologies 

BIM is also often used as a starting point for other innovative technologies or used in 

cooperation with other technologies. Table 7 shows all such research where BIM is used in 

combination with other technologies to improve construction H&S. 

 



47 
 

Table 7. Research combining BIM with other innovative technologies 

Title of the tool (if applicable) and title of 
the paper 

Technology 
type(s) 

Application(s) Reference 

Information Retrieval Framework for Hazard 
Identification in Construction 

BIM, database 
Automated information 
retrieval 

[125] 

CoSMoS 
CoSMoS: A BIM and wireless sensor based 
integrated solution for worker safety in 
confined spaces 

BIM, wireless 
sensors 

Hazard identification 
(confined spaces) 

[126] 

Challenges in Data Management When 
Monitoring Confined Spaces Using BIM and 
Wireless Sensor Technology 

BIM, wireless 
sensors 

Hazard identification 
(confined spaces) 

[127] 

INTEGRATING SAFETY AND BIM: 
AUTOMATED CONSTRUCTION 
HAZARD IDENTIFICATION AND 
PREVENTION 

BIM, ontology 

Hazard identification 
(fall hazards and 
congestion hazards), Job 
hazard analysis, rule 
checking, design 
evaluation 

[3] 

Automated hazardous area identification 
using laborers' actual and optimal routes 

BIM, RFID 

Hazard identification 
(hazards from moving 
through a construction 
site) 

[128] 

CAVE 
Building safely by design 

BIM, VR 
Hazard identification, 
education 

[129] 

Ontology-Based Semantic Modeling of 
Safety Management Knowledge 

BIM, Ontology 
Hazard identification, 
Job hazard analysis 

[73] 

Geotechnical and safety protective equipment 
planning using range point cloud data and 
rule checking in building information 
modeling 

BIM, Laser 
scanning, point 
cloud 

Hazard identification, 
rule checking 

[130] 

Ontology-based semantic modeling of 
construction safety knowledge: Towards 
automated safety planning for job hazard 
analysis (JHA) 

BIM, Ontology Job hazard analysis [73] 

Information Retrieval Framework for Hazard 
Identification in Construction 

BIM, database 
Automated information 
retrieval 

[125] 

SAVES 
Design and Development of SAVES: A 
Construction Safety Training Augmented 
Virtuality Environment for Hazard 
Recognition and Severity Identification 

BIM, AV Safety training [67] 

SAVES 
SAVES: AN AUGMENTED VIRTUALITY 
STRATEGY FOR TRAINING 
CONSTRUCTION HAZARD 
RECOGNITION 

BIM, AV Safety training [18] 

Construction safety training using immersive 
virtual reality 

BIM, VR Safety training [131] 

A BIM-RFID Unsafe On-site Behavior 
Warning System 

BIM, RFID Sensing and warning [132] 

A framework for construction safety 
management and visualization system 

BIM, AR, 
Game 
technologies 

Visualisation, education [133] 
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CAVE 
Hazard recognition and risk perception in 
construction 

VR, BIM 
Visualisation, other - 
hazard identification 
testing 

[134] 

Safety by design: dialogues between 
designers builders using virtual reality 

VR, BIM 
Visualisation, other - 
testing collaboration 
potential 

[135] 

 

3.3.1. BIM and other technologies used for hazard identification 

BIM can be used in combination with other technologies to enable different types of hazard 

identification. When used in combination with wireless sensors, BIM can be used to improve 

monitoring of confined spaces on construction sites. Riaz et al. [126, 127] have combined BIM 

with a Wireless Sensors Network to remotely monitor temperature and oxygen level values. 

They have developed a prototype that “collects real-time temperature and oxygen data remotely 

from wireless sensors placed at confined spaces on a construction site; notifies H&S managers 

with information needed to make decisions for evacuation planning; and ultimately attempts to 

analyse sensor data to reduce emergency situations encountered by workers operating in 

confined environments.” 

Another combination of BIM and sensors used for identifying construction hazards was 

developed by Kim et al. [128] who propose an automated hazardous area identification model 

based on the deviation between the optimal and actual route. The optimal route from any two 

points can be calculated from BIM models and the actual route is collected through a RFID 

enabled real-time location system. The authors hypothesise that deviation from the optimal 

route suggests that a hazard is present on the route and that is why the worker deviated from 

the calculated optimal route. 

Wang et al. [130] have combined BIM with laser scanning and point cloud generation to 

identify fall and cave-in hazards. The first step described in the research is to generate a 3D 

point cloud model of an excavation pit. An algorithm then extracts the height information from 

the model and identifies and locates potential fall hazards and cave-in hazards based on the 

developed rule-sets. The presented method automatically identifies these two hazard types, 

visualizes the pit, the hazards, and the required protective safety equipment in a BIM model. 

A database is also one of the technologies that can be integrated with BIM for the purpose of 

hazard identification. Zhang in her PhD thesis [3] proposes automated identification of two 

hazard types. The first type are fall hazards which were already discussed in the previous section 

and the second type are congestion hazards. The research proposes using GPS to gather location 



49 
 

data of workers conducting activities on different element types to determine the workspace 

shape and size for each of the activities for each building element. Knowing what area the 

workers occupy while conducting their activities can be used to model occupancy of the 

construction site. Connecting this information to the construction schedule can provide 

temporal and spatial locations of workers, which could be used to identify workplace 

congestion. Her thesis also proposes an automated Job Hazard Analysis (JHA), but that aspect 

will be discussed separately in its own section. 

3.3.2. BIM and other technologies used for Job Hazard Analysis 

Two sets of research regarding Job Hazard Analysis were identified through the literature 

review. One by Zhang and her research group who have developed Construction Safety 

Ontology [3, 73, 136] and the other by Sacks and Rosenfeld [2, 4, 16] who have developed the 

CHASTE tool. They both have the goal to identify hazards faced by workers on the construction 

site and they both integrate BIM with a database, or rather a 3D model of a building, since 

CHASTE research does not explicitly need BIM models, only digital 3D models connected to 

the construction plan. 

Given that performing JHA is generally time-consuming, labour-intensive and that the 

construction schedule often changes, Zhang has developed an application to automate the JHA 

process by integrating the JHA database with BIM models [3]. The objective of the research 

was to investigate a new approach to organize, store and re-use construction safety knowledge. 

This was achieved by developing the Construction Safety Ontology whose purpose was not 

only to formalise current construction safety knowledge but also to support hazard identification 

and mitigation through BIM. The ontology consists of three models: Construction Product 

Model, Construction Process Model and Construction Safety Model. The product model 

contains information about building elements and provides the main interface for connecting 

the ontology and BIM; the process model contains the construction plan and the resources 

needed to complete construction activities such as equipment, materials and labour; and the 

safety model contains safety-related knowledge such as potential hazards, specifications from 

regulations, mitigation recommendations and safety resources [73]. 

CHASTE has adopted a different conceptual approach to overcome the problems of hazard 

identification in construction. It is a conceptual model that enables forecasting safety risks at 

appropriate levels of detail and reliability in construction or in any other project-based 

production system with dynamic environments [16]. The fundamental difference is that 
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accidents are replaced with loss-of-control events and the potential for any worker to be exposed 

to them [2]. Another difference from earlier research is that CHASTE explicitly accounts for 

the fact that construction workers are frequently endangered by workers performing other 

activities [16]. An important distinction to make is that the developed algorithms for the 

CHASTE method do not calculate the probability of an accident occurring. They calculate the 

probability that a potential victim will be exposed to a loss-of-control event which could lead 

to an accident [4]. 

To enable such hazard identification and risk assessment a Construction Job Hazard Analysis 

(CJSA) was developed. The CJSA is loosely based on the standard JSA approach to safety 

planning in manufacturing industries, but contains information needed for the CHASTE 

approach to compute the predicted levels of risk for the activities of each specific project [2]. 

Risk is not assessed as a function of the likelihood of an accident occurring and its potential 

severity but rather through three parameters [2]: 1. the probability of a loss-of-control event 

occurring; 2. exposure of potential victims in time and space (spatial exposure and temporal 

exposure, respectively); 3. the likely severity of an accident. In addition to the CJSA database, 

the CHASTE model requires a computerised construction schedule and a digital building model 

of the construction site and the building under construction [16]. 

3.3.3. BIM and other technologies for safety training 

BIM can also be used as a foundation for other technologies: for producing 3D building models 

which are then used in Virtual Reality (VR), Augmented Reality (AR), Augmented Virtuality 

(AV) or in serious game technologies. These technologies are used mostly for safety training 

and for visualising construction sequence. 

Safety training in general aims to improve the capability of hazard recognition. Chen et al.  [18] 

state that: “Improving the capability of hazard recognition in construction work is frequently 

identified as the first step towards building all other safety procedures. Without sufficient 

awareness and proper training on hazard recognition, even the best safety programs would not 

touch their desired expectations.” To that end, they have developed the System for Augmented 

Virtuality Environment Safety (SAVES). SAVES is an application which integrates BIM 

models with 2D images to interactively train construction workers on hazard identification and 

on safe working procedures [67]. 

The authors have hypothesised that 3D style teaching could achieve much higher retention rates 

than traditional training methods [67]. Their system uses Augmented Virtuality (AV) instead 
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of VR or AR, since VR does not offer realistic enough graphics and AR would require visiting 

construction sites. The results of their research have shown that “SAVES makes safety practical 

learning more active and engaging since it allows for safe simulation of real-life events in a 

digital environment that might otherwise be too dangerous or expensive” [67]. 

Another innovative technology used for safety training is Virtual Reality. Sacks et. al [131] 

define VR as “a technology that uses computers, software and peripheral hardware to generate 

a simulated environment for its user”. They also tested the hypothesis that safety training using 

innovative methods (in their case VR) would be feasible, more effective and would result in 

higher recall in identifying and assessing construction safety risks than equivalent training using 

conventional safety training methods. To test the hypothesis, one group of construction workers 

were trained using traditional methods and another group received safety training using VR 

CAVE (Cave Automatic Virtual Environment), a type of VR technology. The results of tests 

administered immediately after the training and one month later have both confirmed better 

retention of knowledge gained through VR safety training. 

Safety training can also be conducted through the use of Serious Games. Zhang and Issa [137] 

define Serious Games as video games which are focused on supporting activities such as 

education, training, health, advertising, or social change. They proposed a method for gathering 

the behaviour of players in an emergency evacuation scenario. Lin et al. [138] have also used 

serious games for safety education. Their game, Safety Inspector, aims to provide a 

comprehensive safety training environment in which students assume the roles of safety 

inspectors and walk through the virtual construction site to identify potential hazards.  

 

3.4. Research not including BIM 

The previous two subsections have described research into H&S which includes the use of BIM. 

There are of course other innovative technologies which, among others, include 4D CAD, GIS, 

databases and knowledge-based systems. Table 8 gives a full list of H&S research in innovative 

technologies identified in this literature review. 
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Table 8. H&S research in innovative technologies that does not include BIM 

Title of the tool (if applicable) and title of 
the paper 

Technology 
type(s) 

Application(s) Reference 

Automated content analysis for construction 
safety: A natural language processing system 
to extract precursors and outcomes from 
unstructured injury reports 

Natural language 
processing 

Data extraction and 
structuring 

[139] 

Safety Hazard Identification on Construction 
Projects 

Database 
Decision support 
system 

[66] 

Computer-aided DSS for safety monitoring of 
geotechnical construction 

GIS 
Decision support 
system 

[140] 

OHS Log 
INTEGRATED SAFETY IN DESIGN 

Conceptual 
framework 

Design for Safety 
suggestions 

[141] 

Design for Construction Safety ToolBox 
TOOL TO DESIGN FOR CONSTRUCTION 
WORKER SAFETY 

Database 
Design for Safety 
suggestions 

[98] 

ToolSHeD 
ToolSHeD™: The development and 
evaluation of a decision support tool for health 
and safety in construction design 

Knowledge-based 
system 

Design for Safety 
suggestions 

[142] 

The development of a knowledge based 
system to deliver health and safety 
information to designers in the construction 
industry 

Knowledge-based 
system 

Design for Safety 
suggestions 

[19] 

MAARD 
PREVENTION GUIDE FOR DESIGNERS 
BASED ON ANALYSIS OF ABOUT 2000 
ACCIDENTS 

Management 
model 

Design for Safety 
suggestions 

[143] 

Integrative Model for Quantitative Evaluation 
of Safety on Construction Sites with Tower 
Cranes 

Model for  
quantitative 
evaluation of safety 
levels 

H&S issues with 
temporary structures 

[38] 

Application of 4D visualization technology for 
safety management in metro construction 

4D CAD 
Hazard 
identification 

[143] 

ASPP 
Automated safety planning approach for 
residential construction sites in Malaysia 

Database 
Hazard 
identification 

[81] 

Application of geographic information 
systems in construction safety planning 

GIS, database 
Hazard 
identification 

[75] 

PECASO 
Dynamic quantification and analysis of the 
construction workspace congestion utilising 
4D visualisation 

4D CAD 

Hazard 
identification 
(workplace 
congestion hazards) 

[144] 

CHAIR 
SAFETY IN DESIGN TOOL 

Prompt words 

Hazard 
identification, 
Design for Safety 
suggestions 

[145] 

CHASTE 
Construction Job Safety Analysis 

Database 
Hazard 
identification, Job 
hazard analysis 

[2] 

CHASTE 
‘CHASTE’: construction hazard assessment 
with spatial and temporal exposure 

Database 
Hazard 
identification, Job 
hazard analysis 

[16] 
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CHASTE 
Spatial and Temporal Exposure to Safety 
Hazards in Construction 

Database 
Hazard 
identification, Job 
hazard analysis 

[4] 

Activity-Based Safety Risk Quantification for 
Concrete Formwork Construction 

Risk assessment 
software 

Hazard 
identification, risk 
classification 

[43] 

Design-for-Safety-Process Tool 
Capturing Safety Knowledge Using Design-
for-Safety-Process Tool 

Knowledge-based 
system 

Hazard 
identification, safety 
training 

[146] 

Design-for-Safety-Process Tool 
Integration of virtually real construction 
model and design-for-safety-process database 

Knowledge-based 
system 

Hazard 
identification, safety 
training 

[147] 

VP-based safety management in large-scale 
construction projects: A conceptual 
framework 

Virtual prototyping 
Hazard 
identification, safety 
training 

[148] 

CVP 
The use of virtual prototyping for hazard 
identification in the early design stage 

VR, 4D CAD 
Hazard 
identification, 
visualisation 

[149] 

CHSM 
CSHM: Web-based safety and health 
monitoring system for construction 
management 

Web-based system 

Monitoring and 
assessing 
construction H&S 
performance 

[150] 

Heat map generation for predictive safety 
planning: Preventing struck-by and near miss 
interactions between workers-on-foot and 
construction equipment 

Hazard index heat 
map 

Preventing struck-
by hazards 

[151] 

Risk Assessor Model 
Risk Assessment in Construction 

Risk assessment 
software 

Quantifying safety 
risk for activities 

[78] 

SliDeRulE 
Quantification and Assessment of Safety Risk 
in the Design of Multistory Buildings 

Online tool 
Quantifying safety 
risk for building 
elements 

[15] 

Safety planning and control model 
Safety and production: an integrated planning 
and control model 

Safety management 
tool 

Safety planning [152] 

A PILOT STUDY OF A 3D GAME 
ENVIRONMENT FOR CONSTRUCTION 
SAFETY EDUCATION 

Serious games Safety training [138] 

Predicting movements of onsite workers and 
mobile equipment for enhancing construction 
site safety 

Sensing 
technologies 
(cameras) 

Sensing and 
warning 

[153] 

Autonomous pro-active real-time construction 
worker and equipment operator proximity 
safety alert system 

Sensing 
technologies 
(RFID) 

Sensing and 
warning 

[39] 

Recommendations for Evaluating & 
Implementing Proximity Warning Systems on 
Surface Mining Equipment 

Sensing 
technologies 
(RFID, radar, 
sonar, infrared, 
sonar, cameras) 

Sensing and 
warning 

[154] 
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3.4.1. Innovative technologies for hazard identification 

A technology conceptually similar to BIM but focused on the surroundings of the building 

element is Geographic Information System (GIS). An example of using GIS for hazard 

identification is presented in a paper by Bansal [75]. In the paper, he discusses “the use of GIS 

in the development of safety database from which safety information are retrieved and linked 

with the activities of the schedule or components of a building model. 4D modelling along with 

topographical conditions and safety database in a single environment assist safety planner in 

examining what safety measures are required when, where and why” [75]. The motivation for 

including GIS in H&S research lies in the fact that BIM and 4D CAD cannot include all the 

factors which influence construction safety. He therefore proposes that including the geospatial 

analysis capabilities of GIS on a single platform with a 3D model and 4D scheduling may help 

in an effective safety planning process. The research results have shown that using GIS with 

the developed safety database helped in identifying safety hazards and in analysing what safety 

measures are needed when, where and why [75]. 

Another technology used for hazard identification, which is even more similar to BIM, is 4D 

CAD. Both include 3D visual representations of building elements, and construction schedules 

can be connected with model elements in both technology types, but the elements in 4D CAD 

lack additional parametric information. Therefore, although similar, these two technologies 

were separated in this research review. Mallasi [144] has used 4D CAD to identify and minimise 

workspace congestion between the execution space of construction activities. In his research, 

he developed a methodology and a tool to assist planners with the assignment of activities’ 

execution space, as well as identification and visualisation of workspace congestion. Mallasi 

developed the Critical Space-time Analysis (CSA) approach to model and quantify workspace 

congestions which are calculated and presented in an innovative visual 4D CAD tool dubbed 

PECASO (Patterns Execution and Critical Analysis of Site-space Organisation). Through 

manual evaluation of the case study results, Mallasi concludes that [144]: “the PECASO CSA 

approach is expected to increase the planner’s awareness in workspace planning”. 

Benjaoran and Bhoka [155] have also used 4D CAD as a starting technology and they 

developed a rule-based system which analyses design information to automatically detect 

falling hazards and to indicate necessary safety measures. This research, unlike other fall-hazard 

related research, does not use BIM, but rather 4D CAD. The model elements are traditional 3D 

objects combined with a construction schedule. The authors succeeded in developing an 

integrated system for safety and construction management that incorporates safety measures 
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early into the designs and plans, and the system helps all participants to consider and prepare 

for safety constraints before that work is actually executed. 

A paper by Chan King et al. [149] also describes a tool which utilises 4D CAD for hazard 

identification. They have developed a multidimensional simulation tool called Construction 

Virtual Prototyping (CVP). This tool utilises 3D models and simulation of worker behaviour to 

model and visualise the construction process, thus allowing users to simulate construction 

processes in a 3D environment before construction takes place. CVP was tested in a case study, 

which confirmed that CVP enabled users to identify hazards which would otherwise be difficult 

to identify. 

All research efforts previously described in this subsection have used a type of 3D model in 

their hazard identification process. Zolfagharian et al. [81] have shown that 3D models are not 

necessary for hazard identification. Their research proposed an Automated Safety Planning 

Plug-in (ASPP), a plug-in for scheduling software applications whose objective is to mitigate 

the occurrence of construction accidents. The tool extracts construction activities from 

computer-based schedules, integrates construction schedules with construction safety databases 

(construction safety hazard database, risk assessment database and safety measure database) 

and identifies risk levels, safety regulations and hazards related to each of the activities. The 

risk levels of each activity are calculated as a summation of risk levels of related construction 

hazards. The contribution of this research is the development of “…an automated computer-

based safety planning tool for residential buildings. This contribution will help project/safety 

managers, especially less-experienced managers, to access a comprehensive overview of 

probable accidents and safety measures across construction processes.” [81] 

3.4.2. Innovative technologies for hazard identification and safety training 

Some technologies integrate more than one application. One such combination is the use of 

innovative technologies for hazard identification and safety training. This combination is 

expected, since safety training most often includes training construction site workers to identify 

hazards. 

Hadikusumo and Rowlinson [146, 147] have developed a design-for-safety-process (DFSP) 

tool. The tool aims to accomplish three tasks: capture safety knowledge from safety engineers, 

assist safety engineers in identifying construction hazards and train students and inexperienced 

safety engineers [146]. The DFSP tool is therefore first used as an innovative method to capture 

the knowledge of safety engineers in identifying safety hazards at construction sites and 
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accident precautions. The captured knowledge is then entered in the DFSP database, which is 

one of the three components of the tool, the other two being the virtually real construction model 

and virtual reality functions [147]. Integration of these components helps to identify safety 

hazards that are produced at the design stage by enabling the user to do a walk-through in the 

virtually real project. The DFSP tool can also list possible hazards and accident precautions for 

selected model components [147]. 

Virtual prototyping (VP) is another technology that can be used in hazard identification and 

safety training. Guo et al. [148] define VP as a “computer aided design and manufacturing 

process with construction of digital product models (virtual prototypes) and realistic graphical 

simulations”. They have developed a conceptual framework of adopting VP technology to aid 

in construction safety management. The framework consists of three components: modelling 

and simulation, identification of unsafe factors and safety training. A real-life case study 

presented in the paper demonstrated that VP can provide a virtual experimentation platform for 

identifying safety problems in construction processes [148]. 

Cheung et al. [150] have developed a web-based system for monitoring and assessing 

construction safety and health performance, titled the Construction Safety and Health 

Monitoring (CSHM) system. Their paper demonstrates that performance measurement can be 

streamlined through integration with database, web, and expert systems and that CSHM can be 

used as a detector of potential risks and hazards [150]. The knowledgebase included in CSHM 

contains expert advice and guidelines that are important for safety and health management and 

which complements the automated assessment system by providing practical advice to problem 

areas identified and by simultaneously educating the user [150].  

3.4.3. Innovative technologies for sensing and warning 

A subset of hazard identification research are the sensing and warning technologies. In essence, 

their goal is to eliminate collision hazards and identify them before they occur. Several different 

types of technologies are used for identifying collision hazards. They include RFID, GPS, radar 

systems, sonar systems, cameras and infrared cameras. Although a large number of 

technologies are available, the industry is still reluctant to implement proximity warning 

systems due to a lack of field testing and research to determine the effectiveness of the systems, 

poor reliability due to possibly high false alarm rates, and poor reliability and high maintenance 

requirements due to the harsh environment [154]. The National Institute for Occupational 

Safety and Health (NIOSH) has compared various types of proximity technologies and has 
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ascertained that each individual technology has some limitations such as maximum detection 

range, setup difficulty, high cost, large number of false alarms and inapplicability to 

construction environments [154]. However, a combination of more than one technology could 

potentially overcome the drawbacks of any single technology since such combination would 

[154]: “provide redundancy; allow for both close-in detection at low speeds and long range 

detection at higher speeds; provide visual verification of an obstacle’s presence and location; 

integrate road edge detection; and decrease nuisance and false alarms.” 

Teizer et al. have presented the development of such a sensing and warning system in their 

paper [39]. The objective of their research was to increase situational awareness and safety in 

construction activities which include construction machinery by utilizing an autonomous 

wireless pro-active real-time warning device. The technology alerts both workers and 

equipment operators when the proximity between the antenna (installed on the equipment) and 

the receiver (carried by workers) gets too close. Field trials were carried out on real construction 

sites which proved that the developed system was effective at alerting personnel of the 

proximity of danger through auditory, visual and vibrating alarms even in loud environments 

such as construction sites [39]. 

A conceptually different method is presented by Zhu et al. [153]. Their research proposed the 

use of Kalman filters to predict movements of workers and mobile equipment on construction 

sites using multiple cameras as input. Lindsey [156] defines a Kalman filter as an optimal 

estimator that is able to infer parameters of interest from indirect, inaccurate and uncertain 

observations. Zhu et al. have designed the filter to model motions of workers and equipment 

based on a series of position measurements and to predict future positions of onsite workers 

and mobile equipment [153]. This information could then be used to create a pro-active warning 

system to prevent potential collisions on the construction site. An advantage of this method is 

that it does not require installing remote sensors on either equipment or workers, which incurs 

additional costs and is in some cases impossible since the equipment cannot be physically 

tagged. 

 

3.5. Similarities and differences from the proposed research 

The research presented in this dissertation deals primarily with hazard identification, although 

it could be expanded to include safety training. As a technological basis it uses an integration 

of BIM and a specially developed database. Therefore, most similarities between the proposed 
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Hazard Integration System (System) and the research reviewed in this chapter exist in the 

research dealing with hazard identification. Extensive literature review showed that the 

reviewed literature does not already contain a hazard identification tool such as the one 

presented in this dissertation. This section will list the similarities and differences between the 

developed System and reviewed research. 

The System has little resemblance to the research focused on fall hazard identification, besides 

the fact that both use BIM for automated hazard identification. This research also identifies 

potential fall hazards by checking whether any of the model elements are close to a leading 

edge, and if they are, the System assigns fall hazards to all construction workers conducting 

work on such elements.  

Congestion hazards are also identifiable in the presented research. To identify and assign 

potential construction hazards, the proposed research requires a construction schedule to be 

linked to BIM model elements to identify temporal overlapping of construction activities. 

Spatial information can easily be extracted from BIM models, and if work is carried out during 

the same time at the same location, congestion hazards are assigned to the construction workers 

whose work areas overlap.  

Hazards related to temporary structures and temporary works are also included in the proposed 

research. The Construction Hazard Database, which was developed as part of this research, 

contains hazards related to temporary structures and does not require them to be explicitly 

modelled in BIM, since the hazards are attributed to activities which require the use of 

temporary structures. Falls from the edge of an excavation pit could not be identified by the 

System in its current state since the System is currently focused on activities which result in 

constructing the building’s structural elements. Those hazards are, however, included in the 

Database. Cave-in hazards, on the other hand, could be attributed to all the workers conducting 

activities on building elements whose location is under the level of the terrain, such as 

foundations and other structural elements on underground levels. 

The System in the current stage does not explicitly identify hazards related to confined spaces, 

but could be expanded to include them. Dangerous areas could either be specifically designated 

in BIM models, or the System could detect whether a work space constitutes as a confined space 

or not by calculating the floor area or the volume of the workplace. If either of those values is 

smaller than a predetermined value, hazards related to confined spaces would be assigned to 

workers conducting activities in these areas. 
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Collision hazards and their identification are currently not possible in the Hazard Integration 

System. This is because construction equipment is usually not modelled in BIM and the System 

would require the existence of a BIM model element to predict the occurrence of a collision 

hazard. To at least partially address this issue, collision hazard has been included in the 

Database as a general construction hazard to which all workers are exposed. 

The most similar researches to the one presented in this dissertation are the two sets of research 

regarding Job Hazard Analysis. Both of those research efforts aim to automate hazard 

identification by integrating BIM (or 3D models) with a specially developed database. JHA 

developed by Zhang integrates BIM models with a database which contains building models, 

activities and potential hazards. The premise is similar to the one presented in this research, 

however, the method of assigning hazards to BIM model elements is different, as is the database 

structure and content. Furthermore, the Construction Hazards Database is broader and can be 

expanded to include any type of hazard. This research also presents different hazard types, 

which are not included in Zhang’s JHA, specifically peer-induced hazards. 

The CHASTE method’s similarity, on the other hand, is the inclusion of hazards posed by one 

workgroup upon workers of another workgroup. In this research, this hazard type was named 

peer-induced hazards. To be able to assign such hazards, CHASTE needs to contain all relevant 

information to calculate spatial and temporal exposure. The Hazard Integration System also 

assigns peer-induced hazards by first checking which activities are performed at the same time 

and in the same location. The greatest difference between these two researches is that CHASTE 

does not identify hazards as such, but rather the probability that a worker will be exposed to a 

loss-of-control event which could possibly lead to an accident. 

Since the results of the System could be used for safety training, certain similarities can be 

found with safety-training centred research. The resulting hazard list can be used to inform 

construction workers which hazards they are exposed to at any point in time, and which hazards 

they pose, both to themselves and to their colleagues. This makes it an extremely focused safety 

training, unlike the safety training described in the previous research which aims to increase the 

skill of hazard identification. 
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4. Hazard Integration System 

4.1. System description 

The Hazard Integration System (abbreviated as System in the text), developed in the research 

presented in this dissertation, aims to provide an easy and automated way to identify the 

potential hazards present on the construction site during the construction phase. In addition to 

the construction phase, the System can also be used both during the design phase and during 

the preconstruction phase, thus potentially benefiting both the designer and the contractor. The 

System can also be re-run at any point both during design and during construction to gain 

accurate information on construction hazards if any changes occur. 

The basic premise of the System is that all elements of the BIM model, which represent real 

elements of the building under construction, are constructed from a known and finite number 

of individual construction activities. Those construction activities are performed by 

construction workers and generate construction hazards while they are being performed, 

potentially exposing both the workers performing the activity (self-exposure) and the workers 

who are in the range of the hazard (peer-exposure). The hazards, based on which workgroup is 

affected, are defined as either self-induced hazards or peer-induced hazards. Additionally, if a 

hazard’s radius is so large that it affects a large proportion of the construction site, such hazards 

are then called global hazards. These hazard types will be described and discussed in more 

detail later in this chapter and in the chapter describing the developed Construction Hazards 

Database (abbreviated as Database in the text). 

The interaction, shown in Figure 11, between the BIM model element (E), the activity (A), the 

hazard (H) and the worker (W) is at the core of the System. The elements are constructed by 

activities, the activities produce hazards, workers are exposed to hazards and workers perform 

the activities. 

 

Figure 11. Interaction between the building element (E), construction activity (A), construction hazard (H) and 
construction workers (W) 
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4.2. Rationale for the database approach 

The basic prerequisite for the System is the existence of a BIM model. Moreover, the model 

needs to be modelled correctly since the Database links to the type and material properties of 

the element. For example, a column needs to be modelled as a column and not as a short wall, 

since different construction activities may be used for column and wall construction, therefore 

resulting in potentially different construction hazards. The material properties of BIM model 

elements are important for a similar reason. Different construction activities are needed for 

constructing a concrete and a reinforced concrete wall, or for constructing a reinforced concrete 

beam and a prestressed concrete beam. Differences in activities and hazards are even greater 

when comparing different material types, for example a masonry wall and a concrete wall. 

Another basic prerequisite is the existence of data on construction hazards available in a usable 

format. There are two fundamental ways of integrating hazard information into BIM. Perhaps 

the most intuitive would be to add safety-related information directly into BIM elements as an 

additional parametric property. This would, however, be a time-consuming task and the results 

could potentially be inaccurate, at least without further input from the user.  

Some BIM modelling software (for instance Revit) has BIM model elements structured into 

“families” where the elements, such as slabs, made from the same material but with different 

thicknesses belong to two similar but separate families. Since they are the same construction 

element, with only one varying dimension, it is safe to assume that all potential hazards are the 

same for both of them. However, those hazards would need to be integrated into their parametric 

properties separately for each one through their respective family editors. Additionally, since 

BIM authoring software allows for the manual creation and import of model elements, the user 

would need to check whether hazard information is integrated into the element’s properties and 

input it himself if it is not. 

Different construction methods (construction technologies) are another potential issue with this 

type of hazard information integration. Construction elements may be constructed in several 

different ways, which can have different potential hazards, with the simplest example being the 

difference between cast-in-place and prefabricated construction. Finally, some elements such 

as concrete structural elements are constructed in separate phases, by different construction 

worker groups and in separate places, both spatially and temporarily. There could also be 

difficulties in integrating the construction schedule into BIM if there is a one-to-many 

relationship between the model elements and construction processes required to construct the 
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element. Having these limitations in mind, it would be impractical and complicated to model 

all possible combinations directly in the parametric properties of a BIM model element. 

The database approach, on the other hand, offers some flexibility. The System is envisioned to 

check the type and material properties of all the BIM model elements and to determine its 

hazards from their respective entries in the Database. From the System and Database 

perspective, most of the individual properties of elements are not important since, for example, 

the construction of all cast-in-place concrete slabs may possess the same hazards to the 

construction workers, regardless of whether the slab is 20, 25 or 30 centimetres thick. Model 

element size and location are other parameters which also play a part in determining the 

potential construction hazards but are not important for direct integration or integration through 

a database discussion. 

The second potential issue can also be mitigated through the Database. Different construction 

methods can be anticipated and input into the hazard database entry for the element type. The 

user only needs to be asked to define the construction method for all the elements of a certain 

type, or for each element individually. The System then chooses only the hazards associated 

with the selected construction methods and ignores the rest. This approach speeds up the 

process and is still completely accurate, fully customisable and flexible. Finally, the third 

benefit for using the Database is in the simplicity of handling the construction of the building 

elements that require several different activities (even those separated from each other in time 

and space) and in integrating the schedule information with model elements, since time 

schedules already show the sequence of construction activities, not building elements 

Regarding the databases, a new question arises with the decision to use such an approach: 

whether to use a single database, or to split the database in two parts, one with the construction 

process information and the other with construction hazard information. This research uses one 

database specifically designed for use with the System. It does, however, consist of two sets of 

information: the construction process information (contains construction activities) and 

construction hazard information (contains construction hazards). The first is used to assign 

construction activities to BIM elements and the second assigns hazards to construction 

activities. 

IDEF0 models of the proposed System depicted in the following chapters show the developed 

Construction Hazards Database as two separate databases, only to show which information 

from the Database is needed or used during a certain process activity. The BPMN 2.0 model 
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shows the Database as a single element due to the modelling requirements. Further discussion 

on this topic will continue in the next section, which is focused on the Database itself. 

 

4.3. Tool type 

This dissertation presents the Hazard Integration System as a tool for integrating the existing 

BIM authoring software and the Construction Hazard Database, also presented in this 

dissertation. There are different ways to achieve the integration, including but not limited to 

three possible types of tools [120]: 

 Plug-in software or add-on in existing BIM based tools [3, 41, 80, 126]; 

 Separate software package capable of importing BIM models [106]; 

 Web-based tools, such as BIM Server [109]. 

Each integration method (tool type) has its advantages and disadvantages. The plug-in might 

be the easiest to implement since it would work natively in an existing software package such 

as some commercial BIM authoring software (e.g. Autodesk Revit [157], Tekla structures 

[158], Archicad [159]). Some already have their own integrated programming tools, such as the 

Application Programming Interface (API), which is similar to the Visual Basic for Applications 

(VBA) present in the MS Office software suite. The main drawback in this case would, of 

course, be the limitation to only one BIM authoring software. Due to possible issues with data 

interoperability, only the natively designed BIM models could be run by the System. Another 

potential issue is the limit of the programming capabilities of the integrated programming tool.  

A separate software package might be programmed in such a way to enable model import from 

virtually any BIM modelling software, either directly or through the IFC schema, and would be 

less susceptible to the limits of the programming language used. Moreover, some simple 

modelling capabilities could be integrated into the software itself. However, a significantly 

larger effort would be required in the programming aspect of the software development process. 

Additionally, IFC is a complicated and data redundant modelling schema and clearer definitions 

for implementation are required [3]. An example of a standalone model-checking software is 

the Solibri Model Checker [160], with various capabilities such as clash detection and 

automated rule checking. 

Web based tools offer another potential way of integrating BIM models with the proposed 

Construction Hazard Database. The System may be modelled as a web-based interface onto 
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which the users would import their BIM models (due to possible interoperability issues most 

likely only in IFC format) in which case the Construction Hazard Database could also be cloud 

based. Advantages of such a System are in the already present infrastructure to conduct the 

upload and checking capabilities, in the capability to import any BIM model in the IFC format 

and in global availability to the user without the need to install additional software. Moreover, 

since both the System and the Database are located on the server, there are no hardware 

requirements on the user’s side and any updates to either System or Database are centralised 

and done automatically on the server. The downside is the server cost and upkeep, as well as 

added complexity to the entire process. 

For the purpose of this research in its current stage, however, it is not necessary to make a 

decision on which type of interaction the System will have with BIM models, since the scope 

is limited to the process modelling stage of the proposed System and Database. Core processes 

developed in the research are conceptually applicable to all methods, while in the cases of 

standalone and web-based software additional process modelling and subsequent programing 

would be required. Therefore, since the basic principles are the same for all three tool types and 

since other processes needed for enabling web-based or standalone software solutions are not 

in the scope of the research (nor are they related to Health and Safety or BIM issues), for the 

remainder of the dissertation it will be assumed that the proposed Hazard Integration System 

for incorporation of H&S into BIM will work as a plug-in into an existing BIM authoring 

software. 

 

4.4. Requirements 

For the System to work as intended a few basic requirements need to be met. Obviously, the 

first prerequisite is the existence of a BIM model. BIM is gaining more and more support in the 

construction industry with some countries even prescribing the use of BIM in certain types of 

construction projects. However, it is still not implemented on a large scale and sometimes, even 

if BIM software may be used for design, it is not used to its full potential, i.e., the BIM software 

is used only for the aspect of 3D modelling. If a BIM model of a building does not exist, a BIM 

model of the object would first need to be created to be able to use the System. 

In light of this limitation, a question of viability of using BIM arises. Indeed, 3D CAD drawings 

could be used for automated hazard identification, but in a limited capacity. A hazard 

identification tool would first need to apply additional properties to the 3D elements, such as 
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which building element it is, assign material properties (define which material the element is 

made of), etc., ostensibly manually transforming the 3D model to a partial BIM model. A 2D 

CAD model in combination with a bill of quantities would require an even larger preparation 

effort to be usable by an automated Hazard Identification System. Therefore, since BIM models 

already have all the prerequisite information by default, they were chosen as the base input of 

the System. Full applicability of the System can be expected when BIM adoption spreads even 

further and BIM becomes the modelling standard in the AEC (architecture, engineering and 

construction) industry. 

It is further required for BIM models to be as accurate as possible and for elements to be 

modelled correctly. Since the System queries the BIM model elements, it is imperative that they 

are properly defined in the model. For example, a cast-in-place concrete column may be 

modelled as a short concrete wall and for the most part the model as a 3D representation would 

be unaffected. However, wall and column construction consist of different activities and can 

therefore have different potential construction hazards. It is also important to model the correct 

building material, since concrete walls and brick walls are identical in function, but they are not 

constructed in the same way and their construction poses different hazards. 

In some cases, building elements can be constructed in various ways, making hazard 

identification in the design phase more challenging. For example, the contractor can choose 

which type of slab formwork and falsework to use, each one having its specific hazards. For 

such cases, all alternatives should be identified and their hazards input in the Database. During 

the design phase, the designer may leave the default option or specify one of the possibilities 

offered by the System. Later, during the preconstruction phase, the contractor can choose which 

method he intends to use and can then simply re-run the System to get an up-to-date list of 

construction hazards. 

The existence of a time schedule is crucial for determining the hazard exposure from other work 

groups. If such a schedule does not exist or is incomplete, incompatible or otherwise unusable, 

the System will be unable to assign hazards and quantify risks faced by a construction worker 

or crew whose source is from another activity. In that case, only the risks from self-exposure 

(self-induced hazards) are identified and quantified.  

An integral part of the System is the Construction Hazard Database. The Database should be 

designed to enable queries both from the System and manually from the user. This feature 

would help the designers and contractors even in the cases where BIM models are not present. 
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The users could manually query the Database for hazards and risks of every building element, 

one by one. Admittedly, this would be a labour- and time-intensive task but would still offer 

some help in identifying potential hazards of the designed building. Also, the manual query of 

capabilities can be used for a quick check of a BIM model element or a construction activity. 

 

4.5. System modelling tools 

Two modelling techniques are used to model the System in this chapter: Icam DEFinition for 

Function Modelling (IDEF0) and Business Process Model and Notation (BPMN 2.0). These 

techniques, often also called languages and notations, were chosen because of their respective 

strengths in showing various aspects of the Hazard Integration System. Since the following 

sections use these notations to graphically present the model, this section will give a brief 

overview of what these notations are and of their advantages and disadvantages when it comes 

to modelling the proposed System. Moreover, a short introduction into their modelling 

semantics will also be featured in the following subsection to enable the understanding of the 

following models. 

IDEF0 notation is able to show a process on many different levels of detail and offers a more 

precise representation of process element interactions. It, however, cannot model a sequence of 

process activities since neither sequence nor time is explicit in the IDEF0 diagrams [161]. The 

connections between the activities do not represent the process flow but rather the constraints 

which need to be met before the execution of an activity starts [161]. To overcome this 

limitation, BPMN was chosen to graphically model the System’s process flow: what the System 

does, how and in which order the activities are carried out and how to transform the available 

input into the desired output. 

4.5.1. Business Process Model and Notation 

The Business Process Model and Notation is a graphical standard for business process 

modelling which describes the logic of the steps in a business process [162]. BPMN graphical 

representation is the Business Process Diagram (BPD), designed on the basis of the flowchart 

diagramming technique and tailored for creating graphical models of business process 

operations [163]. BPDs are made up of a set of graphical elements, distinguishable from each 

other and similar to the flowchart elements familiar to most modellers [163]. The notational 

elements are divided into four basic categories: Flow Objects, Connecting Objects, Artefacts 

and Swimlanes; as shown in Figure 12.  
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Flow Objects are the building blocks of the business process. They include events, activities 

and gateways. Events represent occurrences in the real world, activities represent the work 

carried out during the process, gateways represent the split and join behaviour of the process 

flow and swimlanes are used to model organisational structure [164]. Swimlanes are the only 

category not appearing in the following models and will not be expanded upon. 

 

Figure 12. Elements of BPMN diagrams [164] 

The process flow model of the Hazard Integration System uses the following: 

 A start event which starts the process flow; 

 An end event which determines the end of a process; 

 Intermediate events for splitting the process flow in two parts due to its size; 

 Activities to describe the units of work performed by the System 

 Exclusive gateways to split the process flow based on the criteria defined in the model; 

 Converging gateways to join the process flow. 

Out of the Artefact category, the System’s model uses only the Data Objects. Artefacts are used 

to show additional information about a business process that is not directly relevant for the 

sequence flow or message flow of the process [164]. Weske [164] states that the main purpose 

of data object artefacts is documentation of the data used in the process. The System’s process 

model includes both data objects that are used as input for the activities and data objects that 

are the direct results of the work conducted in the activity, as evidenced by the direction of the 

connecting arrow to or from the data object. 
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Connecting objects connect all other BPD elements. Different connector types connect different 

element types. In the presented model, the sequence flow connects Flow Objects to each other, 

while association objects connect data objects to activities and activities to data objects, 

depending on whether the data object is an input or an output of an activity.  

4.5.2. IDEF0 

IDEF0 is a modelling standard developed in the early 1980s, commissioned by the US Air Force 

to improve manufacturing productivity in the aerospace industry. The acronym stands for Icam 

DEFinition for Function Modelling, where 'ICAM' is an acronym for Integrated Computer 

Aided Manufacturing [165]. There are several IDEF modelling standards for different 

modelling purposes, differentiated by the number at the end. The IDEF0 standard was the first 

to appear and is used to present data flow, system control, and the functional flow of life cycle 

processes. IDEF0 is capable of graphically representing a wide variety of business, 

manufacturing and other types of enterprise operations and systems, which include any 

combination of hardware, software and people, to any level of detail [161, 165]. 

The IDEF0 standard displays system models using diagrams composed of only boxes and 

arrows. The boxes represent the functions and the arrows represent data and objects processed 

by the system and used or produced by the functions [161]. Functions show what work is done 

in the activity without identifying any other important aspect such as how and what with [161]. 

The arrows that connect to a box represent the objects needed by or produced by the function. 

The basic elements of the IDEF0 diagram are shown in Figure 13. 

 

Figure 13. Elements of an IDEF0 diagram [165] 

Arrows leading into the function define the constraints placed upon the functions which need 

to be fulfilled for the function to be able to perform its work. They, therefore, do not define the 
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sequence flow, since several functions may be performed simultaneously or in different order 

depending on which constraints have been satisfied. 

Another difference between IDEF and flowchart based diagramming standards is in the 

connection between the functions. In flowchart based techniques the arrows are merely 

connecting objects and most often there is no prescribed rule as to from which end the arrows 

connect the elements. In IDEF, however, the direction from which the connection enters or 

leaves the function box determines the role of the object’s type. There are four object types: 

Inputs, Outputs, Control and Mechanisms (ICAM elements). Inputs enter the function from the 

left and they are the data or objects acted upon by the function [165]. Outputs are the results 

created by the function’s activities which leave the function from the right [161]. Controls and 

mechanisms are specific to the IDEF methodology. Controls govern the way a function is done, 

prescribing the methods of operation of the function, while mechanisms represent the means by 

which the function is performed [161]. Controls and mechanisms enter the function box from 

the top and bottom, respectively. 

 

Figure 14. Decomposition of IDEF0 diagrams into more detailed diagrams. Adapted from [161] 
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Another property differentiating IDEF0 from other flowcharting standards is its decomposition 

into more detailed diagrams. The IDEF0 modelling process starts with an initial diagram which 

is the most general or abstract description of the whole system. This diagram, called Top Level 

Context Diagram, consists of a single prime function which is then decomposed into more 

detailed diagrams [165]. Derived, lower-level diagrams are called child diagrams, and the 

originating diagram is the parent [161]. Only the top-level diagram consists of a single function. 

For others, due to model clarity and standardisation requirements, only three to six functions 

are permitted on a single diagram [161]. If a function needs to be described in more detail, 

IDEF0 states the function needs to be decomposed into lower-lever diagrams [165]. An example 

of such decomposition is pictured in Figure 14. 

 

4.6. IDEF0 representation of the Hazard Integration System 

4.6.1. Top-level model of the Hazard Integration System 

A global schematic of the System is shown in Figure 15 using IDEF0 modelling methodology. 

This is the most concise possible representation of the System, showing the System itself as a 

function and all the other elements in interaction with the System. On the left side of the 

function box we have inputs in the System. The System needs the BIM model to identify which 

building elements are to be constructed and therefore which construction activities are needed 

for construction completion. The construction schedule is needed for a specific part of the 

process, specifically when determining the peer-induced and global hazards. Without it, the 

System can still have meaningful output, however, only containing self-induced hazards. 

  
Figure 15. IDEF0 Top-level context diagram of the Hazard Integration System 
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On the top side of the diagram pictured in Figure 15, we have two control elements, the 

Construction Process Database and Construction Hazards Database. While only one Database 

is designed to be used with the System it does contain two functionally separate parts 

(construction processes and construction hazards), which are used at different stages of the 

process. The process database connects the BIM model elements to construction processes 

needed for their completion and the hazards database assigns hazards to construction processes, 

as will be shown in a more detailed model of the System. 

The bottom side of the IDEF0 diagrams shows the mechanisms needed to complete the process. 

While the process is automated it does require the user to start the process and in some cases to 

add additional input and/or to review certain stages. The user in the context of the model can 

be the designer, contractor, H&S coordinator, H&S inspector or whoever else may use the 

System.  

Finally, on the right side we have the System outputs which consist of a list of hazards faced 

by construction workers, whose risks are quantified using the predicted probability and severity. 

This output can further be used as input for other processes, such as mitigation strategies, risk 

level optimisation, risk level visualisation and others. Further processes are beyond the scope 

of the research presented in the dissertation but are planned in subsequent research. 

This top-level diagram, also called the Level 0 diagram, treats the System as a “black box”. We 

know what inputs and resources are needed, what controls constrain the System, which 

mechanisms the System uses, and finally what the end product is. However, we do not know 

exactly what happens to the inputs and how they are transformed into the required outputs. 

Therefore, a more detailed model view and description will be demonstrated in the following 

section. 

4.6.2. Detailed model of the Hazard Integration System 

IDEF0 modelling notation allows for expressing the system model in various degrees of detail 

through the use of parent-child diagrams. In it, every function can have child nodes which 

describe in further detail what activities are carried out to complete the higher-level (parent) 

function. Figure 16 represents the Level 1 diagram of the System, and is the child node of the 

system diagram shown in Figure 15 in the previous subsection. 

The Level 1 diagram contains the same ICAM elements as its parent and even presents the 

parent function as the largest rectangle in which all other activities are placed. The System at 
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this level consists of 4 functions, each connected to one of the previously mentioned ICAM 

elements. For example, the Model preparation function uses the Construction Process Database 

and BIM model to produce the list of construction activities. The following function assigns 

construction hazards to those construction activities, using the data in the Construction Hazards 

Database. 

Function 3 requires the BIM model and the Construction Hazards Database to produce its own 

output, the list of construction hazards faced by construction workers. If the construction 

schedule exists and is usable, then the identified hazards include all possible construction 

hazards. If not, only the self-induced hazards are identified. The final function uses the output 

of the previous function and the hazards database to analyse risks and to quantify hazards faced 

by the construction workers. The output of Function 4 is the final output of the System. 

The mechanism from the Level 1 diagram is repeated from the Top-Level Diagram and only 

interacts with the parent function. User input is required to start the System, and in particular 

cases to input additional information into the System or to confirm or control certain outputs if 

the System offers more possibilities. Therefore, user involvement varies for each individual 

BIM model. 

Each of these four activities can be expanded to show detailed processes required for their 

completion. However, considering advantages and disadvantages of the IDEF0 methodology 

described in the System modelling tools section, it was determined to map further details of the 

process using a notation with the ability to model the process flow, specifically BPMN 2.0.  

 
Figure 16. IDEF0 Level 1 diagram of the Hazard Integration System 
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4.7. System process flow 

This section describes the process flow of the Hazard Integration System. For presentation 

clarity, the model is structured into 12 steps which correlate to one or more process flow 

elements in the BPMN model of the System. The entire process model of the Hazard Integration 

System is modelled in BPMN 2.0 notation using Adonis CE [166] modelling software and is 

shown in Figure 17. The same model is presented in larger scale in Appendix 1. 

 

Figure 17. BPMN 2.0 model of the Hazard Integration System’s process flow 
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4.7.1. Step 1. Process start and BIM model loading  

The process starts with loading the BIM model into the System when the user requests a model 

to be checked for construction hazards. 

 

Figure 18. Steps 1, 2 and 3 of the Hazard Integration System’s process model 

4.7.2. Step 2. Model correctness check 

A previously mentioned prerequisite is model correctness which requires that all model 

elements are correctly labelled and that they have correct material properties. Therefore, the 

second step is an automated inconsistency check to avoid incorrect results in the later stages. 

The process could include checking whether all elements have defined material properties, or 

if there are inconsistencies such as an element having a property different from what would be 

expected for an element in its surroundings. Moreover, the user him/herself may manually 

check the model based on the guidelines to be developed in later stages of the research. 

If the correctness check does not find any errors, the process continues further. On the other 

hand, if it finds inconsistencies or errors, the System starts a feedback loop where the user needs 
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to apply the required corrections or manually ignore them. However, if the errors are ignored 

the results of the System may not be accurate. 

4.7.3. Step 3. Assigning construction activities to BIM model elements 

The purpose of this step was briefly mentioned in the Rationale for the database approach 

section. After the model has been loaded into the System the next step is to assign construction 

activities to BIM model elements which are needed for its completion. It can be one activity, 

such as for masonry wall construction, or several, such as for reinforced concrete works 

(formwork placement, reinforcing steel placement, concrete pouring and formwork removal). 

Assigning activities to elements makes it easier to assign hazards to elements by inserting the 

activity as an intermediary between the element and the hazard in the process. 

Advantages of using activities is in their ability to be attributed to all BIM model elements of a 

same type which may not have the same dimensions but do not differ in type and material 

properties. This approach makes it simpler to identify the hazards, especially in the case of 

elements whose activities are separated in time and elements with multiple methods of 

construction. This process step recaps why the Construction Hazards Database is better suited 

for the System than inputting safety information directly into the model element’s parametric 

information. 

This step could also determine the construction worker workgroups needed to perform the 

activity, as well as the number of workers needed and their expected performance. The 

performance can be used to determine the time needed to complete the activity (if not previously 

defined in the construction schedule), since the work quantity is easily readable from the BIM 

model and productivity information could be integrated in the Database. Therefore, by knowing 

the performance and quantity, estimated completion time is calculated to determine temporal 

exposure to the hazard. 

Compounded activities (such as the activity containing all columns on a floor mentioned later 

in the Limitations section) may be decomposed to multiple activities during this step. The 

simplest way would be to divide the entire duration of the activity with the number of individual 

elements, but if the elements themselves are not entirely identical (some columns larger than 

others) then the expected construction workers’ performance stored in the Database may allow 

a more accurate time distribution. 
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4.7.4. Step 4. Defining construction hazards posed by the activities 

Construction activities have a finite number of potential hazards that may occur when 

performing the activity. All those hazards are stored in the construction hazards section of the 

Database and are connected to the activities which may cause them. Some hazards are always 

present when performing an activity while others depend on the interrelation of several factors. 

For now, all potential hazards are assigned to activities and will be removed in the following 

steps of the System if the required conditions are not met. 

This research proposes dividing the hazards into three types: self-induced hazards, peer-induced 

hazards and global hazards. While the names are self-explanatory, a short description of each 

will follow: 

 Self-induced hazards are the hazards posed by the workers upon themselves. 

 Peer-induced hazards are the hazards faced by workers from other workgroups working 

at the same time and in close proximity. 

 Global hazards are the hazards with an area of influence so large that they affect all 

personnel on the construction site. 

These types of hazards will be described in more detail later in the following section and in the 

Database chapter. 

 

Figure 19. Steps 4 and 5 of the Hazard Integration System’s process model 
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4.7.5. Step 5. Listing construction hazards 

The following step defines who is affected by the hazard, i.e., whether each hazard is a global 

hazard, peer-induced hazard or a self-induced hazard. The System goes through every element 

of the BIM model and assigns hazards from all three types. After they are all identified, they 

are merged in the first output of the System, the list of all the potential hazards present on the 

construction site which contains the list of all the hazards each construction worker team poses 

to themselves, to others and to all personnel on the construction site. 

While not the primary goal of the system, this list is useful to all the construction safety 

stakeholders. It enables them to have a general overview of what accidents might happen on 

the construction site and what safety measures and personal protective equipment is required. 

The list is over-encompassing, listing the hazards which might not happen without the needed 

interaction of certain workgroups. It also does not offer the probability and severity information 

for hazards. However, even in this phase the list may also be useful to: contractors in the form 

of preliminary information about construction site safety hazards; H&S inspection in the 

construction safety plan approval phase and for inspections on the construction site; and to the 

designers to familiarise them with potential hazards integrated in the current design solution. 

Since the model is too long to fit on one page, the last element in Figure 19 shows a special 

intermediate event designed to break and connect process flow. The model continues with the 

same element at the top of Figure 20. 

4.7.6. Step 6. Construction schedule check 

In this step, the System checks for existence and usability of the construction schedule. If the 

schedule does not exist or for whatever reason is unusable, the System is limited to only 

correctly assigning self-induced hazards. In the BPMN model, the System at this point splits in 

two streams: one where only self-induced hazards can be identified and the other where all 

hazard types can be identified. 
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Figure 20. Steps 6 and 7 of the Hazard Integration System’s process model 

4.7.7. Step 7. Iteration loops 

The decision made at step 6 splits the Systems process flow into two streams. One where the 

System determines only the self-induced hazards, and the other where it uses the schedule to 

determine peer-induced and global hazards, as well. In either case, the remaining steps are 

similar, differing only in whether steps 9 and 10 take place or not. 

The seventh step starts an iterative loop, whose goal is to enable individual hazard checks for 

each of the construction worker workgroups. The System checks each workgroup for hazards 

they face (whether only self-induced or all hazards) and assigns the relevant hazards as defined 

in steps 8, 9 and 10. At the end of the loop (shown in Figure 22) the process checks whether all 

construction workgroups have had their hazards assigned to them or not. If yes, the process 

flow continues to further steps and if not, steps 8, 9 and 10 are repeated for another construction 

worker workgroup. 

4.7.8. Step 8. Assigning self-induced hazards. 

This process step is the same for both streams, since self-induced hazards are always 

identifiable. If it was determined in Step 6 that the construction schedule cannot be used by the 

System, then the interrelations between workgroups cannot be identified and only self-induced 

and environmental hazards are assigned. Environmental hazards primarily include falling 

hazards, if the work is conducted on elevation and near a leading edge. Other potential 

environmental hazards include working below ground, in confined spaces and near dangerous 
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utilities such as power lines or gas pipelines. All these environmental hazards can be determined 

from the BIM model. 

 

Figure 21. Steps 8, 9, 10 and 11 of the Hazard Integration System’s process model 

4.7.9. Step 9. Assigning peer-induced hazards 

Peer-induced hazards are the most complex type of hazards described in the research. They 

require both spatial and temporal information. Previously in step 4 all hazards which workers 

pose on others were identified. The System now checks each workgroup for peer-induced 

hazards since the location of the workers is available from the BIM model (every element to be 

constructed has its spatial location) and the time they are present at the location is available 

from the construction plan. If there is both spatial and temporal conflict in the worker location 

and the hazards area of influence, the hazard is assigned to the workers as a peer-induced hazard 

they are potentially exposed to. Moreover, if construction workers from different workgroups 

occupy the same area at the same time, congestion hazards are also added to the list of 

construction hazards for both workgroups. 

4.7.10. Step 10. Assigning global hazards 

Step 10 assigns global hazards to construction worker workgroups. Since they usually influence 

the entire construction site (or a significant percentage of it) and because accurate prediction 

would be difficult, it is practical to assign them to all personnel present on the construction site 

at the time. Therefore, these hazards require only temporal information and not both spatial and 

temporal as is the case with peer-induced hazards. 
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Figure 22. Steps 7 and 12 of the Hazard Integration System’s process model 

4.7.11. Step 11. Combining the hazards 

This step, as well as steps 9 and 10, appears only if the System is able to use information from 

the construction schedule. The step consists of a single simple activity whose task is to combine 

all the hazards identified in previous steps. After the completion of this activity, the iterative 

loop is either restarted or the process proceeds to the final step. 

4.7.12. Step 12. Hazard risk assessment and final output generation 

Finally, when all the hazards have been identified, the System calculates hazard risk assessment 

for each hazard using the probability and severity data from the Database. This step also 

generates the final output of the System. The output is a list of all potential hazards the workers 

are exposed to while performing their construction activities on the construction site. This 

document can benefit all construction safety stakeholders more effectively than the previous 

process output from Step 5. It can also be used as an input in other construction-safety related 

processes such as hazard mitigation, risk levelling, hazard heat map generation and others. A 

more detailed description of the System’s output and potential uses and improvements are given 

later in the sections System Output and Further Future Uses. 
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4.8. Description of the Hazard Integration System’s work process 

Earlier in this chapter the interrelations between the BIM model elements (as representations 

of actual building elements), construction activities, construction hazards and construction 

workers were characterised as being the core principle of how the System works. This 

interrelation describes how the System checks each of the BIM elements and assigns 

construction activities (and by extension construction workers) needed for its completion. 

Construction activities in turn pose certain hazards to both workers performing the activities 

and to workers who are present in the hazard’s area of influence. Hazard areas of influence are 

then cross-referenced with the known locations of construction workers. If the locations overlap 

in both space and time, then the hazards influence the workers and the hazards are added to the 

list of the hazards they are exposed to. Previous sections have briefly mentioned the hazard 

types defined in the research: self-induced, peer-induced and global hazards. The main 

difference between the self- and peer-induced hazards is in the source of the hazard (self or 

other workers), as their names suggest. Global hazards are basically peer-induced hazards with 

a large area of influence. 

This section aims to visualize and graphically contextualize the interactions and interrelations 

between model elements, activities, hazards and workers and to describe how the interrelations 

form each of the hazard types. Figure 23 presents a model of a hypothetical situation on a 

construction site at one point in time. The Figure presents a snapshot of what building elements 

are being constructed, which activities are being carried out and by which construction worker 

groups. Hazards, which are a consequence of construction work and which affect construction 

workers, and their connections to workers and activities are also shown in the Figure. 

A model of this interaction can be generated for any moment during the project’s construction 

phase, in order to determine which hazards threaten which construction workers and which 

activity is the source of the hazard. The contents and the details of the model will be further 

explained in the following paragraphs. 
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Figure 23. Element-Activity-Hazard-Worker interaction model 

Legend: 

 Grey circles with the letter E: BIM model elements; 

 Light blue circles with the letter A: construction activities needed to construct the BIM 

element; 

 Black circles with the letter H: hazards which are caused by the activities; 

 Black circle with the letters GH: global hazards caused by the activities; 

 Dark blue circles with the letter W: workgroups which perform the construction 

activities; 

                 Connects the BIM element with the construction activities needed for its 

completion; 

                 Connects the construction activity with the hazards the activity causes; 

                 Connects the hazards to the worker groups which are effected by the hazard; 

                 Connects the worker groups to the activities they perform. 
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The notation in indexes next to the letter shown in the model is used to numerically show 

connection between the model elements. The BIM elements have only one number in the index 

(Ei), while the activities that are connected to the elements have the same first index number 

and the other describes each individual activity needed for the elements construction (Aij). The 

other index j, incrementally rises if more activities are needed for element construction. 

Similarly, the hazards have three numbers in the index (Hijk) and are connected to the activity 

in the same way as the activity is to the element. The first two indexes connect the hazard to 

the activity and the third index (k) is used if more hazards are caused by an activity. The 

workgroups (Wijm) follow exactly the same numeration logic as do the hazards. They do, 

however, use a different index (m) to differentiate them from the hazards, since not all hazards 

posed by the activity effect the workers of the same activity. 

There are also some general modelling rules to consider. While the same activity can be used 

to construct two elements, to avoid confusion, the activity is repeated for each element. For 

example, if we have the construction of two cast-in-place columns each would have its own 

activity and accompanying hazards and workgroups. Other rules are as follows: 

 Each element is connected to at least one activity; 

 No activity is connected to more than one element; 

 Each activity is connected to at least one group of construction workers; 

 It is highly unlikely that an activity would pose no hazards. Therefore, all activities are 

connected to at least one hazard; 

 Each group of construction workers performs at least one construction activity; 

 Workers can perform more than one activity at a time. For example, connecting the 

rebar for both the beams and slabs; 

 Construction workers are unlikely not to be affected by any of the hazards. Therefore 

they are connected to at least one hazard. 

The model presented in Figure 23 may seem complex at first. Therefore, it will first be dissected 

into three smaller parts to better explain the interactions. Finally, the entire model will be 

discussed.  
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Figure 24. Self-induced hazards model 

The simplest example of hazard interaction with only one set of model elements is presented in 

the first excerpt, as shown in Figure 24. The BIM element E1 is constructed by only one activity, 

A11. This activity poses one hazard H111 and requires one group of construction workers W111 

to complete. This one hazard effects only the workers conducting the activity, therefore, the 

workers conducting the activity create the hazard to which only they themselves are exposed. 

This is called self-exposure and it results in self-induced hazards. 

 

Figure 25. More complex interaction model 

A more complex situation is shown in Figure 25. The Figure depicts one element E2 which 

requires two activities to be constructed. These activities (A21 and A22) potentially expose 

workers to hazards. A21 exposes workers to hazard H211, while A22 exposes them to hazard H221. 

Furthermore, activity A21 requires two groups of workers (W211 and W212), while A22 requires 

only workgroup W212.  

Along with self-exposure, as seen in the previous example, workgroup W212 is exposed to the 

hazards of activity A22, performed by workgroup W221. Therefore, they are exposed to a hazard 

created by another group of construction workers, conducting a different activity on the same 

construction element. This exposure type is called peer-exposure and results in peer-induced 

hazards. 
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Figure 26. Peer-exposure from workers constructing another element 

The next figure, Figure 26 shows an extended environment of Figure 24  and Figure 25. It shows 

the first two elements (already presented in those Figures) and their respective activities and 

hazards. However, the difference here is in the hazards faced by workers in workgroup W111. 

They are exposed to the hazard they pose to themselves and to the hazard posed by activity A22 

and by workgroup W211. This interrelation between various workgroups shows the importance 

of considering peer-induced hazards which are difficult to detect using traditional hazard 

identification methods. 

If we now go back to Figure 23, we can better understand the relationships presented by the 

model. In the Figure, there is also a red circle containing the letters GH. This circle represents 

the global hazards. Global hazards are the hazards which have a large area of influence and 

pose hazards to all construction workers and all other people present at the construction site. 

For a simpler view of the model, even though there may be more than one global hazard, the 

model shows only one to avoid a large number of connecting arrows cluttering the view. The 

model should then specify which hazards are global hazards. From the model view, we can see 

that all workgroups are connected to the GH circle, and some activities have arrows pointing to 

the GH circle, meaning that those activities pose hazards which affect all construction site 

personnel. 

The element-activity-hazard-worker interaction model also presents various types and levels of 

hazard interaction. Some construction workers are exposed to self-induced hazards and some 

to both self- and peer-induced hazards. Naturally, all workers are exposed to global hazards. 

Similarly, some activities cause only one or more self-induced hazards, some cause peer-

induced hazards, and some cause global hazards, as well as self- and peer-induced ones. There 
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are many possible interaction combinations and Figure 23 presents only a sample model 

designed specifically to explain possible combinations of BIM elements, construction activities 

and the hazards they pose to the construction workers, with no particular elements, activities, 

hazards and workgroups in mind. 

 

4.9. Scope 

An important step in research design is defining the scope of the research [96]. It should be 

large enough to offer significant advancements in the area of the study and yet condensed 

enough for its goals to be achievable in the context of a dissertation thesis [96]. This dissertation 

presents research conducted to establish the basis of a potential software tool: the description, 

contents, interrelations, algorithms and process models of the System and Database. The actual 

programming (software code writing) of the proposed BIM tool which integrates the Database 

with BIM models and related activities are beyond the scope of the research. Further research 

may use the results presented in the dissertation as an input for the programming aspect of the 

software development process. 

The proposed System develops a conceptually universal hazard identification methodology 

which is designed to be applicable to any and all construction projects, consisting of any 

activities, as long as the structure can be modelled in BIM. However, for this stage of the 

research it would not be feasible to generate a hazards database detailed enough to contain all 

the potential hazards that may occur on a construction site. The research does not claim to 

identify all potential hazards, but provides the means for this to be done in the future. In the 

current stage, the Database will contain only the hazards related to the construction of the 

structural building elements. These hazards alone are extremely numerous and varying in all 

aspects covered by the System: frequency, severity, and influence on self and other workers. 

These particular construction works were chosen because most of the fatal and high-severity 

injuries occur during this construction phase [3, 167]. 

Health and Safety in the construction industry, moreover, is an extremely broad field of research 

and it would be too extensive to cover all aspects of safety management in the scope of a PhD 

dissertation. The results of the model-checking process are therefore for now limited to hazard 

identification and quantification as a first two steps in safety management. Mitigation strategies 

and safety performance measurement are outside the scope of the dissertation but are planned 

to be included in subsequent research. 
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Further work will be required to integrate renovation and refurbishing works, and to include 

other structures such as infrastructure objects. Functionally and conceptually, their hazards 

could also be identified by the System using the same methodology and processes. The only 

requirement would again be the existence of a BIM model and including the specific hazards 

in the Database. 

Previous research has also focused on temporary structures and their role in construction safety. 

Since most BIM models do not include temporary objects, the System is not yet designed to 

recognise them. However, the construction-process part of the Database defines if the 

construction activity needs temporary objects such as scaffolds and assigns relevant hazards to 

those activities.  

 

4.10. Potential benefits of the Hazard Integration System 

The System is developed to serve the needs of more than one participant in the construction 

process. Previous research has mostly focused on either the designer or the contractor, with one 

having direct and intended benefits and the other potentially having benefits as a side-effect. 

There are, however, other stakeholders in the construction process with interest in construction 

safety. These include the owner, Health and Safety governing institution and H&S inspection, 

H&S Coordinators in the EU countries, the construction industry sector, construction workers 

themselves, and by extension society as a whole. This section will list some of the possible 

benefits for each of the stakeholders. 

Designer: 

 Able to see the potential hazards of various design solutions; 

 Design certain hazards out of the project; 

 Raise awareness of construction safety; 

 Bridge the knowledge gap in construction safety; 

 It is unobtrusive on the designer since he can continue to carry out his tasks and only 

ask the System or query an element for hazards at any time during the design.   

Contractor: 

 Quick and accurate hazard identification for all construction activities; 

 Easily update the construction safety plan; 

 Better safety performance record and lower insurance premiums; 
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 Targeted safety education. 

Owner: 

 Better public perception; 

 Lower construction costs. 

H&S institution and inspection: 

 Streamlined and simplified site safety plan control and approval; 

 Easier and more efficient site inspections. 

H&S coordinators and H&S experts: 

 Easier and more streamlined H&S management; 

 Freed focus on more important tasks requiring more complex thinking and skills. 

Construction workers: 

 Directly benefit from the reduced hazard rates; 

 Improved health, less chance of a disabling injury or death; 

 Awareness of the hazards they face and from what sources; 

 Awareness of the hazard they expose their colleagues to. That way they can be more 

careful not to harm others. 

Society 

 Societal benefits are a consequence of construction worker benefits, since worker 

accidents directly impact their families. The effect ripples to other aspects of social life.  

Construction industry  

 Better public perception of the industry if the number of accidents is reduced; 

 Lower construction costs and improved productivity. 

 

4.11. Limitations 

There are, of course, limitations to what the System can do to reduce the hazards present on the 

construction site. The limitations can generally be divided into two groups: internal limitations 

of the System itself and external limitations placed upon the System. Internal constraints upon 

the System were already defined in the research scope section. External limitations can further 
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be divided into two groups based on the type of the constraint: technical and behaviouristic. 

The first group is related to the technical limitations of BIM, database modelling, hazard data 

and model correctness, as well as the characteristics of the construction industry as a whole. 

The other group comprises of construction workers’ behaviour characteristics and of the safety 

culture present both at the construction site level and on the company level. 

Technical limitations include potential issues with BIM models and with time schedules; even 

if they do exist and are usable. If a BIM model is inaccurate, the hazards cannot be accurately 

identified. Additionally, the plan may not be detailed enough. Plans are often made on a macro 

scale that includes more than one element per activity. For example, an activity in the plan may 

be the construction of all columns on a floor. This activity may span a few days and include 

construction of a larger number of building elements. The consequences are spatiotemporal 

inaccuracies resulting in potentially inaccurate hazard identification when considering 

workgroup interaction. 

The other potential issue is that plans are often not up-to-date. The construction plan rarely 

survives contact with the realities of the construction site because various delays, changes to 

project documentation, changes to construction methods, worker fluctuation and other reasons 

may cause different works to be completed in parallel rather than the ones originally planned. 

Therefore, since different activities are being simultaneously performed their interaction with 

regards to safety is likely to also be different. As a consequence, the identification of hazards 

posed by workers from other workgroups may be inaccurate. To be sure the results of hazard 

identification are correct, plans need to be kept up-to-date and the System needs to be re-run 

every time a change in the BIM model or schedule is made. 

Behaviouristic limitations are not related to technical processes since BIM or any other 

advanced technology will not simply and by itself change the workers’ behaviour. Situations 

such as the one presented in Figure 27 are likely to occur even with most advanced hazard 

identification or safety planning methods. However, using the proposed System, unsafe 

behaviour may be anticipated, planned and even included in site-safety plans. 

Management effort is also crucial for successful system implementation. The results of the 

proposed System are only valuable if they are indeed considered and implemented at the site. 

In the face of tighter time schedules, more competitive bidding processes and more and more 

complex construction projects, implementing yet another system or control may be seen as an 
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extra burden, both from the designers’ and contractors’ point of view. Therefore, managerial 

involvement in and supervision over the actual implementation may be required. 

 
Figure 27. Unsafe worker behaviour 

 

4.12. System output 

The final output of the System is the list of construction hazards the workers face while 

performing construction work on the site. The hazards list will be presented in digital format, 

searchable and filterable, with customisable results fields, and with all important details from 

all process steps available to the user. 

Results are planned to be displayable by BIM elements, by hazards and by workgroups. When 

selecting any element, the user can see all the relevant information, and from all the stages of 

the System, such as: which activities are needed for the elements construction, which and how 

many construction workers are needed for its completion, what are the hazards that the activities 

pose to the workers conducting the activity, to other workers and all workers, what are the 

hazards to which the workers conducting the activity are exposed, and for each of them, exactly 

which activity (model element) is the source of those risks. By clicking on a hazard, the results 

would show which model element and/or activity causes the hazard, which workers are affected 

by it and why (source of the hazard). Finally, by displaying the results by construction worker 

workgroups the results would display which construction activities are performed and which 

elements constructed by the workers, and to which hazards the workers are exposed and why. 
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All risks faced by the workers are numerically quantified and accompanied by a verbal 

explanation on the degree of risk and with mathematical calculation displayed, if the user so 

desires. This can show whether it is the severity or frequency that drives the risk level up or 

down, which can help in determining the best course of action for mitigating the hazard. Based 

on the assessment and the source of the risk, different mitigation strategies may be used. If the 

risk is too insignificant to act upon, the results can still at least be used to inform the workers 

what risks they are exposed to, and what risks they pose to their colleagues. 

As the System is designed for different potential users and since they require the results for 

different purposes, the results can also be structured in different ways and adapted to better suit 

the user’s individual needs. Personalisation of the result will be especially useful after 

expanding the potential of the results, as is planned in subsequent research and further 

elaborated in one of the following sections. For example, the designer would benefit the most 

from design suggestions and hazard information about the dangers his design potentially 

exposes the workers to. The contractor could, in the preconstruction phase, benefit from the 

safety equipment quantity take-off, from more specific construction worker hazard recognition 

training and from risk visualisation in both time and place. During this phase, the contractor 

can schedule activities around identified peak risk times to level the risks in the same way he 

would level the resources. During the construction phase, if changes occur, new hazards which 

have appeared and some pre-existing ones which have now disappeared could be especially 

emphasized. H&S Coordinators could use the list of hazards to generate a preliminary 

construction hazards plan, which they would need to control and improve upon, if needed. The 

H&S inspection could use the results of the System for construction safety plan approval and 

for more systematic and streamlined on-site inspections. 

 

4.13. Advantages of the System over traditional hazard identification 

Traditional hazard identification suffers from numerous shortcomings such as: being time 

intensive and error prone [3, 77], dependent on the knowledge and skills of the safety expert 

[75], limited by the amount of information available and by being conducted only shortly before 

beginning construction work. Automated hazard identification, in general, addresses these 

concerns by being quicker and more consistent, since the knowledgebase used for identification 

is collected before and used in all subsequent processes. Additionally, automation enables fast 

and inexpensive re-checks if any of the relevant circumstances change. 
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However, automated hazard checks do not solve all the problems of traditional hazard 

identification, and moreover, have some of their own. First of all, the expert knowledge needs 

to first be captured and structured. The Construction Hazard Database is structured in such a 

way as to enable automated hazard identification when used with the System. Moreover, the 

Database chapter describes the way in which hazard information was gathered and turned into 

a usable format. Other research has presented other gathering and structuring methods, some of 

them even automated, such as the Natural Language Processing methods (NLP) [139]. This 

type of gathering methods might even be used to gather hazard information from a larger sample 

of construction Health and Safety plans. Knowledge and skills of the construction safety expert 

can also be integrated into the Database by including the expertise from a large number of 

experts in the form of information about the hazards and on their expected frequency and 

severity. 

Lack of information in design documentation is problematic in traditional hazard identification. 

It may still be a potential problem in automated identification, but since BIM models generally 

offer much more information than traditional 2D or 3D CAD drawings it is therefore less likely 

for it to be a problem. Time constraints also shouldn’t be a problem since the hazard 

identification process is expected to last only a few minutes, as opposed to hours or days in the 

traditional manual hazard identification 

The proposed System has further advantages over other already-developed hazard identification 

tools. Primarily, it does not require any additional effort from either the designer, contractor, 

H&S Coordinator or inspector. The BIM model used by the System is already created in the 

design stage. The user only needs to start the System and to load the model. No other software 

or preparatory steps are required. Simplicity of use may be compared to that of a spellchecker. 

If the user has already written the text, he only needs to start the spellcheck process and to verify 

the results. In some cases, the user will be asked to specify the construction means or other 

details, so that the System can generate as accurate an output as possible. Naturally, all results 

should still be checked by an expert to make sure no errors have occurred. The System would 

therefore be simple to use in the industry by all construction project stakeholders and it is 

expected that it would be accepted in a short amount of time. 

Previous research has also often mentioned the separation between construction safety planning 

and construction works planning. By integrating safety with the project schedule and by 

enabling the designer to easily use the System, this barrier can be overcome. Additionally, often 

cited barriers are the lack of designers’ safety knowledge and increased designer liability 
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barriers. Since the knowledge is already stored in the Database and the Database is searchable 

even without the use of the System, the designer does not need to fear his lack of safety 

knowledge. Furthermore, the use of the System does not increase designer liability since it is 

only used to simulate the potential hazards the current design may pose to the workers and to 

perhaps try to make design changes to lower the safety risks. The designer is under no obligation 

to force construction methods or a certain construction work sequence upon the contractor. He 

may only suggest safer alternatives to the contractor. 

 

4.14. Further future uses 

The System in the current stage only presents the list of quantified hazards faced by construction 

workers, as already described in the System output section. While the present output is useful 

in itself, it can be used as input into other processes to enable other benefits. If connected to the 

safe design alternatives information, the System could offer safer design solutions in line with 

the Design for Safety approach. The contractors could use the results to generate the list of 

safety equipment and of personal protection equipment and to know when the equipment needs 

to be used. Furthermore, since the dangers faced and generated by the workers are known, more 

focused and specialised safety training manuals and instructions specific for each construction 

site could be given to the workers. 

Extremely hazardous activities (those with risk levels exceeding a predetermined amount) could 

be visualised in BIM models in both 3D and 4D so special consideration could be given to 

alleviate risk. Since activities pose risks which are quantified, risk levels can be determined for 

any point in time and visualised throughout the entire project duration in the form of a histogram 

to determine peak risk times. The contractor or construction planner could, in cooperation with 

the H&S expert, reschedule non-critical activities (perhaps even critical activities if the 

possibility of a risk is so great) to reduce peak risk times in a similar way other resources are 

levelled. Such a “risk levelling” method was already proposed by Rozenfeld et al. [16] in their 

research. 

Moreover, since the location of all the hazards is known, the System outputs could be used to 

generate a hazards heat map [151], which not only locates the hazard in time but also in place. 

This map could be used to determine which areas of the construction site are most exposed to 

risk for the duration of construction and if some activities could be carried out elsewhere to 

reduce overall risk. 
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4.15. User interface 

Rather than describing the details of the user interface (UI) itself, this subsection will describe 

the requirements the UI needs to fulfil. Usability, functionality and other basic requirements all 

software needs to comply with are not specifically mentioned and it is implied that the UI 

complies with those standards. The requirements specific to the UI of the System are listed 

below. The same requirements are applicable to the Construction Hazard Database interface, as 

well. 

 The System enables automated hazard identification. However, in some cases the 

System requires the user’s interaction to either input additional data or clarifications, or 

to check certain results.  

 Since the System allows for various users (designers, contractors, etc.), the interface 

could be slightly modified to best suit their specific needs. 

 The System needs to be adaptable to the needs of the users. The user needs to be able to 

input hazards and activities, and to manage their interactions. This could potentially be 

dangerous if the user is unskilled. Therefore, a warning message and a liability waiver 

should appear. 

 The user needs to be able to set some parameters specific to the construction site or to 

his organisation, such as perhaps intensifying factors. 

 The UI needs to enable the user to accomplish all tasks which are described in this and 

in the following Construction Hazards Database chapter. 

 

4.16. Applicability to other work and project types 

A previous research review article has identified large research gaps in construction safety 

research [12]. One of those gaps is the overwhelming focus on one project type and on one 

project phase, specifically on buildings and the construction phase, while almost ignoring 

infrastructure projects and all other project phases such as design, planning, 

maintenance/operation and demolition phases [12]. This research is only nominally limited to 

the construction of buildings. The same principles as described in the rest of the chapter can be 

applied to other structures such as roads, bridges, embankments, tunnels, etc. Functionally, the 

approach would be the same, only the construction hazards specific to those projects would 

need to be identified and added into the Database. 
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The projects would still need to be model-able in BIM and would need to consist of elements.  

For example, the structure of a road could be divided into model elements by the layers of its 

cross-section. These layers could further be divided into elements of predetermined length, for 

example 100 meters. Each of the elements needs certain activities for it to be completed and the 

activities pose hazards to the workers. If the hazards are input into the Database, the System 

can then identify the hazards and risks faced by the workers in a similar fashion as described in 

the rest of this chapter. Bridges would perhaps be even simpler since they, as well as buildings, 

already have defined model elements. Those elements are a result of conducting construction 

activities, which cause hazards to the workers. Similarly, other construction projects could be 

modified to enable hazard recognition through the System. 

The research also focuses only on the activities needed to construct the building structure, 

ignoring activities on finishing works and electrical and HVAC (Heating, Ventilation and Air 

Conditioning) installations. These activities result in building elements that can be represented 

in the BIM model of the building. Therefore, the hazard identification process is exactly the 

same as with the activities on constructing the building’s structural elements. 

Other sections have already mentioned the possibility of using the System in the design and 

preconstruction phases. Construction hazards for work types such as refurbishment and 

demolition could as well be identified using the System. Demolition of an element requires 

some activities to be conducted. These activities in turn pose hazards to the workers in a same 

way as does the construction of an element. Refurbishment, on the other hand, includes both 

demolition of existing building elements and construction of new ones, and therefore the 

hazards present in both of the phases. There are also no technical limitations to include 

information on the maintenance hazards for BIM model elements into the Database since the 

same procedure could be used to identify hazards present in the maintenance phase. 
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5. Construction Hazards Database 

5.1. General information 

5.1.1. Database purpose and role in the Hazard Integration System 

A lot has already been said in the previous chapter about the need for a Database, the Database’s 

role in the System and about construction hazards defined in this research. This chapter aims to 

provide further information on the Construction Hazards Database which was previously 

mentioned in the Hazard Integration System chapter. Furthermore, the chapter will describe the 

hazard types in greater detail, demonstrate how the hazards and activities were gathered and 

identified, how they were entered into the Database, and how the hazard risks are quantified. 

The Construction Hazards Database is an important and an integral part of the Hazard 

Integration System without which the System could not function as intended. It consists of two 

parts: Construction Hazard Information Database and Construction Process Database. Both 

parts are crucial, since without having all the relevant hazard information the hazards cannot be 

identified and without the construction activity information the hazards could not be connected 

to BIM model elements. The activities are used as an intermediary in connecting model 

elements and hazards, since hazards are a consequence of workers conducting construction 

activities and not of the building elements themselves. Moreover, a smaller total number of 

connections are needed to connect all BIM model elements to all construction hazards because 

construction activities (and consequently construction hazards) are the same for all building 

elements of the same material and type. This interrelation between BIM model elements, 

activities and hazards is pictured in Figure 28. 

 

 

Figure 28. Indirect connection of building elements and construction hazards through construction activities 
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The previous chapter described the reasons for using the Database as a central storage area for 

both construction hazards and for construction activities as opposed to simply adding hazard 

information directly into BIM model elements’ properties. Using the Database makes entering 

and editing hazards much easier than using the BIM model editor to add each of the hazards to 

all BIM model types. If a user wanted to add a new hazard, the process would include entering 

all required information only once and assigning the hazard to appropriate construction 

activities. In the other case, without using a central database independent of the BIM model, 

when entering a new hazard, its information would have to be entered separately for all BIM 

model types whose construction activities produce the hazard. Similarly, if a hazard needed to 

be edited it would need to be changed for all model elements and not only in one single location. 

5.1.2. Database interface and search and filter requirements 

Section 4.15. of the previous chapter described the requirements of the System’s user interface. 

Requirements stated for the System are valid for the Database, as well. A specific requirement 

for the Database developed in this research is that it needs to be usable independently from the 

System. The main reason why, is the lack of current BIM applicability. Unavoidable 

prerequisites for using the System on a construction project are the existence of a BIM model 

and a database with construction hazards. If the project is not modelled in BIM, the System 

cannot automatically identify the hazards. The Database should in that case still have to be 

usable for assistance in manual hazard identification. 

Safety planners could still use the Database to identify the hazards faced by the construction 

workers. The intricate interplay of the activities and their spatial and temporal overlap may pose 

a challenge, but some peer-induced and global hazards may still be easily identified. Self-

induced hazards should not pose problems for manual hazard identification since they only 

affect the workers performing the activities and no other information is needed for their 

identification and for associating them to the workers. Therefore, the user needs to be able to 

browse the Database regardless of the System. It means that the Database needs to be both able 

to integrate with BIM models and be opened by a separate viewer. Furthermore, an important 

feature is editability of existing entries and adding new hazards and activities. 
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When browsing the Database using a separate viewer, the following features need to be 

available to the user: 

1. Viewing the entire list of Database entries; 

2. Viewing all connected hazards for the selected activity or BIM model element and vice-

versa; 

3. Searching for a specific hazard; 

4. Filtering. 

1. The user needs to be able to view the entire list of Database entries, alphabetically, by the 

date added/modified, hazard number and hazard type. By clicking on a hazard, the hazard’s 

page should open, and depending on the user’s permissions, the user could browse the 

information on the hazard or even edit it. 

2. If a user selects an activity or BIM model element in the Database, the user needs to be able 

to see all potential hazards connected to the activity or BIM model element. Conversely, by 

opening the hazard’s entry, the user needs to be able to see from which activities and elements 

the hazard stems. 

3. The user needs to be able to search for a specific hazard. The search engine should search all 

fields, for example: hazard name, hazard description… 

4. Hazards should be filterable. The user should be able to only display or search for the hazards 

based on the following criteria: 

 Type of consequence: Accident or professional illness; 

 Energy type source: Biological, electrical, gravitational, chemical, mechanical, motion, 

radiation, thermal, pressure, sound, other; 

 Hazard type: Self-induced, peer-induced, global; 

 Global hazard source: Yes or no; 

 General construction hazard: Yes or no; 

 Dependant on human error: Yes, no or both; 

 Connected to an activity: Yes or no; 

 Connected to BIM element type or material: Yes or no; 

 Dependent on BIM element’s location: Yes or no; 

 Dependent on BIM element’s spatial characteristics: Yes or no; 
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 Hazard’s frequency: Specific number or range; 

 Hazard’s severity: Specific number or range; 

 Hazard’s risk level: Specific number or range; 

 Peer and global hazard’s range type. 

The filtering needs to allow for the following: multiple criteria can be selected, multiple values 

for a single criterion can be selected. 

5.1.3. Database structure 

It was previously mentioned that the Database is divided into two separate parts. One is the 

Construction Hazard Information Database and the other is the Construction Process Database. 

Different methods of gathering construction hazard and construction process information 

resulted in different structures of the Database’s parts. 

The Construction Hazard Information Database does not have a specific structure. The hazards 

are listed in ascending order and only grouped by their certain shared characteristics. Current 

groups include masonry hazards, formwork hazards, concrete hazards, reinforcement hazards, 

global hazards, general construction hazards, etc. This division was made primarily for 

convenience when browsing the Database. Formal division into groups and perhaps subgroups 

will be possible after all construction hazards are identified and entered into the Database. 

Another reason why grouping is not necessary is the search and filter functions of the Database 

which can enable quick and efficient ways to access the desired hazard or hazards. Hazards do 

not have a specific code assigned to them, but are rather assigned a number in an ascending 

order as they were input in the Database. For, example, the 31st activity entered into the 

Database has number 31 assigned as the activity’s designation. 

Construction activities are on the other hand highly structured in the Database. The structure 

stems from the process of identifying the activities for the Database. The process, as will be 

described in greater detailed in later sections, was to first identify all BIM element types, 

followed by material type, activity and finally the individual (sub)activity. Activities are, unlike 

hazards, assigned their specific code depending on which of the categories the activity belongs 

to. The last character in the activity’s code is a number. Activities entered in the Database are 

numbered with the number 0, while their subactivities have numbers in ascending order from 1 

to as many as there are subactivities of any given activity. 
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BIM model elements and construction worker workgroups are also formally a part of the 

Construction Process Database. They are “pre-entered” in the Database since specific 

information for connecting these entries to BIM model elements of the BIM model are needed. 

 

5.2. Hazard types defined by the research 

Three different hazard types are defined in and used by this research. These are self-induced 

hazards, peer-induced hazards and global hazards. The difference between the hazard types is 

in who is the source of (who causes) the hazard. A worker may expose himself to harm, he may 

be exposed to harm from other workers in his immediate vicinity, or the hazard is so widespread 

it potentially harms anyone on the construction site. The previous chapter has already 

mentioned these hazard types and even described them in sufficient detail to allow 

comprehension of what the System does and how it works. This section will offer additional 

information on the hazard types, as well as some practical and graphical examples for each of 

the hazards. 

Along with these three types of hazards, the hazards in the Database can be grouped by their 

other properties. Such other properties may be the hazard’s energy source, is a hazard the result 

of an accident or can it cause a professional illness, what is the hazard’s area of influence and 

others, but they are not specific to this research and not critical to the correct functioning of the 

System. 

5.2.1. Self-induced hazards 

Self-induced hazards are the simplest hazard type defined in this research. This type of hazard 

originates from the activity performed by the workers who are affected by the hazard. The 

hazard generation process is as follows. Construction activities produce hazards when 

performed. Workers (one worker or a workgroup) perform the activities and therefore they 

themselves produce hazards. If they are exposed to the hazard from the activity which they 

perform, they are exposing themselves to hazards. This exposure type is called self-exposure 

and results in self-induced hazards. Self-induced hazards will be graphically illustrated in the 

model presented in Figure 29. 
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Figure 29. Self-induced hazards 

Figure 29 presented above depicts a model of an interaction between BIM model elements (E), 

construction activities (A), construction hazards (H) and construction workers (W). It is a 

hypothetical situation on a construction site at a moment in time, not meant to represent any 

particular construction works. The model in the Figure is modelled using the same model 

elements and modelling rules as described in the previous chapter.  

Self-induced hazards are circled in the model along with the activity which causes the hazard 

to appear in the first place and with the workgroup affected by the hazard. We can see from the 

model that the element E1, requires activity A11 to be performed. The activity produces a hazard 

(H111) and is performed by workgroup W111. The workers are affected by this hazard, produced 

by the activity they themselves are performing, making the hazard self-induced. 

This hazard type is the simplest to identify and to predict since it only involves the activity 

being performed and the workers performing the activity. They are the simplest to identify in 

the context of this research and its requirements, as well. To identify the self-induced hazard 

the System requires only the existence of a correctly modelled BIM model with correctly 

assigned construction activities and hazards. Self-induced hazards can even be identified 

without the construction schedule. Moreover, they do not even require the spatial information 

from BIM models, since only the element type and material information are needed to 

determine the construction activities needed to construct the element, and by extension which 

hazards are produced by the activity. 
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Spatial and temporal information are needed for more complex hazard types described later in 

the chapter, when the System needs to check if an overlap exists in time and place between the 

activity posing the hazard and the location of workers potentially exposed to the hazard during 

the time when the hazard is present. To reiterate, this information is not needed for self-induced 

hazards since the workers produce the hazards themselves and the hazard location in time and 

place is exactly the same as the workers’.  

Examples of self-induced hazards from the gathered hazard data: 

 Falls from heights and into depths; 

 Injury from inappropriate tool handling; 

 Burns from touching hot objects; 

 Lacerations from cutting wooden elements. 

5.2.2. Peer-induced hazards 

The most complex hazard types defined by the research are peer-induced hazards. Each 

construction site is a complex environment with a large number of activities being 

simultaneously performed by a large number of workers. Each workgroup is well informed 

about the tasks they perform and the construction schedule and locations of these tasks. They 

are, on the other hand, not informed about the schedule and location of other workgroups. 

Similarly, the workers are educated about the hazards they are exposed to while performing the 

construction activities (self-induced hazards) through safety training programmes and other 

safety related documents, but are often not as informed about the hazards they pose to the other 

workers and about the hazards other workers pose to them. 

Peer-induced hazards are the second type of hazards defined by this research to which the 

workers are exposed. The difference from the previously defined self-induced hazard is in the 

source of the hazard. In this case the hazards are produced not by the construction workers 

themselves but by their peers (other construction workers) who are performing other 

construction activities on the same or on another building element. These other workers may 

be endangering themselves, but are also endangering all other workers present in the hazard 

zone of the activity. An example of such a hazard follows. A group of carpenters are assembling 

formwork for a cast-in-place reinforced concrete wall. A potential hazard for this activity is the 

formwork overturning and falling if not properly anchored. They themselves are exposed to the 

(self-induced) hazard, but they also expose a group of construction workers preparing rebar for 
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the neighbouring wall. A graphical representation of peer-induced hazards is shown in Figure 

30. 

 

Figure 30. Peer-induced hazards 

This Figure presents the same interaction between the building elements, activities, hazards and 

workers as the previous one, but focuses on peer-induced hazards. All instances of peer-induced 

hazards are circled in the Figure, along with the activity which caused the hazard and the 

workers affected by it. A total of three peer-induced hazards are shown in the Figure. For 

example, workgroup W211 is exposed to a hazard (H221) posed by their peers (W222) who are 

performing an activity on the same building element (E2), while workgroup W111 is exposed to 

two peer-induced hazards (H221 and H312) produced by workers performing activities on other 

building elements. The model also shows that workgroups may be exposed to more than one 

peer-induced hazard and from multiple sources. Also note that a hazard can be both self-induced 

and peer-induced at the same time, as demonstrated in the practical example above. 

Hazard identification of the peer-induced hazards is much more complex than for the self-

induced hazards, especially if the hazard identification is done manually by a safety expert. This 

person would need to have a detailed understanding of the construction plan and construction 

sequence for each construction site, in addition to safety-related knowledge to recognise which 

construction activities occur at the same time and which workgroup affects other workers and 
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in what way. Hazard identification is generally a time intensive and error prone process [3, 77] 

made even harder when identifying peer-induced hazards. 

Automated hazard identification of peer-induced hazards is also more complicated than for self-

induced hazards. A basic prerequisite, in addition to those required for self-induced hazards, is 

the existence of an accurate and up-to-date construction schedule whose activities can be 

connected to the BIM model’s elements. The System first assigns all possible hazards to all 

building elements modelled in the BIM model, as described in the previous chapter. After the 

System has determined the existence and usability of the schedule, each construction worker 

workgroup is checked to see if their location in time and place overlaps with the spatial and 

temporal location of previously identified hazards. If the overlap exists, the hazards are added 

to the list of hazards the workgroup is exposed to. 

Examples of peer-induced hazards from the gathered hazard data: 

 Fall of an object from height; 

 Formwork collapse; 

 Cutting/impaling on protruding rebar; 

 Tripping on tools, material or waste; 

 Getting hit by flying material or object. 

5.2.3. Global hazards 

Global hazards are a special type of peer-induced hazards in whose case the area of influence 

is so large that it is not practical to assign a particular area of the hazard’s influence. Instead, 

the entire construction site is viewed as the hazard zone. These hazards affect all construction 

workers and other personnel who are present on the construction site at the time of the hazard. 

An example of how a group of construction workers might cause global hazards is when an 

activity requires crane lifting operations. The crane transports the material over possibly a large 

area of the site, thus having a large area of influence and potentially exposing a large number 

of construction workers. It would be infeasible (and impossible due to the dynamic conditions 

on the site) to calculate the exact path of every lift and the exact positions of workers in those 

moments. Therefore, all construction workers are considered to be affected by the hazard. 

An example of global hazards is shown in the model in Figure 31, similarly as with previous 

hazard types. It is evident from the model that all the workers are exposed to the global hazards 
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and are connected in the same way as they are connected to self-induced and peer-induced 

hazards. 

This hazard type is also caused by workers performing construction activities, in the same way 

as the other two hazard types. The activities which produce the hazard, specifically in this case 

the activities A22 and A31, are connected to the hazard in the model in the same way that they 

are connected to their respective self- and peer-induced hazards. 

The model shows only one global hazard instead of two different global hazards. This could be 

used as a general modelling rule, since if every global hazard is connected to every construction 

worker workgroup, a larger model may be cluttered with connection arrows to and from the 

global hazards. A simpler solution would then be to list all the global hazards in a legend next 

to the model. 

 

Figure 31. Global hazards 

It is common for global hazards to have high severity but extremely low probability scores, 

such as an explosion on the construction site or crane collapse, in which case the risk is 

negligible. The other possible combination is high severity with low to medium probability in 

the cases of soil collapse and falling objects from a crane. Those risks are significant but are 

also almost always anticipated in construction safety plans. Manual hazard allocation of global 

hazards to construction workers is somewhat simplified since the spatial exposure is not a 
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requirement. Moreover, hazard identification itself is simpler than in the case of the peer-

induced hazards because global hazards are similar between various construction sites and 

safety personnel are well-equipped for their identification. 

To identify the hazards using the Hazard Integration System, in addition to the BIM model and 

the Database, the System needs to have access to the construction schedule similarly as for the 

peer-induced hazards. The requirements on the construction schedule are also the same and for 

the same reasons. 

Semantically, global hazards can be either peer-induced or self-induced, depending on if the 

cause of the hazard is an activity performed by the workers themselves. The distinction will be 

illustrated on the previous example of reinforced concrete formwork construction. Construction 

workers assembling the formwork require the formwork elements to be delivered to them by 

crane from the storage area. While the crane transports the formwork elements, all construction 

workers are exposed to the potential hazard of fall of an object carried by a crane, including 

those formwork workers. Therefore, since they require the formwork to be delivered, they 

expose themselves to hazards, as well as other workers, such as the workers placing rebar on 

the neighbouring wall. Such semantic distinctions, however, are not important and this hazard 

type will always be assigned as a global hazard, whose source can be traced to the activity 

which caused it. 

Examples of global construction hazards from gathered hazard data: 

 Scaffold collapse 

 Crane failure and collapse 

 Fall of object carried by a crane 

 Fire 

 Explosion 

5.2.4. Specific global hazard types 

During the process of identifying construction hazards, two specific hazard types were 

identified: the global hazard source hazard and general construction hazard. These hazards are 

not global in the sense described in the previous subsection. Their “globality” is manifested 

differently. The global source hazard is global in the sense that a large number of activities can 

cause the hazard. It is known who is exposed to the hazard, but it is not known exactly which 

activity will cause the hazard to occur. Therefore, the hazard has a global source. Examples of 
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such hazards are an object falling from a scaffold and injuring a worker underneath and the 

electrocution hazard. 

Additionally, general construction hazards were identified as hazards to which all workers are 

exposed just by working on the construction site. They may be self- or peer-induced but they 

are so widespread that virtually anyone can be affected by them. All activities on the 

construction site can cause these hazards and it would be unfeasible to add the hazards to every 

activity. For that reason, such general hazards are added automatically to every construction 

activity and to every construction workgroup. A general construction hazard, for example, is a 

worker injuring himself with power tools. A tripping hazard, or a worker hitting his head on 

something are excellent examples of hazards which are both global source and general 

construction hazards. 

 

5.3. Construction hazard and construction activity data gathering process 

5.3.1. Hazard data gathering sources 

Hazards were collected to form a preliminary Construction Hazard Information Database. The 

purpose of such a preliminary database is to see whether integration with BIM models through 

the System is possible. Therefore, the Database consists of not all potential hazards which may 

occur during the construction phase, but of a sufficient number of hazards of all types. To gather 

the hazards, several types of sources were used. 

According to Croatian legislation, specifically the Ordinance on Health and Safety on 

Temporary and Mobile Construction Sites [49], which is harmonised with EU Directive 92/57 

EEC on the implementation of minimum safety and health requirements at temporary or mobile 

constructions sites [50], every construction site needs to have a site safety plan (Plan izvođenja 

radova in Croatian). The Ordinance prescribes the content of the plan and requires the Health 

and Safety Coordinator to identify the hazards faced by the workers on each construction site 

and hazards which may be specific to that site. Therefore, these site safety plans, which display 

both global and specific hazards for each project, were identified as a potential source to extract 

hazards for the Database. 

The second source for hazard identification was risk assessments for places of work. Each 

employer is required by law [14] to identify all hazards for all places of work faced by his 

workers. This, of course, includes construction companies and their workers. The difference 
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between these risk assessments and safety plans is that the risk assessment lists all activities a 

worker performs in a certain workplace and all the hazards the worker can face by performing 

his duties. The site safety plan, on the other hand, lists the hazards which workers working on 

a certain construction site may face. Neither of those two sources provides a one-to-one, or a 

one-to-many, link between an activity and hazards the activity poses. This fact complicated data 

gathering, since the hazards were not just simply copied from the sources, but had to be 

extracted, inferred, identified and concluded from unstructured data. 

The third hazard source used for gathering hazards were books and scientific and professional 

papers on construction safety. A number of books, journal and conference papers dealing with 

construction safety show examples of safety hazards, safety (and design) suggestions, and other 

info which may be used to identify a hazard for the Database. Books on construction safety also 

offer a wealth of potential hazards which may be used for the Database. This third source, 

however, also does not provide a specific link between activities and the hazards they cause. 

5.3.2. The need for a database 

The fact that such documents which link specific activities to specific hazards they face do not 

exist, amplifies the need for a database such as the one developed in this research. The hazard 

gathering sources in the research are too general to be useful for specific hazard identification. 

They are used to globally identify the hazards the workers may be exposed to and to globally 

plan for prevention measures, mostly PPE (personal protective equipment). 

There is no construction hazard data describing potential hazards in ways such as: “By working 

on formwork assembly a carpenter: may injure himself by cutting his finger while cutting wood; 

can hit himself on the hand with a hammer while assembling formwork plates; a formwork 

scaffold may fall and injure the worker; can cut his hand on the placed rebar; …” This 

Construction Hazard Database provides exactly such a connection, enabling automated hazard 

identification for every BIM model element and for every construction activity included in the 

Database. 

An additional important feature of the Database is that it not only contains the hazards resulting 

from accidents, but also the hazards which result in work-related illnesses. Almost all the 

literature reviewed for this research focuses on the safety aspect of Health and Safety, mostly 

ignoring health issues of construction workers caused by professional illnesses developed while 

working in the construction industry. 
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5.3.3. Hazard information sources 

Construction site safety plans were gathered from two sources: the largest construction 

companies in Croatia and from Health and Safety Coordinators. The plans were chosen to be 

representative of a wide variety of construction projects, but were mostly focused on large 

construction projects, featuring many different construction activities and hazards. On the other 

hand, since small construction sites may have some specific hazards, they too were included in 

the sample. In total, 27 site safety plans were collected and processed to gather construction 

hazards. 

The plans included the construction of a hospital, hotels, residential buildings, a supermarket, 

an office building, a school, an industrial complex, and other buildings with some particular 

interesting difference from the others such as a completely precast concrete structure, or 

specialty works needed for the building’s construction (such as the top-down method). To 

further improve the chance of identifying a large number of hazards, other building types were 

included in the research which are not in the current research scope, such as a road, a bridge, 

an overpass, an agglomeration, a hydroelectric power-plant reconstruction, TV tower 

reconstruction and works on preventing a landslide. 

Some of the plans were made “in house” by the construction companies’ own construction 

Health and Safety Experts, while others were made by external Health and Safety Coordinators 

ensuring variety in the sample, opinion and experiences. Along with the large contractors, some 

plans were collected directly from Health and Safety Coordinators working on the market as 

freelancers. 

It was soon discovered that site safety plans are extremely similar to each other regardless of 

the project type, project size and the H&S Coordinator who made the plan. They were however 

an excellent source for hazard identification, with totally 127 hazards identified out 151 total 

hazards identified in the first round. From the first plan, 68 hazards were identified, 17 hazards 

from the second plan, 4 from the 3rd, 7 from the 4th, 2 from the 5th, 0 from the 6th, 5 from the 

7th, 0 from the 8th, 4 from 9th, 3 from 10th, 2 from 11th, 10 from 12th, 5 from 13th and 0 from all 

the rest of the site safety plans. A detailed and clear overview of the sample size and hazards 

identified from each of the site safety plans and risk assessments is presented in Table 9. After 

the last 14 site safety plans were examined and no new hazards were identified from them, it 

became evident that a point of diminishing returns had been reached. This means that even if 

more site safety plans were examined, the number of hazards identified would be highly 
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disproportional to the effort input in the identification process. Similar reasoning was found in 

the research by Hallowell and Gambatese [43] when they stopped field observations after no 

new activities were observed in 16 continuous hours of observation. 

Table 9. Sample for identifying construction hazards and number of hazards identified 

# 
Site safety 
plan / Risk 

assessment 

Number of 
hazards 

identified 
Project type 

Project 
size* 

Source of the risk 
assessment 

Made by the 
construction 

companies' or an 
external H&S expert 

1 
Site safety 
plan 

68 
Commercial and 
residential building 

Large 
Construction 
company 

Internal 

2 
Site safety 
plan 

17 Hospital Large 
Construction 
company 

Internal 

3 
Site safety 
plan 

4 
School gym with a 
swimming pool 

Large 
Construction 
company 

Internal 

4 
Site safety 
plan 

7 Commercial Large 
Construction 
company 

Internal 

5 
Site safety 
plan 

2 
Hospital 
reconstruction 

Medium 
Construction 
company 

Internal 

6 
Site safety 
plan 

0 
Commercial and 
residential building 

Medium 
Construction 
company 

Internal 

7 
Site safety 
plan 

5 Shopping centre Medium 
Construction 
company 

Internal 

8 
Site safety 
plan 

0 
Commercial and 
residential building 

Large 
Construction 
company 

Internal 

9 
Site safety 
plan 

4 
Airport terminal 
reconstruction 

Large 
Construction 
company 

External 

10 
Site safety 
plan 

3 Residential building Medium 
Construction 
company 

External 

11 
Site safety 
plan 

2 Hotel complex Medium 
Construction 
company 

External 

12 
Site safety 
plan 

10 
State road with a 
bridge and an 
overpass 

Large 
Construction 
company 

Internal 

13 
Site safety 
plan 

5 

Water supply system 
reconstruction and 
sewer system 
construction 

Large 
Construction 
company 

Internal 

14 
Site safety 
plan 

0 Residential building Small 
Health and safety 
coordinator 

External 

15 
Site safety 
plan 

0 
TV tower 
reconstruction 

Small 
Health and safety 
coordinator 

External 

16 
Site safety 
plan 

0 
Landslide 
rehabilitation 

Small 
Health and safety 
coordinator 

External 

17 
Site safety 
plan 

0 
Hydroelectric power 
plant reconstruction 

Large 
Health and safety 
coordinator 

External 

18 
Site safety 
plan 

0 
Shopping centre and 
residential 

Large 
Construction 
company 

Internal 
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19 
Site safety 
plan 

0 
Commercial 
skyscraper 

Large 
Construction 
company 

Internal 

20 
Site safety 
plan 

0 
Commercial and 
residential building 

Medium 
Construction 
company 

Internal 

21 
Site safety 
plan 

0 Hotel reconstruction Large 
Health and safety 
coordinator 

Internal 

22 
Site safety 
plan 

 0 
Partial demolition 
and reconstruction of 
a hotel 

Large 
Health and safety 
coordinator 

Internal 

23 
Site safety 
plan 

 0 Villa reconstruction Medium 
Health and safety 
coordinator 

Internal 

24 
Site safety 
plan 

 0 
Reconstruction of a 
tourist villa and pool 
construction 

Medium 
Health and safety 
coordinator 

Internal 

25 
Site safety 
plan 

 0 
Refurbishment of a 
hotel 

Medium 
Health and safety 
coordinator 

Internal 

26 
Site safety 
plan 

 0 

Construction of a 
beach club, external 
pool and beach 
refurbishment 

Medium 
Health and safety 
coordinator 

Internal 

27 
Site safety 
plan 

0 

Construction of an 
elementary school 
with a sports gym 
and outdoor sports 
playing field 

Medium 
Health and safety 
coordinator 

Internal 

28 
Risk 
assessment 

17 N/A N/A 
Construction 
company 

Internal 

29 
Risk 
assessment 

7 N/A N/A 
Construction 
company 

External 

30 
Risk 
assessment 

0 N/A N/A 
Construction 
company 

External 

31 
Risk 
assessment 

0 N/A N/A 
Construction 
company 

External 

       

*project size determined by amount and complexity of work needed to be carried out.  

 

The second source for gathering construction hazards (risk assessments for places of work) 

varied significantly from one construction company to another, not by quality but by 

presentation. These assessments included a lot of documents from which the hazards could be 

identified, including: general information, list of dangerous machinery and substances, list of 

personal protective equipment required for each workplace, and one risk assessment had a list 

of previous injuries incurred by the workers. However, the best hazard gathering sources from 

the assessments were the ARMOR forms (acronym of Analiza Radnih Mjesta i Opasnosti na 

Radu in Croatian, translated to English as Analysis of Workplaces and Dangers Faced by 

Workers). These forms list all the activities included in the job description for each workplace 

and hazards which the worker is faced with. Moreover, a risk assessment is given for each of 
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the hazards and harms. A lot of the hazards previously identified in the site safety plans were 

again discovered in the risk assessments. Even though a large number of hazards were 

previously identified, 24 new hazards were identified from 4 hazard assessments. The first risk 

assessment yielded 17 new hazards, the second yielded 7, the third and fourth yielded no new 

hazards. Another good use of the risk assessments was to compare if the previously discovered 

hazards are mentioned in the risk assessments. A large overlap was found which confirmed that 

the hazards are indeed present and important. 

Construction safety books and articles were the third construction hazard gathering source. The 

specific sources were chosen from the literature already researched for the literature review 

chapter. This source unfortunately yielded no new hazards. The main reason is that a large 

number of professional documents made specifically to identify potential hazards were 

processed first. However, as with risk assessments, it was useful to see that the previously 

mentioned hazards were mentioned again in the literature. 

Work safety reports (Elaborat zaštite na radu in Croatian) were not used to gather hazard data 

since they are focused on the safety of the end-user of the building and on building maintenance. 

This phase is currently outside the research scope, since it focuses on Health and Safety of 

construction workers. 

5.3.4. Construction activities data gathering 

It was previously elaborated that the Database consists of two separate but interconnected parts. 

So along with the hazards, construction activities also needed to be collected for the Database. 

The research is limited to construction activities of the building structure, specifically to certain 

BIM model elements: column, beam, wall, staircase, slab, horizontal and vertical 

reinforcements, lintels, foundations and roof structures. The first step was to identify all 

structural BIM model elements and the second step was to identify all material types the 

element can be constructed of. For example, columns can be constructed from concrete, 

reinforced concrete, bricks, wood, steel and prefabricated reinforced concrete. In total, 30 

combinations of BIM model elements and materials (presented in Table 10) were identified. 

This process is shown in Figure 32 for three different elements: wall, slab and beam. A wall 

can be constructed of concrete, reinforced concrete and masonry; a slab can be constructed only 

of reinforced concrete; and beams can be constructed of reinforced concrete, wood and steel. 
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Table 10. Types of materials and model elements 

 Material type 

Element type Concrete 
Reinforced 

concrete Masonry Wood Steel 
Prefabricated 

RC* 

Column x x x x x x 
Wall x x x     x 
Beam   x   x x x 
Slab   x       x 
Foundation x x       x 
Stairway   x   x x x 
Horizontal 
reinforcement   

x 
        

Vertical 
reinforcement   

x 
        

Lintel   x       x 
Roof structure       x x x 

*Reinforced concrete 

 

 

Figure 32. BIM model elements and materials 

In the next step, the activities needed to construct the element were identified for each possible 

element and material combination. For instance, for reinforced concrete beams, the activities 

include: placing formwork for the beam, placing the rebar for the beam, concrete pouring and 

finally formwork removal. Some of the activities are similar for different elements and cause 

the same hazards no matter which element is being constructed. Concrete pouring, for example, 

is similar for different element types and rebar placing has the same hazards regardless if the 

element in question is a slab or a beam. Similarly, formwork construction activities for all 
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horizontal structural elements share the same hazards, as do the formwork activities for all 

vertical elements. Figure 33 presents the link between wall and beam element types and the 

activities needed to construct the element. 

 

Figure 33. Link between BIM model and material types and construction activities 

In total, 61 construction activities needed for constructing 30 separate BIM model elements 

were identified. These 61 activities were then further divided into subactivities.  It was soon 

determined that a large number of construction activities have the same subactivities, which 

were identified as unique subactivity types. The activity “removal of formwork for reinforced 

concrete slabs”, for example, consists of the following subactivities: Lowering the formwork 

by lowering the vertical prop’s head, removal of the formwork boards, removal of the secondary 

and primary support beams and vertical props, cleaning the formwork, and transporting the 

formwork to the warehouse or the next place where it is needed. Formwork disassembly for 

beams, stairways and lintels all share these subactivities. A total of 256 sub-activities were 

identified. Further division of subactivities into job steps was not necessary, since construction 

plans are extremely rarely planned in such level of detail and since hazards are not specified at 

such level of detail. 

Connections between activities and subactivity types is presented in Figure 34. The example 

shows that in some cases subactivities are the same for some activities regardless of the element 

and in some cases even the material is, too, since the concreting activity for a concrete column 

and a reinforced concrete beam share the same subactivity types. In the case of formwork works, 

only some of the subactivities share the same elements, while having other unique ones.  
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Figure 34. Link between construction activities and unique subactivity types 

Activities currently included in the Construction Process Database are those that can be 

attributed to certain BIM model elements. There are, however, activities that do not directly 

result in construction of a BIM element, such as ground clearing, digging, trenching, 

preparatory works, transportation and unloading of materials, cleaning the construction site, 

and scaffold assembly and disassembly. These activities also cause hazards (some of which are 

already present in the Construction Hazard Information Database) and will need to added in the 

Construction Process Database as general construction activities in subsequent research. 

Risk assessments for places of work were once again used as a control mechanism to determine 

if the relevant activities were identified, since they also list all the activities a worker conducts 

at a workplace. When the risk assessments were cross-referenced with the list of activities the 

workers perform on a construction site no new activities were identified, proving that all 

construction activities relevant to the research were already included in the Database. 

5.3.5. Process of identifying hazards from the resources 

The first steps in identifying hazards were briefly touched upon previously in this chapter. The 

sources were gathered from both prominent contracting companies in Croatia and Health and 

Safety Coordinators with enough experience in the field. Since the regulation has only recently 

gained widespread adoption, it was determined that 2 or more years of experience working as 

a H&S Coordinator or authorship of more than 5 Health and Safety plans for larger projects 

classify a person as an expert in the field. Employees working for the construction companies 

were Health and Safety specialists working in the construction industry. The position they hold 

in a large construction company validates them as experts in the field. Contacts with them were 

made first through their company’s management, followed by a personal telephone call to 
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explain the request and to arrange a personal meeting. The data was gathered through June, July 

and August 2017. 

During the meeting, a more comprehensive description of the planned System and Database 

was given, while answering any questions they may have had. Following a short discussion on 

their experience in the industry, the projects they had worked on and issues they had faced, 

more detailed description of what would be expected of them in the scope of the research was 

given. First, their Health and Safety documents, the risk assessments for places of work, site 

safety plans for some of their most complicated construction sites and any additional 

information or documentation which may be useful to the research was requested. Additionally, 

they were asked if they would like to take part in the validation phase of the research. All were 

extremely interested in the research and its application, and were glad to help out with their 

experience, documentation, and to take part in the validation phase. 

A small exception was one Health and Safety professional who was away from office for an 

extended period of time, and we could not organise a meeting. A telephone conversation was 

held featuring the same elements as face-to-face meetings, and documents were received by 

email. The call lasted about half an hour, while the interviews lasted from half an hour up to an 

hour. 

After the initial documents were gathered, the following stage consisted of successively going 

through the documentation. With no discerning difference between the site safety plans and risk 

assessments in the way of how to gather hazards, the plans were arbitrarily chosen to be the 

first source. The plans were read and the parts of the plans which explicitly contained a hazard 

or a hazard could be inferred from the text were highlighted and comments were made as to 

what hazard was identified. The process was repeated with all the plans and even if a hazard 

was repeated in many plans, it still was marked. The same process was repeated with the risk 

assessments and the hazards sources from literature. 

Along with information for the Database, the structure and contents of each Database entry 

(data entry sheets) also needed to be defined. This step took place in parallel with going through 

the hazard information sources. The structure and contents were compiled primarily from the 

requirements of the System and the requirements placed upon the Database by the research 

(searchability, filterability, …). Another source for ideas on how to structure the data entry 

sheets were previous experiences from literature and ideas gathered from studying the hazard 

gathering sources themselves. 
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The scope of this research is limited only to defining the requirements and other characteristics 

of the Database. Choosing the most appropriate database type for integration with BIM models 

is a technical, not a research problem. Database design and elements, however, still need to be 

displayed and explained. The simplest method to show how the data needs to be structured is 

using MS Excel, which will mimic the hazard information sheets of the future Database. The 

hazards and activities were not therefore input in a database format, but rather manually entered 

in forms created in an MS Excel spreadsheet. An example of the initial hazard entry sheet is 

shown in Figure 35.   
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Figure 35. Initial hazard entry sheet 

 

Answer

Injury

Work related illness

Biological

Electrical

Gravity

Chemical

Mechanical

Motion

Radiation

Thermal

Pressure

Force majeure

Sound

Other

Self‐induced

Peer‐induced

Global

Negligible

Small injury

Injury

Serious injury

Permanent disability 

Horizontal radius

Above

Below

Perpendicular to the 

All directions
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Below

Perpendicular to the 

All directions

Area of influence for 

global hazards

Connected to BIM element

Hazard type ‐ by 

influence on the 

workers:

Frequency of the hazard's occurrence

Severity of the hazard's occurrence

Possible severity 

outcomes and their 

probabilities

Area of influence for 

peer‐induced hazards

Hazard name

Ordinal number

Description

Hazard type by hazard's 

consequence

Hazard's energy source

Dependant on human error? (yes/no)

Connected to a construction activity
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Figure 36. Updated hazard entry sheet 
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Additional information

Injury
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5.3.6. Iterations of the hazard identification process 

During hazard identification, a total of 151 hazards were identified. However, it was clear that 

some of the hazards were almost duplicate, could be merged or needed to be split from one 

another. Additionally, some hazards entered in the Database are not directly connected to 

activities in the Construction Process Database. They weren’t excluded because they can pose 

hazards to the workers working on the activities that are in the Database, and since the activities 

which pose these hazards are only momentarily outside of the research scope. 

After completing the initial Database, ideas for improvement were discovered. Some fields in 

the forms were deemed unimportant and some needed to be added, such as whether the hazard 

is dependent on the location of the BIM model element (e.g., whether the element is at height, 

next to a leading edge, or below ground) and whether the hazard is dependent on the spatial 

characteristics of the BIM model element (e.g., the element’s height which determines the need 

for temporary scaffolds). These changes were incorporated into the updated hazard entry sheet 

displayed in Figure 36. 

Additionally, two hazard subtypes were identified and places to enter this additional 

information needed to be included in the hazard entry sheet. The first subtype is “hazards with 

a global source” and the second subtype is the “global site hazards”. Details regarding these 

two global hazard subtypes were explained in detail in the subsection titled “Specific global 

hazard types” earlier in this chapter. 

Regarding the Database content, some almost duplicate entries were discovered (e.g., noise 

hazard from working on a saw and noise hazard while working on cutting metal are basically 

the same hazard, the only difference being the machine producing the sound) and since new 

information had to be added in the forms it was necessary to refine the Database. During the 

second iteration, some hazards were merged, some were split, and some were expanded and 

improved to include more information. They were also revised if an error was made in the first 

iteration regarding the hazard source, hazard type, area of influence, or other, enabled by a more 

complete knowledge of construction hazards. The final version of the Database lists 115 

construction hazards. The entire process of hazard identification and subsequent optimisation 

is presented in Figure 37. 
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Figure 37. Hazard identification and Database optimisation process 

 

5.3.7. Connecting hazards and activities 

After the hazard entries were optimised, the next step was to connect the hazards with 

construction activities. To that end, the hazards were first rearranged and grouped to simplify 

linking with the activities which produce the hazards. They were grouped into the following 

categories: 

 Hazards resulting from formwork works; 

 Hazards resulting from reinforcement works; 

 Hazards resulting from concreting; 

 Hazards resulting from masonry works; 

 Hazards resulting from earth works; 

 Hazards resulting from montage works; 

 Global hazards; 

 Transportation, crane and warehouse related hazards; 

 General construction hazards; 

 Hazards dependant on the location of the BIM model element; 

 Physiological hazards; 

 Hazards resulting from construction machinery and equipment; 

 Other hazards. 

The next step was manually adding construction activities to the hazards. This is a critical step 

since errors can cause hazards not to be identified on the construction site. For the purpose of 

this research, the hazards and activities were linked by adding the code of all related 

construction activities in the hazard entry sheets. In later research, the hazards and activities 

will be entered in such a way to enable fulfilling all requirements placed upon the Database as 
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described in this and in previous chapters. Further disclaimer pertains to the actual connections. 

While great care was taken when connecting the hazards and activities, errors possibly 

occurred. Some hazards may not have been connected to all the activities which cause them 

(false negative), and on the other hand some activities may be connected to hazards they do not 

cause (false positive). Since this stage of the Database is to be used only for research purposes 

and to provide answers to whether connections between activities and hazards are possible, a 

high degree of accuracy is not required. For use in real life, the Database needs to be thoroughly 

checked by relevant experts to determine that all hazards and activities were identified and 

correctly linked. 

 

5.4. Entering and editing construction hazards and activities 

5.4.1. Entering new hazards and activities in the Database 

The Database needs to have the capacity for the user to enter new activities and hazards and to 

modify existing ones. The construction industry varies from country to country, safety practices 

additionally vary from one construction company to the other, and project specific 

characteristics further differentiate one construction site from the other. These facts make it 

difficult to have a comprehensive database of construction hazards readily suitable for all 

construction industries. For example, different countries have different traditions in 

construction with using different materials and technologies and consequently different 

construction activities. If a construction activity present in one industry does not exist in the 

Database, there needs to be a way to introduce it. New activities potentially bring new, as yet 

unidentified hazards, which in turn also need to be entered into the Database.  

Another potential issue is the accuracy of the entered data in all possible cases. The Database 

can have some proposed probability and severity values entered for the hazards, but the values 

might not be valid for all construction companies. Some companies can have better safety 

culture and safety measures in place, making some hazards less likely to appear and lowering 

their probability rating. Conversely, another company may have poor safety standards in place, 

which result in a higher probability of a hazard’s occurrence. The same can be applied for the 

hazard’s severity. If a company has implemented safety measures, the potential outcome of an 

accident can be less severe. 

In these circumstances it would be beneficial and perhaps even necessary for the safety expert 

to modify the hazard’s probability or severity scores. Other information about the hazard should 
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also be available to the safety expert for modification. It is important to stress that the safety 

expert is still the person responsible for estimating risk levels and planning safety measures 

based on the results of the System. The Database and System are only tools which aim to make 

the safety expert’s job easier, and as merely tools they cannot assume any responsibility if 

probability and severity are improperly assessed. For the purpose of demonstrating how 

construction hazards and activities could be entered into the Database and edited, two forms 

were created and will be presented in the following subsections.  

Two other elements used by the System in the hazard identification process, BIM model 

elements and construction worker workgroups, are pre-entered in the Database. Since these 

elements are vital for the proper connection of the model elements from the BIM model to the 

elements in the Database, higher authorisation and more in-depth knowledge of their 

interconnection is needed to enter new workgroups, BIM element types and construction 

materials.  

5.4.2. Construction hazard entry form 

The construction hazard entry form is divided into several sections (the entire form is presented 

in Appendix 2). The first section, pictured in Figure 38, shows the questions related to general 

information on the hazard. Firstly, the user needs to enter the hazard’s name, additional 

information if needed to better explain the hazard and the type of hazard based on the 

consequence the hazard can have. The hazard can either cause an injury if its effect after an 

accident is immediate, or the hazard’s effect can be over a prolonged exposure and the hazard 

causes professional illnesses. In some cases, a hazard can have both effects, such as exposure 

to loud noise. Short-term extreme exposure can cause deafness, but so can prolonged exposure 

to not such extreme noise. 
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Figure 38. General information on the hazard 

 

The second section (presented in Figure 39) further details the hazard’s type by defining its 

energy source and who is the source and object of the hazard. Energy sources were adopted 

from reviewed literature sources [67, 139], while the types based on who causes the hazards 

and who is affected by the hazard were already defined in this research. The third and fourth 

questions in the form resulted from identifying the need to further specify global hazards and 

add these attributes to hazards. The fifth question lets the user enter whether a hazard is 

dependent on the worker’s error. If it is, then additional focus for these hazards needs to be 

worker safety training. 
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Figure 39. Types of hazards 

The third section describes the connection of the hazard to BIM elements and activities. This 

section (pictured in Figure 40) is extremely important for the Hazard Integration System since 

the information entered in this section enables correct association between the BIM model 

elements, activities and construction hazards. The questions come in pairs, where the first one 

is a yes or no question and the second requires additional information if the answer to the first 
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question is yes. The first pair of questions determines if the hazard connected to a construction 

activity in the construction process is part of the Database and if so, which activities cause this 

hazard, while the second pair of questions determines the connection to BIM model element 

types and material types in the same way. The third and fourth pairs of questions determine if 

a hazard is caused by other properties which can be inferred from the BIM model: the location 

of a BIM model element, or its specific spatial characteristics. 

 

Figure 40. Information for linking the hazard with activities and BIM model elements 

 

The following section requires entering data used for calculating the hazard’s risk level by 

entering the probability and severity of the hazard. The appearance of this section depends 

largely on the frequency and severity scales defined by the user. Depicted here in Figure 41 are 
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the severity and frequency scales prescribed by Croatian legislation [21] with the addition of 

the probability of possible severity outcomes described later in this chapter. 

 

Figure 41. Information for risk level calculation 

 

The final section (presented in Figure 42.) is required only if the hazard is a peer-induced or a 

global hazard. In case of such hazards, the area of their influence is needed for the System to 

calculate the exposure area of the hazard. There are five different directions of the hazards 

influence and all but one are self-explanatory from their names. The “perpendicular to the work 

front” direction means that the hazard is in the direction of work being carried out, which might 

be similar to the “horizontal radius” direction, but the difference is that these hazards have effect 

exactly on the place of work or exactly in front of the place of work. Examples of such hazards 

include being hit by a blast of jet grouting, or getting cut by a protruding rebar. 
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Figure 42. Information on area of influence 

 

5.4.3. Construction activity entry form 

New construction activities can be entered into the Database in a similar fashion as the hazards. 

For this purpose, the construction activity entry form was created and is presented in Appendix 

3. Since activities require less information, the form is divided only into two sections, one with 

general information on the activity and productivity information (pictured in Figure 43), and 

the one with information for linking the activity to hazards and BIM model elements (pictured 

in Figure 44.). 

The first section requires the name of the activity, additional information if required, and to 

classify the entry as an activity or a subactivity. This distinction and the differences between 

the two were elaborated previously in this chapter. Furthermore, for the System to be able to 

determine the duration of an activity if there is no time schedule, the Database needs to have 

information on the productivity of workers performing the activity, while quantities of work 

are already available from the BIM model. The same process can even be used to check the 

time schedule for inconsistencies if there is significant deviation from the planned duration and 

the duration calculated by the System. Therefore, the activity entry sheet makes it possible to 

enter the dimension (m2/h, pcs/h, t/h,…) and the numerical value of the productivity 

information. 
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Figure 43. General information about the activity 

The second and final section requires the information on which construction worker workgroup 

conducts the activity, the data for categorisation of the activity and the data needed to correctly 

link the activity to BIM model elements. 
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Figure 44. Information for linking the activity to hazards and BIM model elements 
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5.4.4. Editing existing entries in the Database 

Modifying entries in the Database should function similarly as entering new ones, only instead 

of a blank form, the answer sheet is populated with previously entered data. To edit an entry 

the user should only enter the hazard’s or activity’s code or name in a dialog box of the 

Database’s “Modify existing entries” feature. At this moment, a disclaimer with a liability 

waiver should pop out detailing that changing the pre-entered values is at the user’s own risk. 

Reasons for modifying the entries are numerous. For example, a hazard present on one of the 

construction sites is already entered in the Database, but the probability of the hazard is lower 

for the company the safety expert works for. Instead of entering a new hazard with all the 

identical information, save for the value of probability, the expert can simply edit the probability 

in the existing hazard. Duplicating hazards would potentially cause confusion as to which 

hazard is “the latest” and which one has the correct values. Moreover, re-entering information 

for a hazard is more time consuming then editing existing information, especially since the 

“old” hazard would need to be disconnected from all construction activities and the new one 

connected. 

 

5.5. Probability, severity and risk levels 

An important aspect of hazard identification is determining the hazard’s risk level. Usually, the 

risk level is determined indirectly through the perceived frequency and severity of the hazard 

by multiplying the value of a severity outcome with the value attributed to the hazard’s 

probability of occurrence. The result is a quantified version of the risk level for the hazard. An 

additional scale is needed to interpret the risk level into classes, most often designating the risk 

as low, medium or high. 

There are, of course, numerous procedures for calculating risk, by using different formulas, 

frequency scales, severity scales and risk levels identified in construction safety related 

literature. Some of those were described in the previous chapters. 
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5.5.1. Risk quantification used in this research 

The method for calculating risk levels used in this research is that based on the risk matrix 

defined by the Ordinance on Risk Assessments [21]. There are three potential probabilities of 

a hazard’s occurrence and three possible severity levels presented in Table 11. Risk is calculated 

by multiplying frequency and severity and is divided into three categories: small risk, medium 

risk and large risk. 

Table 11. Risk assessment matrix [21] 

SEVERITY 
PROBABILITY 

Minor injury 
(1) 

Medium injury 
(2) 

Catastrophic injury 
(3) 

Not likely (1) Small risk (1) Small risk (2) Medium risk (3) 

Likely (2) Small risk (2) Medium risk (4) Large risk (6) 

Very likely (3) Medium risk (3) Large risk (6) Large risk (9) 

 

Probability scales are categorised as follows [21]: 

 Unlikely – injury is not likely to occur during the worker’s professional career. 

 Likely – injury may appear only few times during the worker’s professional career. 

 Very likely – injury may appear several times during the worker’s professional career. 

Severity scales are similarly categorised [21]: 

 Minor injury – injuries and illnesses which do not cause prolonged pain such as small 

scrapes and cuts, irritations, headaches,… 

 Medium injury – injuries and illnesses which cause moderate and prolonged pain such 

as larger and deeper cuts, smaller fractures, first and second degree burns, allergies,… 

 Catastrophic injury – injuries and illnesses which cause severe and prolonged pain 

and/or death such as amputations, complicated fractures, cancer, second and third 

degree burns on a larger area of skin,… 

This risk quantification method is extremely simple to use, and while it may be considered too 

crude or inaccurate, it still serves the purpose of determining risk levels and seeing whether the 

proposed System and the Database can be used to identify construction hazards and quantify 

their risk levels. The main reason for using this particular methodology is because it is 

prescribed by Croatian legislation and members of the expert panel who will assess the research 
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are most familiar with this method. Not much would be gained in terms of academic rigour by 

using a more complex risk assessment method. 

Hazard entries in the Database are populated with information on probability and severity. 

These values are extrapolated from available information in risk assessments for places of work 

which do not take into account all identified hazards and all possible factors which may drive 

the values up or down. It was decided to include values for illustrative purposes to show how 

the Database might look when completed. It is important to note that the research does not claim 

that any of the values are correct since they were not verified by safety experts. The values at 

this stage of the Database were entered purely for academic purposes and are not to be used on 

real construction projects. 

Values in the industry-ready version of the Database should be averaged from a large number 

of expert opinions and validated by external experts. Even then, each safety expert should 

critically examine each hazard’s probability and severity in the context of the company he/she 

works for and the construction project the hazard appears in. 

5.5.2. Adaptability of the risk assessments 

Just as probability and severity values of a hazard may be different across construction 

companies, risk quantification may be different across construction industries. Different 

countries can have different requirements for calculating a hazard’s risk level, different methods 

for classifying risk, different scales for probability, severity and risk levels and even formulas 

for calculating risk. All of this also applies when a construction company wishes to impose 

stricter risk calculation than that prescribed by legislation. 

If the System and Database are to be used in the construction industry, the section on risk 

assessments needs to be adaptable. A programmable interface should be included to enable the 

user to tailor the risk quantification process to his/her needs. A possible modification to the risk 

quantification method is detailed in the following subsection. 

Aspects of the risk quantification process which the user should be able to change include:  

 Probability scales: changing the number of probability scales, value of each scale, 

definition of each scale; 

 Severity scales: changing the number of severity scales, value of each scale, definition 

of each scale; 
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 Risk levels: changing the number of risk scales, risk values needed for each risk scale, 

definitions of each risk scale; 

 Changing risk calculation formulas; 

 Adding additional variables into the risk calculation process. 

5.5.3. Probability of a hazard’s severity 

Some hazards can have various degrees of potential outcomes, depending on particular 

circumstances. Current quantification methods only take one of the possible severities into 

account when in reality a wide range of potential consequences are possible: not all falls from 

height are lethal, and neither are all cuts non-lethal. Therefore, a certain probability of each of 

the potential outcomes regarding the hazard’s severity needs to be considered. 

Take a worker falling from a ladder as an example. The hazard has a small probability of 

occurrence and three potential outcomes if it does actually occur: severe, intermediate and 

negligible. The worker may be uninjured resulting in negligible consequences, he can break his 

arm resulting in intermediate consequences, or he can fall and hit his head resulting in 

potentially severe consequences.  

Taking the probability of each of the severities is not the Database’s default setting, but rather 

a potential to improve the accuracy of determining the hazard’s actual risk level. The safety 

expert can enter the expected frequency of the hazard and instead of setting a general severity 

rating, the severity is input by determining the expected percentage of all possible severity 

outcomes. 

If a hazard has the probability rating of 2 and severity rating of 2, then the hazard’s risk level is 

4. However, if the hazard has a 20% chance of a negligible outcome, 50% chance of 

intermediate and 30% chance of a severe outcome then its risk level is calculated as: 

R=2*(0.2*1+0.5*2+0.3*3) =2*(0.2+1+0.9) =2*2.1=4.2. 

The difference in this example is not extreme, but may still improve the estimation of the 

hazard’s risk level. 
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6. Validation 

The previous chapters presented the developed Hazard Integration System and Construction 

Hazards Database, while this chapter aims to validate the results of the research. Validation is 

necessary to show that the conducted research indeed does accomplish the goals which were 

set out and that it proves (or disproves) the hypotheses. Additionally, validation can be used to 

collect information on the usefulness of the proposed research and on potentials for 

improvement. 

6.1. Methodology 

To conduct the validation process, the first step was to determine the most suitable 

methodology. There are several ways in which research results can be validated. Similar 

previous studies, for example, have used proof of concept, interviews, surveys, comparisons 

between manual and automated safety scoring, case studies and expert panels. This research, 

due to the type of information that needs to be gathered, uses a combination of an interview and 

a questionnaire administered to relevant experts to gather information. Other methods such as 

proof of concept, case studies and comparisons, which would require that a prototype of the 

System is developed, are unsuitable for the current research stage since programming is 

currently outside the scope of the research. 

6.1.1. Requirements for experts 

Two groups of people were chosen to take part in the research validation phase: Health and 

Safety Coordinators and Health and Safety Experts employed in large construction companies, 

since they are the ones directly responsible for H&S of construction workers during the 

construction phase and are deemed as most knowledgeable in H&S in general. H&S 

Coordinators create site safety plans which are legally binding plans on how to construct the 

planned building in the safest way possible and they conduct external control on whether the 

prescribed safety measures are followed. H&S Experts, on the other hand, are employed by 

contractor companies but their duties are similar to those of the H&S Coordinators. They create 

internal site safety plans for the contractor, plan which safety measures are to be used and by 

whom, conduct safety training and monitor whether safety measures are carried out at the 

construction site. Construction site personnel were considered as a third group, but they only 

implement H&S measures prescribed by H&S Coordinators and H&S Experts. 

Validation using expert opinions requires that respondents are qualified to judge the presented 

research. To do so, minimal qualifications need to be prescribed and all respondents need to 
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satisfy the requirements to be qualified as experts. The requirements chosen to qualify experts 

are authorship of a certain number of site safety plans or previous experience in construction 

site safety, depending on the respondent’s group. 

The minimum number of site safety plans needed to qualify an expert is not so easy to determine 

since the complexity of various construction sites and consequently site safety plans can vary 

between either of the two extremes. A large number of site safety plans for small and simple 

construction sites might actually mean that the expert is less capable than the one with only a 

few site safety plans for complex construction sites. Therefore, as a middle ground, it was 

determined that authorship of at least 5 site safety plans for moderately complex construction 

sites is enough to validate the H&S coordinators as experts. For H&S Experts, their expertise 

was determined as relevant by their very position in a large construction company and by their 

previous experience in construction site safety in duration of at least 5 years. 

All respondents were certified as experts before starting the interview and therefore the 

questionnaire contains the question regarding work experience only to determine possible 

variations between different groups of respondents by years of experience. 

6.1.2. Validation process 

The validation process consisted of an interview and an administered questionnaire. The 

potential respondents were contacted by phone and asked whether they would be interested in 

participating in the validation process. A short overview of what would be expected of them 

was given and if they were interested a face-to-face interview was arranged. Most of the 

respondents were the ones already familiar with the research since they were also the ones who 

provided the necessary documentation for identifying construction hazards. 

To prepare the respondents for the interview, a short research summary was created for them to 

read. The first part of the interview was the introduction to the research. If the respondents had 

read the summary beforehand, the research was still briefly explained, and if they had not read 

the summary, the research was explained in more detail. Moreover, if the respondents had 

questions or required further clarification at any point of the interview or the questionnaire, 

answers and clarifications were provided. This introduction lasted around 15 to 30 minutes, 

depending on the number of questions and whether or not a more detailed description of the 

research was needed. After the introduction, a questionnaire was administered to the 

respondents. The questionnaire consisted of 44 questions divided into 10 subgroups. The 
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complete questionnaire can be found in Appendix 4. Interviews were carried out in May 2018 

and each interview lasted for about one hour. 

6.1.3. Test survey 

Before the questionnaire was administered to the respondents, a short testing phase was first 

carried out using the same methodology as the planned validation process. The purpose was, 

on the one hand, to test whether the short description of the System and Database was accurate 

enough for the respondents to understand the concept and the goals of the research, and on the 

other hand, to make sure that the description is short enough so that the respondents have 

complete focus during the explanation phase. Additionally, the questionnaire was also tested to 

see if all the questions were clear enough and whether they provide answers to all the relevant 

questions. The sample for the test survey consisted of several researchers familiar with H&S 

and of more inexperienced H&S Coordinators. A total of 4 respondents took part in the test 

survey. 

The test survey resulted in minor changes to both the questionnaire and the research summary. 

It was found that the initial summary contained some information of marginal importance to 

the validation of the entire System and Database, so the summary was shortened by a few 

paragraphs. The questionnaire also included some questions, answers to which were not as 

relevant for proving the validity of the research, so they too were excluded from the final version 

of the questionnaire. In addition to removing some questions, a number of questions were 

merged together. No new information was added to the summary nor questions to the 

questionnaire, but since the respondents were not qualified as experts, per requirements 

presented in the previous section, their responses were excluded from the final sample. 

 

6.2. Results 

The final sample of respondents consisted of seven H&S Coordinators and three H&S Experts. 

Their answers were gathered and analysed during the period of three weeks in May 2018. The 

interviews were held in Croatian and were not audio recorded since the respondents’ answers 

were immediately written down on printed-out questionnaires. Most of the interviews (seven 

of them) were held one-on-one, and only one interview was conducted with three respondents 

simultaneously. 
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The questionnaire was divided into the 10 following sections: 

 General information about the respondent; 

 General information regarding the System; 

 Model of the Hazard Integration System; 

 System output; 

 Advantages and disadvantages of the System; 

 Construction Hazards Database; 

 Contents of the Construction Hazards Database and the Construction Process Database; 

 Editing the Database; 

 Hazard quantification; 

 Final questions. 

6.2.1. General information about the respondent 

The purpose of the first set of questions was to determine the respondents’ role in the 

construction process, the years of experience they possessed and whether or not they had been 

familiar with BIM beforehand. H&S Coordinators were more numerous (70%) than H&S 

Experts (30%), as is shown in Figure 45, and all but one H&S Expert were familiar with BIM 

(Figure 46). A larger dissipation of answers can be seen in Figure 47, where the years of 

experience vary from under 5 years (2 respondents) to over 20 years (1 respondent). Other 

respondents had 11 to 20 years of experience (2 respondents) while most of the respondents (5) 

had from 5 to 10 years of experience. To reiterate, the work experience was to be used only to 

stratify the results based on age, since all respondents had previously been qualified as experts. 

Their individual responses are presented in Table 12. 

Table 12. Profiles of the respondents 

Respondent Position Years of experience Familiar with BIM 

#1 Health and Safety Coordinator 5-10 Yes 

#2 Health and Safety Expert 5-10 Yes 

#3 Health and Safety Coordinator 11-20 Yes 

#4 Health and Safety Coordinator 11-20 Yes 

#5 Health and Safety Expert 5-10 No 

#6 Health and Safety Expert >20 Yes 

#7 Health and Safety Coordinator 5-10 Yes 

#8 Health and Safety Coordinator <5 Yes 

#9 Health and Safety Coordinator <5 Yes 

#10 Health and Safety Coordinator 5-10 Yes 
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Figure 45. What is your role in the construction process? 

 

 
Figure 46. Are you familiar with BIM? 

 
Figure 47. Years of professional experience 
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6.2.2. General information regarding the System 

The second set of questions posed the following questions to the respondents:  

 Do you consider that construction hazards can be connected to building's structural 

elements through construction activities? (Figure 48) 

 Is the categorisation of hazards into self-induced, peer-induced and global hazards clear 

to you? (Figure 49) 

 Do you consider that this categorisation is appropriate for use by the System? (Figure 

50) 

The questions were of the “Yes/No” type and all the respondents answered “Yes” to all the 

questions. This means that the respondents consider the connection between building model 

elements and hazards through the activities possible, that they understand the proposed division 

of hazards into self-induced, peer-induced and global, and that they consider that this 

categorisation is appropriate to be used by the System. 

 
Figure 48. Do you consider that construction hazards can be connected to a building’s structural elements 

through construction activities? 

 
Figure 49. Is the categorization of hazards into self-induced, peer-induced and global hazards clear to you? 
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Figure 50. Do you consider that this categorization is appropriate for use by the System? 

 

6.2.3. Model of the Hazard Integration System 

This section consisted of four questions, two “Yes/No” questions and two open ended 

questions. The “Yes/No” questions asked the respondents whether the visual representation of 

the model was clear to them (Figure 51) and whether the System’s process flow was 

understandable (Figure 52). All the respondents answered that the model was clear and that the 

process was understandable. 

 
Figure 51. Is the visual representation of the model clear to you? 
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Figure 52. Is the System's process flow clear to you? 

 

The remaining two questions were open-ended and respondents were asked if anything was 

unclear to them (Table 13) and whether they would like to change anything in the model (Table 

14). All responded that everything was clear but two added that the System should be tested on 

an example to see if there are any problems and that potential problems would be easier to 

identify if the System was tested as a prototype. Both are right, however, due to the technical 

limitations, the development of a prototype was unsuitable for the current stage of the research. 

Table 13. Is anything regarding the model unclear to you? If yes, please specify what is unclear? 

Respondent 
Is anything regarding the model unclear to you? If yes, please specify what is 
unclear? 

#1 No 
#2 No 
#3 No 
#4 No 
#5 No 
#6 No 

#7 
No. Potential problems would be easier to identify if the System was tested as a 
prototype. 

#8 No, but the System should be tested on an example to see if there are any problems. 

#9 No 

#10 No, but in final stages mitigation strategies could be added. 
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Answers to the second question from this section were a bit more varied. Most respondents 

answered that they wouldn’t change anything, or that they would add mitigation strategies in 

later stages of the research. These comments are in line with the proposed continuation of the 

research. Another suggestion included improving the input phase to include location specific 

hazards and site management characteristics, which could be implemented as perhaps a general 

construction site safety index, and location specific hazards could be entered into the Database, 

if they were not already entered. One respondent, however, raised serious concern with a part 

of the hazard identification process when the construction schedule is unavailable. 

Unfortunately, as with any computer-generated result, even though there are plans to clearly 

display warnings that not all hazards may have been identified, the user can always ignore them 

and make the situation even worse than it would be without using the results of the System. 

Additional efforts to include expected hazards could be made, but they are currently outside of 

the research scope. 

Table 14. Is there anything you would change in the model? If yes, please specify what you would change. 

Respondent 
Is there anything you would change in the model? If yes, please specify what you 
would change. 

#1 No 

#2 
I would continue the process after hazard quantification to include planning safety 
measures. 

#3 No, since the model is in its inception phase. 

#4 
Perhaps the possibility to improve the input parameters, since every construction 
site is unique and could have location specific hazards. Also construction site 
management plays a large role in safety at each site.  

#5 

I see the part of the System without a construction schedule as a problem. A site 
superintendent or foreman could blindly follow the results of the System and not 
plan for other hazard types. And if an accident does occur, he could say that he used 
the System and planned for the hazards he got as a result. Other hazard types should 
still be included in some way, perhaps as usual hazards which are to be expected at 
a certain point in time. 

#6 
No, a deeper analysis should be performed and perhaps then some suggestions could 
be made. 

#7 No 

#8 No 

#9 No. Mitigation strategies could be added later to have a complete product. 

#10 No, but in final stages mitigation strategies could be added. 
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6.2.4. System output 

The fourth section contains questions pertaining to the System’s output. It consists of one 

“Yes/No” and two open-ended questions. The first question (results presented in Figure 53) 

asked the respondents whether they consider the System's output, the list of hazards to which 

the workers are exposed, to be correctly defined and structured. All respondents consider the 

output to be correctly defined and structured. In the second question, the respondents answered 

questions on whether the output would be useful to them, and what they would use it for. All 

responded that they find the results useful and their individual answers as to what they would 

use it for are presented in Table 15. 

Finally, the third question regarding the System’s output asked the respondents whether they 

would modify or improve the output. Most respondents (60%) answered that they wouldn’t 

modify the output, or at least not at this stage (30%). Most also recommend that mitigation 

strategies be implemented in further research. Other recommendations include adding potential 

financial consequences to the System and a way to include other hazard types (peer-induced 

and global) when the schedule does not exist. Individual responses are presented in Table 16. 

 
Figure 53. Do you consider the System's output, the list of hazards to which the workers are exposed, to be 

correctly defined and structured? 

 

 

 

 

 



145 
 

Table 15. Do you consider that the information contained in the System's output would be useful to you? If yes, 
please specify what for. 

Respondent 
Do you consider that the information contained in the System's output would 
be useful to you? If yes, please specify what for. 

#1 
Yes, I could reschedule simultaneous performance of construction activities. The 
results provide arguments for the construction superintendent to reschedule 
conflicting tasks. 

#2 
I would, to better prepare site safety measures for each construction site, since 
time is the most significant limitation in preparation phase. 

#3 Yes, to do my job more efficiently. 

#4 
Yes, for producing site safety plans, especially for determining what activities 
are performed at the same time. 

#5 
Yes, it eliminates the possibility of human error since some hazards can be 
overlooked. 

#6 Yes, for planning safety measures on construction sites. 

#7 Yes, for producing H&S plans. 

#8 Yes, to a certain extent for creating H&S plans. 

#9 Yes, for identifying hazards and creating site safety plans. 

#10 
Yes. Mostly to identify which activities are simultaneous and which workers 
cause hazards to other workers, since this is the hardest to do "by hand". 

 

 

Table 16. Would you modify or improve the System's output in any way? If yes, please specify how. 

Respondent 
Would you modify or improve the System's output in any way? If yes, please 
specify how. 

#1 
Not really at this point. The results are sufficient to argue that something can or 
can't be done in parallel. 

#2 
Yes, for the later stages of the System, I would include automatic planning of 
safety measures for each of the hazards. 

#3 

Potential financial consequences could also be added later. For example, what 
fine would the contractor need to pay if the inspection determined that the 
prescribed measures are not followed, or if an accident which could have been 
prevented occurs. If anything, financial aspects would open the contractor 
managements' eyes to safety considerations. 

#4 No, not at this stage. 

#5 
As in one of the previous questions, when the schedule does not exist, some way 
of including other hazard types should be available. 

#6 Yes, hazard elimination and mitigation methods should be added to the System. 

#7 No, but construction hazard mitigation measures should be included later. 

#8 No 

#9 No 
#10 No 
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6.2.5. Advantages and disadvantages of the System 

This section questions the respondents’ opinions on the presented advantages and disadvantages 

of the System. All the respondents agree with the proposed advantages of the System (Figure 

54) and 20% of them (Table 17) list additional advantages such as producing an automated list 

of safety equipment for each activity, and reduced chance for a person to accidentally omit a 

hazard, and to perhaps remind the H&S Coordinator of a hazard he may not have otherwise 

thought of. 

 
Figure 54.  Do you agree with the proposed advantages of the System? If not, with which advantages do you 

disagree with? 

 

Table 17. Can you think of any additional advantages? 

Respondent Can you think of any additional advantages? 

#1 
The contractor could get an automatic list of safety equipment needed for each 
activity. 

#2 No 

#3 No 

#4 
It reduces the chance for a person to accidentally omit a hazard, and while 
viewing the hazard list, the H&S coordinator could think of something else he 
may not have otherwise thought of. 

#5 No 

#6 No 

#7 No 

#8 No 

#9 No 

#10 No 
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The third and fourth questions were focused on disadvantages. All the respondents agree with 

the identified disadvantages and two of them offer additional disadvantages (Table 18). The 

first added disadvantage is the culture in the Croatian construction industry. It is true that the 

construction sector does not always follow even the prescribed regulations, which might further 

hinder the usefulness of the System. The second disadvantage deals with contractor companies’ 

management, since they often force tight deadlines and sometimes do not provide all the 

necessary protection measures, all of which prevents the proper implementation of not just the 

Hazard Integration System but H&S measures in general. 

 

Table 18. Do you agree with the proposed disadvantages of the System? If not, which disadvantages do you 
disagree with? 

Respondent 
Do you agree with the proposed disadvantages of the System? If not, which 
disadvantages do you disagree with? 

#1 Yes 

#2 
Yes. An additional disadvantage is the culture in the construction industry 
in Croatia which might further hinder the usefulness of the System. 

#3 Yes 

#4 Yes 

#5 Yes 

#6 Yes 

#7 

Yes. An additional barrier to safety is the contractor company’s 
management. It isn't always the workers fault. The management forces tight 
deadlines and sometimes does not provide all the necessary protection 
measures. 

#8 Yes 

#9 Yes 

#10 Yes 

 

Finally, the fourth question (results presented in Figure 55) asked the respondents whether they 

consider the existing disadvantages to be so severe that they would make the System useless. 

All respondents answered “No”, meaning that they believe that the System could still be useful 

in spite of the existing barriers and disadvantages. 
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Figure 55. Do you consider the existing disadvantages and limitations so severe that they would make the 

System useless? 

 

6.2.6. Construction Hazards Database 

The sixth section shifts focus from the System to the Database. It consists of the following four 

“Yes/No” questions:  

 Do you consider that the Database could be useful by itself, in cases when the use with 

the System could not be possible? 

 Do you consider that the sources for the hazard gathering process are representative? 

 Do you consider that the method used for identifying construction hazards is valid? 

 Do you consider that the method used for identifying construction activities is valid? 

All the respondents answered “Yes” to all of the questions (Figure 56, Figure 57, Figure 58 and 

Figure 59) which means that they all consider the Database to be useful by itself, that the sources 

for gathering hazards were representative and that both hazard and activity gathering methods 

were valid. 
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Figure 56. Do you consider that the Database could be useful by itself, in cases when use with the System was 

not possible? 

 

 

 
Figure 57. Do you consider that the sources for the hazard gathering process are representative? 

 

 
Figure 58. Do you consider that the method used for identifying construction hazards is valid? 
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Figure 59. Do you consider that the method used for identifying construction activities is valid? 

 

6.2.7. Contents of the Construction Hazards Database and Construction Process Database 

This section focused on the contents of the Database. The respondents all agree that no 

information is missing from the hazard’s Database form (Table 19.), and that no information 

present in the Database is unnecessary (Table 20.).  

Table 19. Do you consider that some information is missing from the hazard's Database form? If yes, please 
specify what information. 

Respondent 
Do you consider that some information is missing from the hazard's Database 
form? If yes, please specify what information. 

#1 
For its current stage, no. Later, information regarding safety measures should 
be added. 

#2 No, it is more than enough to start with. 

#3 No 

#4 No 

#5 No 

#6 No 

#7 No 

#8 No 

#9 No 

#10 No 
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Table 20. Do you consider that some information in the hazard's Database form is unnecessary? If yes, please 
specify what information. 

Respondent 
Do you consider that some information in the hazard's Database form is 
unnecessary? If yes, please specify what information. 

#1 No 

#2 No, there is no unnecessary safety information. 

#3 No 

#4 No 

#5 No 

#6 No 

#7 No 

#8 No 

#9 No 

#10 No 

 

The three remaining questions ask whether the respondents consider that the method of entering 

and structuring the hazard data is appropriate and that it would function as intended, that the 

hazards list is detailed enough for the purpose of explaining the functionalities of the System 

and the Database, and whether they consider that construction activities and construction 

hazards are correctly connected and assigned to each other in the Database. All 10 respondents 

answered “Yes” to all three questions (Figure 60, Figure 61 and Figure 62). 

 
Figure 60. Do you consider that the method of entering and structuring the hazard data is appropriate and that it 

would function as intended? 
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Figure 61. Do you consider that the hazards list is detailed enough for the purpose of explaining the 

functionalities of the System and the Database? 

 
Figure 62. Do you consider that construction activities and construction hazards are correctly connected and 

assigned to each other in the Database? 

 

6.2.8. Editing the Database 

This section contains only two questions concerning the possibility of editing the Database. All 

the respondents answered that the Database needs to be editable (Figure 63) and all answered 

that it wouldn’t be dangerous to allow the Database to be editable. They also provided reasons 

why it wouldn’t be dangerous and the general consensus is that H&S Coordinators and H&S 

Experts are the ones who are ultimately responsible and that editability should be limited so 

that hazards cannot be deleted from the Database, only added. Their individual answers are 

presented in Table 21. 
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Figure 63. Do you consider it is necessary for the Database to be editable? 

 

Table 21. Would it be dangerous to allow the Database to be editable? 

Respondent  Would it be dangerous to allow the Database to be editable? 

#1 No, since it should be continuously improved upon. 

#2 
No. It should be editable, but some features need to remain locked only for top 
level administration. 

#3 No, since the H&S experts and coordinators are the ones who are responsible. 
#4 No, it would only be dangerous if he could delete existing hazards. 

#5 
Not if it would only be possible to add hazards and impossible to remove existing 
ones. It would also depend on the competence of the H&S expert. 

#6 Not dangerous if only the persons in charge of H&S are able to edit. 

#7 
It shouldn't be if only responsible and knowledgeable experts are allowed to edit 
the Database. 

#8 
It isn't, if the person who is allowed to edit is experienced and responsible for 
H&S. 

#9 
Not dangerous since the H&S coordinator is responsible for hazard 
identification. 

#10 
No, all the risk is placed on the person who does the assessment. The Database 
is just a tool he would use. 

 

6.2.9. Hazard quantification 

The penultimate section also contains only two questions. The first one asked the respondents 

whether they consider the method of connecting severity and probability to the hazards as 

correct, and the second asked whether they would change anything in the hazard quantification 

process. All respondents answered “Yes” to the first question (Figure 64), meaning that they 

consider the method as correct, and all 10 respondents answered “No” to the second question 

(Figure 65) which shows that they wouldn’t add or change anything. 
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Figure 64. Do you consider the method of connecting severity and probability information is correct? 

 
Figure 65. Would you add or change anything? If yes, please specify what. 

 

6.2.10. Final questions 

The final section consists of general questions regarding the System and Database. The purpose 

of the first set of questions was to ascertain their attitude towards automated hazard 

identification, whether they already use a similar system, would they use an automated hazard 

identification tool or software if it were available to them, and do they believe that the System 

would be useful to them in their work. The respondents all replied that they consider that a tool 

for implementing H&S into construction process planning is necessary (Figure 66) and that 

such implementation could be achieved through automated hazard identification (Figure 67). 

None of the respondents use a tool or software for automated hazard identification (Figure 68) 

but they would if it were available (Figure 69). All the respondents believe that the proposed 

System would be useful to them in their work (Figure 70). 
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Figure 66. Do you consider that a tool for implementing H&S into the construction process planning is 

necessary? 

 
Figure 67. Do you consider that such implementation could be achieved using automated hazard identification? 

 

 
Figure 68. Do you use any systems, tools or software for automated hazard identification? 
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Figure 69. If you are not using any of the above, would you consider using one if it was available to you? 

 
Figure 70. Do you believe that the presented Hazard Integration System would be useful to you in your work? 

 

The second set of questions is designed to gather the responses to confirm or disprove the 

proposed research hypotheses. The primary hypothesis (H1) states that: “Incorporation of 

Health and Safety in BIM can enable automated hazard identification, quantification and 

implementation.” This hypothesis was confirmed by the question: “Do you consider it is 

possible to incorporate Health and Safety into BIM to enable automated construction hazard 

identification and quantification?” All the respondents answered “Yes” (Figure 71), thus 

confirming H1, that it is possible to incorporate H&S into BIM to enable construction hazard 

identification and quantification. 
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Figure 71. Do you consider it is possible to incorporate Health and Safety into BIM to enable automated 

construction hazard identification and quantification? 

 

The auxiliary hypotheses stated that: 

 H1.1 – Construction Health and Safety hazards can be identified in the early project 

phases by incorporating Health and Safety information into BIM. 

 H1.2 – Construction Health and Safety hazard’s severity and probability can be 

quantified and implemented into BIM models. 

These hypotheses were confirmed by the respondents’ answers to the following questions, 

respectively: “Do you consider that construction Health and Safety hazards can be identified in 

the early project phases by incorporating Health and Safety information into BIM?” and “Do 

you consider that a construction Health and Safety hazard’s severity and probability can be 

quantified and implemented into BIM?” All 10 respondents answered “yes” to both questions 

confirming H1.1, that construction hazards can be identified in early project stages by 

incorporating Health and Safety information into BIM (Figure 72), and H1.2, that a construction 

hazard’s severity and probability can be quantified and implemented into BIM models (Figure 

73). Additionally, the respondents were asked whether the proposed System can identify and 

integrate not only hazards resulting in injuries but also the hazards resulting in professional 

illnesses.  All the respondents answered “Yes” to the aforementioned question (Figure 74), 

confirming that the research takes both injuries and illnesses into account.  
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Figure 72. Do you consider that construction Health and Safety hazards can be identified in the early project 

phases by incorporating Health and Safety information into BIM? 

 

 
Figure 73. Do you consider that a construction Health and Safety hazard’s severity and probability can be 

quantified and implemented into BIM? 

 

 
Figure 74. Do you consider that the proposed System can identify and integrate not only hazards resulting in 

injuries but also the hazards resulting in professional illnesses? 
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The aim of the final set of questions was to determine the respondents’ opinion on the developed 

System and Database. Therefore, the first of the remaining five questions asked the respondents 

their opinion on the presented concept, the next two questions required the respondents to rate 

both the System and Database on a scale of 1 to 5, and the final two questions asked the 

respondents whether there was anything they would especially commend or if there was 

anything in the presented research that they did not like. 

The respondents’ answers to the first question indicate that they liked the concept and that they 

find it useful and promising. Their individual responses are shown in Table 22. The respondents 

scored both the System and Database with high grades. Only one respondent rated the Hazard 

Integration System with a medium grade of “3”, mostly due to the aforementioned concerns 

with identifying only self-induced hazards. Two others rated the System with “4” and the 

remaining 7 respondents rated the System with the highest possible grade “5”, which makes the 

average 4.6 out of maximally possible 5. The Database achieved an even higher average grade 

of 4.7 with three respondents rating the Database with “4” and all the others rating the Database 

with “5”. Their individual answers are presented in Table 23. 

Table 22. What is your opinion on the presented concept? 

Respondent What is your opinion on the presented concept? 

#1 Generally, it is great. 

#2 I like the concept, it seems useful. 

#3 I think the concept is well thought of and developed. 

#4 The System seems useful. 

#5 It needs further work and improvement but seems promising. 

#6 The idea is great and could be useful when further developed. 

#7 I like the presented concept, it looks promising. 

#8 I really like the idea. 

#9 It seems great and extremely useful. 

#10 
I like the concept and I would definitely like to see how it works 
on a real project. 
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Table 23. Individual grades of the Hazard Integration System and the Construction Hazards Database 

Respondent 
How would you rate 

the Hazard 
Integration System 

How would you rate 
the Construction 

Hazards Database? 

#1 5 5 

#2 5 5 

#3 5 5 

#4 4 4 

#5 3 4 

#6 4 5 

#7 5 4 

#8 5 5 

#9 5 5 

#10 5 5 

Average 
score 

4.6 4.7 

 

Finally, the respondents were asked whether there was anything they would especially 

commend or if there was anything in the presented research that they did not like. The answers 

were very positive, with most respondents praising the idea and the effort. Only one respondent 

repeated a previous concern that presenting only self-induced hazards might be extremely 

dangerous due to the human nature to not examine the results given by a computer programme. 

The only other “complaint” is that the concept is still far from being realised. Individual answers 

to the final two questions are presented in Table 24 and Table 25. 

Table 24. Is there anything you would especially commend? 

Respondent Is there anything you would especially commend? 

#1 
Mostly the concept itself, the idea of connecting BIM and hazards for hazard 
identification. And the database also took quite an effort to design. 

#2 
The idea and effort that was put into the realisation. It all seems so simple 
and ready to use. 

#3 
The idea is excellent. I think the System would be useful to not only H&S 
coordinators and experts but also to employers. 

#4 
The idea itself and the connection and interaction between the elements, 
activities and hazards. 

#5 
The idea and the fact that somebody is willing to improve Health and Safety 
on construction sites. 

#6 
The idea and the concept itself. I have no complaints to the point the research 
has progressed to. It should however be continued to include hazard 
mitigation. 

#7 I would especially commend the idea. 

#8 
The idea. The System could also be used in the design stage so that designers 
could see the levels of risk for each of the design alternatives. 

#9 I would especially commend the idea. 

#10 
The effort that went into planning and realisation. Also the concept which 
looks promising and seems to be practical and useful in the real world. 
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Table 25. Is there anything you did not like? 

Respondent Is there anything you did not like? 

#1 No 

#2 No 

#3 No 

#4 No 

#5 
Nothing apart from the already mentioned situation where the schedule does 
not exist, which I find potentially extremely dangerous. 

#6 No 

#7 
No, only the fact that realisation of the concept is still far away from being 
applied. 

#8 No 

#9 No 

#10 No 

 

6.3. Discussion 

This chapter presented the results of the validation process carried out through interviews and 

administered questionnaires. After answering the questions regarding their personal 

information, the respondents were asked to answer a series of questions pertaining to the System 

(Sections 2-5), followed by a series of questions about the Database (Sections 6-9). Finally, the 

respondents were asked general questions regarding the entire presented research (Section 10). 

This discussion will, therefore, be divided into subsections based on the focus of the questions 

in the questionnaire. 

The respondents had extremely similar answers to the questions presented in the questionnaire, 

which is especially true for the “Yes/No” questions to which all respondents answered the same. 

To the more open-ended questions, understandably, the respondents gave more diverse 

answers, but still rather similar in meaning. 

6.3.1. Respondents 

The respondents were 10 experts in the field of construction Health and Safety, seven of whom 

work as H&S Coordinators and the remaining three as H&S Experts. Only these two 

professions were chosen since they are the most familiar with H&S in the construction industry. 

As for the educational background, all respondents hold a master’s (graduate) degree or 

equivalent, all H&S Experts are safety engineers (as is prescribed by law as a requirement for 

that position), six out of seven H&S Coordinators are civil engineers and one is a mechanical 

engineer. The distribution by years of experience is a bit more varied. Half of the respondents 
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had 5 to 10 years of professional experience, two had 11 to 20, two had less than five and one 

respondent had more than 20 years of experience. 

The purpose of the first section was to enable subsequent statistical analysis of the results. 

However, the differentiation of results based on the role in the construction process and the 

years of experience was not possible since the number of respondents was too small to conduct 

a statistical analysis and since the respondents gave very similar answers. What could be judged 

is their perceived level of interest and enthusiasm, and the level of scepticism. It is unsurprising 

that the younger participants showed greater interest in the proposed research than their more 

experienced colleagues. They too were interested in the research, but were more sceptical about 

the possibilities of implementation in the reality of the construction industry in Croatia. 

6.3.2. Responses regarding the Hazard Integration System 

All the respondents agree that construction hazards can be connected to the building’s structural 

elements (represented by BIM model elements) through construction activities. They also 

understand the proposed categorisation of hazards into self-induced, peer-induced and global 

hazards, and they consider that this categorisation is appropriate for use by the System. Their 

approval of these assumptions and the hazard classification is critical since they are the very 

foundation of how the System functions. 

After being presented with the graphical representation of the model, the respondents answered 

that the representation and process flow are clear to them. Everything in the model was clear to 

them, and they wouldn’t change anything in the existing model. Most of the respondents would 

however add mitigation strategies, which is planned in subsequent research. Only one 

respondent had serious concerns regarding the System’s model. The concern is not with the 

technical aspect of the System, but rather with human nature which could (intentionally or 

unintentionally) misuse the results to only plan for a smaller number of potential hazards. This 

concern would be addressed in the final version of the model where the user would be explicitly 

warned that it was possible to identify only the self-induced hazards, and that peer-induced and 

global hazards need to be accounted for manually. 

Regarding the System output, all the respondents agree that the results are well thought out and 

correctly defined and structured, and they consider the information contained in the results 

useful. When asked what they would use the information for, they further elaborated their 

answer providing additional evidence that they indeed could and would use the results of the 
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System. The respondents would modify the System’s output, but only to reflect the changes 

they already proposed when asked whether they would change the model. 

Finally the respondents all agreed with both the proposed advantages and disadvantages of the 

System, two of the respondents offered additional potential advantages and two respondents 

proposed two additional disadvantages. However, and most importantly, all the respondents 

agreed that the existing disadvantages and limitations were not severe enough to make the 

System useless. 

6.3.3. Responses regarding the Construction Hazards Database 

Since the Database is an integral part of the Hazard Integration System it was also necessary to 

question the respondents about the Database. The Database consists of both construction 

hazards and construction activities which therefore had to first be identified and then entered in 

the Database. The respondents first confirmed that they all consider the sources and methods 

for identification as representative and valid, and they all agree that the Database could be useful 

even without the System. The answers to this question prove the immediate practical usefulness 

of at least a part of the research. 

Next, the respondents were asked a few questions regarding the structure of the Database itself. 

All respondents agree that no information about construction hazards is missing, that no 

information is unnecessary, that the method of entering and structuring the hazards is 

appropriate, and that the number of hazards entered in the Database is sufficient to explain the 

functionalities of the Database. The respondents also agree that the construction activities are 

correctly connected and assigned to each other in the Database, that the Database should be 

editable and that it shouldn’t be dangerous to allow future users to modify the Database. 

Furthermore, the respondents agree that the proposed method of connecting the probability and 

severity information is correct. 

 

 

 

 

 



164 
 

6.3.4. Final questions 

Finally, the respondents were asked general questions regarding the System and Database and 

questions designed to prove or disprove the proposed hypotheses. 

All respondents agree that: 

 a tool for implementing H&S into the construction process planning is necessary; 

 such implementation of H&S into the construction process planning could be achieved 

using automated hazard identification; 

 they would consider using a tool or software for automated hazard identification if they 

were available to them; 

 the presented Hazard Integration System would be useful to them in their work; 

 it is possible to incorporate Health and Safety into BIM to enable automated 

construction hazard identification and quantification; 

o This answer confirms the primary hypothesis. 

 construction Health and Safety hazards can be identified in the early project phases by 

incorporating Health and Safety information into BIM; 

o This answer confirms the first auxiliary hypothesis. 

 a construction Health and Safety hazard’s severity and probability can be quantified and 

implemented into BIM; 

o This answer confirms the second auxiliary hypothesis. 

 the proposed System can identify and integrate not only hazards resulting in injuries but 

also hazards resulting in professional illnesses. 

The respondents were also asked to grade the Hazard Integration System and the Construction 

Hazards Database, give their general opinion of the presented concept and whether they had 

anything to especially commend or to criticize. Their responses were extremely positive, mostly 

praising the idea and the effort put into the realisation. This positivity is also reflected in the 

average grade that the System and Database received. The System scored 4.6 and the Database 

4.7 out of the maximum score of 5. 
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7. Conclusion 

7.1. Contribution of the proposed research 

This dissertation presented the development of the Hazard Integration System and the 

Construction Hazards Database. The aim of the dissertation is to provide contribution to solving 

one of the most significant problems faced by the construction industry, the high number of 

injuries and fatalities. Accident statistics presented in this dissertation have shown that the 

construction industry is one of the most dangerous industries to work in. Even though 

significant advancements have been made, a lot of room for improvement still exists. 

Problems arising from a high injury rate include not just moral aspects, but also high financial 

costs. It is therefore imperative to improve the levels of construction worker safety and to reduce 

the number of injuries. Fortunately, both researchers and practitioners have recognised this 

issue and a lot of work has already been conducted, and presented in professional and scientific 

literature, to improve the health and lessen the probability of construction workers’ injuries and 

death. 

Through a review of the existing research into construction H&S it was discovered that certain 

aspects are more represented than others. For example, most research focused on the 

construction phase of the project and on one project type, namely buildings. Furthermore, an 

overwhelming proportion focused on the industry and project level with a relatively small focus 

on activity and task levels. Finally, of the research focusing on the activity level, most of the 

research focused on identifying specific hazards, such as fall hazards, congestion or collision 

hazards. To tackle this issue, this research aims to provide a conceptually universal hazard 

identification methodology. 

The Hazard Integration System is designed to identify all potential hazards which may arise as 

a consequence of conducting construction activities on a construction site. The basic premise 

of the System is that all the elements of the BIM model, which represent real elements of the 

building under construction, are constructed from a known and finite number of individual 

construction activities. Those construction activities are performed by construction workers and 

generate construction hazards while they are performed, and the hazards potentially effect the 

workers performing the construction activities. In short, all hazards resulting from construction 

activities on producing building elements model-able in BIM can conceptually be identified by 

the System. Environmental and other hazard types not directly related to information present in 

BIM models might also be identified, although additional research efforts are required. 
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7.2. Dissertation summary 

The literature review aspect of the research has been divided and presented through two separate 

chapters of this dissertation, each focused on a certain aspect of the review. The chapter titled 

“Health and Safety in the Construction Industry” (second chapter of the dissertation) focuses 

on more general H&S topics. It first provided an introduction into H&S issues faced by the 

construction safety industry and gave a short presentation of previous research and identified 

research gaps. Some construction H&S terms which will be used in the dissertation were then 

defined to avoid possible confusion of their meaning. The following sections presented the 

significance of H&S in the construction industry through accident statistics, explained the 

legislative framework of H&S, provided additional information regarding construction hazards 

and explained the process of construction hazard risk quantification. Finally, the Design for 

Safety concept was introduced in the final section of this chapter. 

Chapter 3 presented some of the previous research into the application of innovative 

technologies in construction Health and Safety. After a brief introductory section, the chapter 

is divided into several sections depending on the involvement of BIM as an innovative 

technology in the research, and the identified innovative technologies of relevance to the 

research presented in this dissertation were described in more detail.  

The fourth chapter titled “Hazard Integration System” is the chapter which presents the primary 

result of this research, the eponymous Hazard Integration System. The chapter starts with a 

general description of what the System aims to achieve, explains why such an approach was 

chosen (with regards to integration with a database and type of interaction with BIM models) 

and defines the requirements needed for the System to function. Three following sections 

focused on the graphical model of the System. The first described the modelling tools used to 

model the System, while the second presented and explained the IDEF0 model of the System. 

The third of them presented and explained in detail the process flow of the Hazard Integration 

System. Section 4.8. followed up on its previous section and described the System’s work 

process. The remaining sections further elaborated individual aspects concerning the System, 

such as the research scope, limitations, advantages and potential future uses, among others. 

An essential element of the Hazard Integration System, the Construction Hazards Database, is 

the focus of the fifth chapter. The chapter is further divided into five sections. The first section 

of the chapter described the role the Database is to have within the System, its interface and 

structure and the requirements placed upon the Database. The following sections then 

thoroughly described the hazard types defined by this research, the process of gathering 
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construction hazard information and construction activity data, and how the hazards and 

activities were entered in the Database. The fifth section presented the hazard quantification 

process. 

Finally, the sixth chapter illustrates the validation process. The methodology is explained, and 

the results are presented and discussed. Experts in the field of construction H&S were used to 

validate the research results through an administered questionnaire. This chapter also presents 

how the research hypotheses were confirmed and goals achieved. 

 

7.3. Research hypotheses, goals and contribution 

Through their answers to the questionnaire survey, the experts confirmed that the proposed 

research has achieved its research objectives and proved the hypotheses. To reiterate, one 

primary hypothesis and two auxiliary hypotheses were formed. The hypotheses were: 

 H1 – Incorporation of Health and Safety in BIM can enable automated hazard 

identification, quantification and implementation. 

 H1.1 – Construction Health and Safety hazards can be identified in the early project 

phases by incorporating Health and Safety information into BIM. 

 H1.2 – Construction Health and Safety hazard’s severity and probability can be 

quantified and implemented into BIM models. 

All 10 respondents have answered that they: 

 consider it possible to incorporate Health and Safety into BIM to enable automated 

construction hazard identification and quantification – confirming H1; 

 consider that construction Health and Safety hazards can be identified in the early 

project phases by incorporating Health and Safety information into BIM – confirming 

H1.1; 

 consider that the severity and probability of construction hazards can be quantified and 

implemented into BIM models – confirming H1.2. 

The research goals and expected scientific contributions were similarly confirmed by the 

respondents’ answers and through the development of the Construction Hazard Database and 

the Hazard Integration System. 
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7.4. Limitations and recommendations for further research  

Perhaps the most significant limitation of the research is that it is in the conceptual phase. 

However, it was stated in the research scope that this dissertation presents research conducted 

to establish the basis of a potential software tool and that actual programming and related 

activities are beyond the scope of the research. The research scope is also a limitation upon the 

System itself. The hazard identification process finishes when the risks of construction hazards 

are quantified, leaving mitigation strategies temporarily not included. The respondents in the 

validation phase have also commented that the System should be expanded to include the 

answer to identified hazards and the risks they pose to the construction workers. 

Another limitation of the System is that it is designed to identify only the hazards associated 

with the construction of a BIM model element. Further research is required to include 

environmental and other hazard types. External limitations include the relatively low usage of 

BIM in the construction industry, the need for a correct and up-to-date construction schedule, 

as well as behavioural limitations of both the construction workers and contractor companies’ 

management. 

The Database is limited in the sense that not all potential hazards are entered in the Database. 

Only those related to the construction of structural elements are present, while finishing and 

installation works, and demolition and refurbishment project phases are currently excluded. 

Recommendations for further research are essentially responses to the identified limitations. 

First and foremost, a prototype of the System should be developed. Other research activities 

would include developing the System to include mitigation strategies and other hazard types. 

Additionally, other construction activities and their related hazards should be identified and 

included in the Database. 
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Construction hazard entry form

General information

1. Hazard's name

2. Additional information
 

 

 

 

 

3. Type of hazard by hazard's consequence
Mark only one oval.

 Results in injury due to an accident

 Results in work related illness

 Both

Types of hazards

4. Hazard's energy source
Tick all that apply.

 Biological

 Electrical

 Gravity

 Mechanical

 Motion

 Radiation

 Thermal

 Pressure

 Sound

 Other

5. Hazard type - by influence on the workers
Tick all that apply.

 Self-induced

 Peer-induced

 Global

6. Global hazard source
Mark only one oval.

 Yes

 No
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7. General construction hazard
Mark only one oval.

 Yes

 No

8. Dependant on human error
Mark only one oval.

 Yes

 No

 Both

Connections to activities and BIM model elements

9. Connected to a construction activity
Mark only one oval.

 Yes

 No

10. If "Yes", which activities

11. Connected to BIM element type or material
Mark only one oval.

 Yes

 No

12. If "Yes", which element type or material

13. Dependent on BIM element's location
Mark only one oval.

 Yes

 No

14. If "Yes", which location

15. Dependent on BIM element’s spatial characteristics
Mark only one oval.

 Yes

 No

16. If "Yes", which spatial characteristics

Data for calculating risk levels

17. Frequency of the hazard's occurrence
Mark only one oval.

1 2 3
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18. Severity of the hazard's occurrence
Mark only one oval.

1 2 3

19. Possible severity outcomes and their probabilities [%]
Mark only one oval per row.

0-
10

10-
20

20-
30

40-
50

50-
60

60-
70

70-
80 80-90 90-100

Negligible
Small injury
Injury
Serious injury
Permanent disability or
death

Hazard's area of influence

20. Area of influence for peer-induced hazards
Mark only one oval.

 Horizontal radius

 Above

 Below

 Perpendicular to the work front

 All directions

21. Area of influence for global hazards
Mark only one oval.

 Horizontal radius

 Above

 Below

 Perpendicular to the work front

 All directions

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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Construction activity entry form

General information

1. Activity name

2. Additional information
 

 

 

 

 

3. Activity or a subactivity
Mark only one oval.

 Activity

 Subactivity

Productivity information

4. Workers' productivity (dimension)
Mark only one oval.

 m/h

 m2/h

 m3/h

 kg/h

 t/h

 kom/h

5. Workers' productivity (quantity)

Information for linking the activity to hazards and BIM model
elements

6. Construction worker workgroup
Mark only one oval.

 Reinforces

 Formwork workers

 Concrete pour workers

 Masonry workers

 Montage workers
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7. Group of activities
Mark only one oval.

 Reinforcement works

 Formwork assembly works

 Formwork dissasembly works

 Concrete works

 Montage works

8. Construction element
Mark only one oval.

 Collumn

 Wall

 Beam

 Slab

 Stairway

 Horizontal reinforcement

 Vertical reinforcement

 Lintel

 Foundation

9. Construction material
Mark only one oval.

 Concrete

 Reinforced concrete

 Brick

 Prefabricated concrete

 Steel

 Wood

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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