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Σηόρνο:

(i) O εληνπηζκόο, ε επηζθόπεζε, θαη ε ζπζηεκαηηθή 

ηαμηλόκεζε ππαξρόληωλ, θαη 

(ii) ε αλάπηπμε λέωλ, 

ηερληθώλ αλάιπζεο, ππνινγηζκνύ, αμηνιόγεζεο θαη 

εθηίκεζεο ηεο επηθηλδπλόηεηαο ή δηαθηλδύλεπζεο (risk), 

ζηνλ ηνκέα ηεο αζθάιεηαο εξγαζίαο, 

κε έκθαζε: 

ζηε Βηνκεραλία θαη ηηο Καηαζθεπέο Σερληθώλ Έξγωλ.



Βαζηθή ηδέα : H “ζύληεμε” ή ζύλζεζε ΣΤΟΧΑΣΤΙΚΩΝ

(Πηζαλνθξαηηθώλ) & ΝΤΕΤΕΡΜΙΝΙΣΤΙΚΩΝ (Αηηηνθξαηηθώλ) ηερληθώλ 
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Βαζηθή ηδέα : H “ζύληεμε” ή ζύλζεζε ΣΤΟΧΑΣΤΙΚΩΝ

(Πηζαλνθξαηηθώλ) & ΝΤΕΤΕΡΜΙΝΙΣΤΙΚΩΝ (Αηηηνθξαηηθώλ) ηερληθώλ 

Risk



Σεσνικέρ ανάλςζηρ και εκηίμηζηρ ηηρ επικινδςνόηηηαρ 

(1η κατηγοριοποίηση) 

α) ΢ΣΟΥΑ΢ΣΙΚΔ΢ (Πηζαλνθξαηηθέο)

β) ΝΣΔΣΔΡΜΙΝΙ΢ΣΙΚΔ΢ (Αηηηνθξαηηθέο)
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Σεσνικέρ ανάλςζηρ και εκηίμηζηρ ηηρ επικινδςνόηηηαρ 

(1η κατηγοριοποίηση) 



α) ΢ηοσαζηικέρ (Πιθανοκπαηικέρ)

Stochastic (random) methods by using 

probabilistic models, contribute in “a priori” risk 

analysis and assessment

* A priori knowledge is independent of experience

* The quantity of Risk (R) is calculated with a probability of

P(R)



β) Νηεηεπμινιζηικέρ (Αιηιοκπαηικέρ)

Deterministic methods contribute in “a posteriori” 

risk analysis and assessment 

* A posteriori knowledge is dependent on experience or 

empirical evidence

•The quantity of Risk (R) is calculated with the conditional 

probability of

P(R/Bj)
B1, B2, … 

accident data



Σεσνικέρ ανάλςζηρ και εκηίμηζηρ ηηρ επικινδςνόηηηαρ

(2η κατηγοριοποίηση) 

α) πνηνηηθέο

β) πνζνηηθέο

γ) πβξηδηθέο



Πνηνηηθέο ηερληθέο 

Βαζίδνληαη: ζε αλαιπηηθέο δηαδηθαζίεο 

ππνινγηζκνύ ζπγθεθξηκέλσλ θαη θαηάιιεια 

νξηζκέλσλ κεγεζώλ

Πξνϋπνζέηνπλ:  ηελ εκπεηξία θαη ηελ θξηηηθή 

ηθαλόηεηα ηνπ αλαιπηή

Δλζωκαηώλνπλ: πθηζηάκελεο λνκνζεηηθέο

δηαηάμεηο, δηαδηθαζίεο θαη πξαθηηθέο 

Πεηπραίλνπλ: πνηνηηθή δηαβάζκηζε ηνπ ξίζθνπ



Πνζνηηθέο ηερληθέο 

Η επηθηλδπλόηεηα

- ζεσξείηαη σο: κεηξήζηκν κέγεζνο 

- εθθξάδεηαη κε: καζεκαηηθή ζρέζε 



Τβξηδηθέο ηερληθέο

* Σπλδπαζκόο πνηνηηθώλ θαη πνζνηηθώλ

ηερληθώλ 

* Παξνπζηάδνπλ απμεκέλε πνιππινθόηεηα

ιόγσ ηεο ad hoc θύζεο ηνπο 

* Γελ έρνπλ εμαπισζεί επαξθώο  
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Stochastic Approach

 

Accident Forecasting Modeling Classic Statistical Approach
 

Time-Series Method  

Markov Chain Analysis
 

Grey Model

 

 

Scenario Analysis

Regression Method

Neural Networks

Bayesian networks

Epistemic Models

  * PEA

Probability Distributions
  

  * Exponential

  * Normal 
  * Log-Normal
  * Weibull 

* Rate Model

* MTTF/MTTR Model
* Time at Risk Model

* Poisson Model
* Rate/MTTR Model

.

.
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The relation of modeling-power and analysis-complexity

for QN/QL/HB classes 

Qualitative
Techniques

Quantitative
Techniques

Hybrid
Techniques
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Αλάπηπμε δύν λέωλ πνζνηηθώλ ηερληθώλ: 

*  PRAT (Proportional Risk Assessment Technique)  

*  DMRA (Decision Matrix Risk Assessment) 

Εθαξκόζζεθαλ σο κειέηε πεξίπησζεο (case study), ζε: 

* Βηνκεραλία Γηέιαζεο Αινπκηλίνπ

* Καηαζθεπέο ηερληθώλ έξγωλ 

(J.LPPI: Marhavilas and Koulouriotis, 2008a; 

J.ESTR: Marhavilas, 2009a)



Πεγέο δεδνκέλσλ: Ι.Κ.Α., Σ.Δ.Π.Δ., ΓΔΗ

 ηεο Βηνκεραλίαο

 ησλ Καηαζθεπώλ



Αμαλογική Ποζοηική Τετμική (PRAT) 

Η επηθηλδσλόηεηα παροσζηάδεηαη ζαλ έλα 

θσζηθό, κεηρήζηκο κέγεζος (R)

R= f (x, y, z, …)



Αμαλογική Ποζοηική Τετμική (PRAT) 

Η επηθηλδσλόηεηα παροσζηάδεηαη ζαλ έλα 

θσζηθό, κεηρήζηκο κέγεζος (R)

R= f (P, S, F, …)

R: the Risk

P: the Probability Factor

S: the Severity of Harm Factor

F: the Frequency (or the Exposure) Factor 



Αμαλογική Ποζοηική Τετμική (PRA) 

Η επηθηλδσλόηεηα παροσζηάδεηαη ζαλ έλα 

θσζηθό, κεηρήζηκο κέγεζος (R)

R=  P * S * F
R: the Risk

P: the Probability Factor

S: the Severity of Harm Factor

F: the Frequency (or the Exposure) Factor 

Fine & Kinney (1971) and Hammer (1972)



Δεύκτησ Πιθανότητασ Περιγραφό ανεπιθύμητου γεγονότοσ

10 Αναπόφευκτο

9 ΢χεδόν ςύγουρο

8 Πολύ πιθανό

7 Πιθανό

6 Πιθανότητα ελαφρώσ μεγαλύτερη του 50%

5 Πιθανότητα 50%

4 Πιθανότητα ελαφρώσ μικρότερη του 50%

3 ΢χεδόν απύθανο

2 Πολύ απύθανο

1 Απύθανο

P



Δεύκτησ 
Σοβαρότητασ

Αποτελϋςματοσ

(S)

Περιγραφό ανεπιθύμητου γεγονότοσ

10 Θϊνατοσ

9 Μόνιμη ολικό ανικανότητα

8 Μόνιμη ςοβαρό ανικανότητα

7 Μόνιμη ελαφρϊ ανικανότητα

6
Απουςύα από την εργαςύα για περιςςότερεσ από τρεισ εβδομϊδεσ και επιςτροφό με 
προβλόματα υγεύασ

5
Απουςύα από την εργαςύα για περιςςότερεσ από τρεισ εβδομϊδεσ και επιςτροφό με πλόρη 
ανϊρρωςη

4
Απουςύα από την εργαςύα για περιςςότερεσ από τρεισ ημϋρεσ και λιγότερο από τρεισ 
εβδομϊδεσ και επιςτροφό με πλόρη ανϊρρωςη

3
Απουςύα από την εργαςύα για λιγότερο από τρεισ ημϋρεσ και επιςτροφό με πλόρη ανϊρρωςη 

2 Ελαφρόσ τραυματιςμόσ χωρύσ απώλεια ημερών εργαςύασ και πλόρη ανϊρρωςη

1 Καμύα ανθρώπινη βλϊβη



Δεύκτησ 
ςυχνότητασ

(F)

Περιγραφό ανεπιθύμητου γεγονότοσ

10 Μόνιμη παρουςύα βλϊβησ

9 Η βλϊβη εμφανύζεται ανϊ 30 δευτερόλεπτα

8 Η βλϊβη εμφανύζεται ανϊ λεπτό

7 Η βλϊβη εμφανύζεται κϊθε 30 λεπτϊ

6 Η βλϊβη εμφανύζεται κϊθε μύα ώρα

5 Η βλϊβη εμφανύζεται ςε κϊθε βϊρδια

4 Η βλϊβη εμφανύζεται μύα φορϊ την εβδομϊδα

3 Η βλϊβη εμφανύζεται μύα φορϊ το μόνα

2 Η βλϊβη εμφανύζεται μύα φορϊ το χρόνο

1 Η βλϊβη εμφανύζεται μύα φορϊ ςτα πϋντε χρόνια



Τιμό τησ
επικινδυνότητασ

(R)

Βαθμόσ αμεςότητασ λόψησ
μϋτρων

700 - 1000 Άμεςη λόψη μϋτρων

500 - 700 Λόψη μϋτρων ςε διϊςτημα μύασ 
ημϋρασ

300 - 500 Λόψη μϋτρων ςε διϊςτημα ενόσ 
μόνα

200 - 300 Λόψη μϋτρων ςε διϊςτημα ενόσ 
ϋτουσ

100 - 200 Μακροπρόθεςμη λόψη μϋτρων 
και παρακολούθηςη του 
ςυμβϊντοσ

<100 Δεν εύναι αναγκαύα η ϊμεςη 
λόψη μϋτρων, αλλϊ η 
παρακολούθηςη του ςυμβϊντοσ



Δθαξκνγή ζε Βηνκεραλία Γηέιαζεο κεηάιισλ

έτη: 1999-2004



Δθαξκνγή ζε Βηνκεραλία Γηέιαζεο κεηάιισλ

Αξρή ηεο «νδνληόπαζηαο»



“Mήηξεο’’

Πξνθίι αινπκηλίνπ



Α΄ ΤΛΗ

ΚΟΛΧΝΔ΢ ΑΛΟΤΜΙΝΙΟΤ

ΦΟΤΡΝΟ΢ ΠΡΟΘΔΡΜΑΝ΢Η΢ 

ΚΟΛΧΝΧΝ ΑΛΟΤΜΙΝΙΟΤ

ΘΔΡΜΙΚΟ ΦΑΛΙΓΙ ΑΛΟΤΜΙΝΙΟΤ ΢Δ 

ΜΠΙΓΙΔΣΔ΢

ΠΡΔ΢Α ΓΙΔΛΑ΢Η΢ ΜΠΙΓΙΔΣΧΝ 

ΜΔ΢Α ΑΠΌ ΣΙ΢ ΜΗΣΡΔ΢

ΠΑΓΚΟ΢ ΦΤΞΗ΢ ΠΡΟΦΙΛ

ΣΔΝΣΧΜΑ ΠΡΟΦΙΛ

ΠΡΙΟΝΙ ΚΟΠΗ΢

ΚΟΠΗ ΢Δ ΔΠΙΘΤΜΗΣΑ ΜΗΚΗ

ΦΟΤΡΝΟ΢ ΓΗΡΑΝ΢Η΢

΢Τ΢ΚΔΤΑ΢ΙΑ ΑΒΑΦΧΝΓΙΑ ΗΛΔΚΣΡΟ΢ΣΑΣΙΚΗ ΒΑΦΗ

ΔΞΑΓΧΓΗ ΠΡΟΦΙΛ

Η ΠΑΡΑΓΧΓΙΚΗ ΓΙΑΓΙΚΑ΢ΙΑ ΓΙΔΛΑ΢Η΢ ΑΛΟΤΜΙΝΙΟΤ



-Δληνπηζκόο & Καηεγνξηνπνίεζε ησλ ζεκαληηθόηεξσλ 

πεγώλ θηλδύλνπ (col. Α)

- Αξηζκόο ησλ αλεπηζύκεηωλ ζπκβάληωλ (col. Β) 

- Οη ζπλέπεηεο ησλ αλεπηζύκεησλ ζπκβάλησλ (col. C) 

-Η έθζεζε ζε πεγέο θηλδύλνπ (col. D) 

ζε βηνκεραλία δηέιαζεο αινπκηλίνπ  ρξεζηκνπνηώληαο 

πξαγκαηηθά δεδνκέλα αλεπηζύκεησλ ζπκβάλησλ θαηά ηε 

δηάξθεηα ηνπ 1999-2004



(a) Πηώζεηο εξγαδνκέλσλ (από ύςνο, ζην ίδην επίπεδν)

(b) Κηππήκαηα από νιηζζήζεηο, θαηαξξεύζεηο θαη ζπκπίεζε αλάκεζα ζε
αληηθείκελα

(c) Πξόζθξνπζε ζε ζηαζεξά αληηθείκελα θαη θηππήκαηα από θηλνύκελα 
αληηθείκελα

(d) Άιιεο θαηεγνξίεο αηπρεκάησλ κε ηαμηλνκεκέλσλ

(e) Έθζεζε ζε ή επαθή κε ειεθηξηθό ξεύκα

(f) Έθζεζε ζε ή επαθή κε αθξαίεο ζεξκνθξαζίεο

(g) Υπεξπξνζπάζεηα ή θνπηώδεηο θηλήζεηο

(h) Έθζεζε ζε ή επαθή κε επηβιαβείο νπζίεο ή αθηηλνβνιία

Καηεγνξηνπνίεζε αηπρεκάησλ ή αλεπηζύκεησλ 

ζπκβάλησλ 

βάσει ΕSAW (European Statistics on Accidents at Work)



(A) (B) (C) (D) 

Description of the most important 

Hazard Sources 

Number of 

accidents/ 

undesirable 

events 

(N) 

Consequences of the 

undesirable events 

Exposure to hazard 

sources 

Injuring due to breaking of 

aluminum billets’/profiles’ parceling 

hoop  

2 Absence from the work >3 days 

and <3 weeks, and return after 

full recovery 

Presence of damage 

every 1 week 

Exposure/Contact in/with extreme 

temperatures (e.g. sizzling 

aluminum profile)  

1 Absence from the work >3 days 

and <3 weeks, and return after 

full recovery 

Presence of damage 

every 1 week 

Drops (Slumps from height) 4 Permanent slight inefficiency Presence of damage 

every 1 month 

Squeezing and hits by dropping 

objects (transported by derricks)  

4 Permanent slight inefficiency Presence of damage 

every 1 hr 

Hand/Leg/Foot Mutilation by saw
 

2 Absence from the work >3 

weeks, and return with health 

problems 

Presence of damage 

every 8 hr (or 1 working 

shift) 

Hand/Leg/Foot Injuring due to the 

maintenance of machines 

1 Absence from the work >3 

weeks, and return with health 

problems 

Presence of damage 

every 1 week 

Impacts on stable objects, hits by 

moving objects 

1 Absence from the work >3 days 

and <3 weeks, and return after 

full recovery 

Presence of damage 

every 1 month 

Injuring due to the die’s loading/ 

unloading on/from the extrusion 

press  

1 Absence from the work >3 days 

and <3 weeks, and return after 

full recovery 

Presence of damage 

every 8 hr (or 1 working 

shift) 

Exposure/Contact in/with electric 

current (electrocution danger) due to 

the maintenance of electric systems 

1 Absence from the work >3 

weeks, and return after full 

recovery 

Presence of damage 

every 1 month 

 

Καηάηαξη  ηυν ζημανηικόηεπυν πηγών κινδύνος



Frequency-Probability scale, similar to Johnson’s scale (1975)

Probability 

Factor (P) Description of Undesirable Event Frequency of events occurring

10 Unavoidable 1 event during a time period of t<<103 hr

9 Almost assured 1 event during a time period of t<103 hr

8 Frequent 1 event during a time period of t103 hr

7 Probable 1 event during a time period of 103<t<104 hr

6 Probability slightly greater than 

50%

1event during a time period of 104<t<105 hr

5 Probability 50% 1 event during a time period of t105 hr

4 Probability slightly less than 50% 1 event during a time period of 105<t<106 hr

3 Almost improbable (or Remote) 1 event during a time period of 106<t<107 hr

2 Improbable 1 event during a time period of t  107 hr

1 Impossible 1 event during a time period of t>107 hr



(A) (B) (C) (D) (E) (F)

Description of Hazard Sources 

or Undesirable Events 

Probabi-lity 

Factor

(P)

Severity of 

Harm 

Factor (S)

Frequency 

Factor

(F)

Risk Value

(R)
Immediate Actions

Injuring due to breaking of aluminum 

billets’/profiles’ parceling hoop 

6 4 4 96 R<<200  Immediate action is not 

necessary but it is required the event’s 

surveillance

Exposure/Contact in/with extreme 

temperatures (e.g. sizzling aluminum 

profile) 

6 4 4 96 R<<200  Immediate action is not 

necessary but it is required the event’s 

surveillance

Drops (Slumps from height) 7 7 3 147 R close to 200  Required actions 

(or suppressive measures) are 

essential earlier than 1 year

Squeezing and hits by dropping 

objects (transported by derricks) 

7 7 6

294
300>R>>200  Required 

actions (or suppressive 

measures) are essential earlier 

than 1 year
Hand/Leg/Foot Mutilation by saw 6 6 5 180 R very close to 200  Required 

actions (or suppressive measures) are 

essential earlier than 1 year

Hand/Leg/Foot Injuring due to the 

maintenance of machines

6 6 4 144 R close to 200  Required actions 

(or suppressive measures) are 

essential earlier than 1 year

Impacts on stable objects, hits by 

moving objects

6 4 3 72 R<<200  Immediate action is not 

necessary but it is required the event’s 

surveillance

Injuring due to the die’s loading/ 

unloading on/from the extrusion 

press 

6 4 5 120 R<200  Immediate action is not 

necessary but it is required the event’s 

surveillance

Exposure/Contact in/with electric 

current (electrocution danger) due to 

the maintenance of electric systems

6 5 3 90 R<<200  Immediate action is not 

necessary but it is required the event’s 

surveillance



Δθαπμογή ζηον Κλάδο ηυν καηαζκεςών 

Στοιτεία ατστημάτων τοσ ΙΚΑ (2002)

(A) (B) (C) (D) (E) (F)

Description of Undesirable 

Event

Number of 

Accidents
Probability 
Index  (P)

Severity of 

Harm Index

(S)

Frequency 

Index (F)

Risk Value

(R)

Drops (Slumps from height) 2.141 1,34 10 6,12 81,7

Downfalls (at the same level) 2.561 1,60 8 6,33 80,9

Slips, hits by dropping objects 1.880 1,17 10 5,98 70,1

Impacts on stable objects, hits by 

moving objects

5.477 3,42 9 7,01 215,7

Squeezing 2.501 1,56 9 6,30 88,5

Overworking, hard jobs 501 0,31 7 5,16 11,3

Exposure/Contact in/with extreme 

temperat.

311 0,19 7 5,04 6,8

Exposure/Contact in/with electric 

current

58 0,04 10 4,05 1,5

(Exposure/Contact in/with harmful 

substances or radiation

245 0,15 9 5,00 6,9

Other reasons of accidents 356 0,22 - 5,07 -

Total 16.031



΢ηνηρεία αηπρεκάηωλ ηνπ ΢ΔΠΔ (2000- 2003) ζπλνιηθά γηα ηνλ 

θιάδν ηωλ Καηαζθεπώλ

(A) (B) (C) (D) (E)

Year Probability 

Index 

(P)

Severity 

of Harm 

Index 

(S)

Frequency 

Index 

(F)

Risk 

Value 

(R)

2000 5,2 10 4,10 213,2

2001 4,6 10 4,20 193,2

2002 5,0 10 4,20 210,0

2003 5,5 10 4,16 228,8



Τετμική ηοσ Πίμακα Απόθαζης
Decision Matrix Risk Assessment (DMRA) 

Η επηθηλδσλόηεηα παροσζηάδεηαη ζαλ έλα 

θσζηθό, κεηρήζηκο κέγεζος (R)

R= f (P, S, …)

R: the Risk

P: the Probability Factor

S: the Severity of Harm Factor



R=  P * S

Τετμική ηοσ Πίμακα Απόθαζης
Decision Matrix Risk Assessment (DMRA) 

Η επηθηλδσλόηεηα παροσζηάδεηαη ζαλ έλα 

θσζηθό, κεηρήζηκο κέγεζος (R)

R: the Risk

P: the Probability Factor

S: the Severity of Harm Factor



Ο Πίλαθαο Δπηθηλδπλόηεηαο 

ή Πίλαθαο Απόθαζεο 

Δπηθηλδπλόηεηαο 

΢ςνέπειερ (S)
Πιθανόηηηα 

(P) Αζήκαληες Διάτηζηες Μέηρηες Μεγάιες Σοβαρές

Στεδόλ βέβαηε Β Γ Γ Γ Γ

Πηζαλή Β Β Γ Γ Γ

Γσλαηή Α Β Β Γ Γ

Σπάληα Α Β Β Β Γ

Απίζαλε Α Α Β Β Γ

Αποδεκηό Α

Αποδεκηό με 
ελέγσοςρ

Β

Μη επιθςμηηό
Γ

Μη αποδεκηό Γ

Υξωκαηηθή θιίκαθα 

δηαβάζκηζεο 

επηθηλδπλόηεηαο

(4 επίπεδα)



1. ΢ηνόβηιμξ

2. Λέβεηαξ

3. Δελαμεκέξ Λαδημύ

4. Ηιεθηνμζηαηηθά Φίιηνα

5. Ηιεθηνμθηκεηήνεξ

6. Ακηιίεξ Καοζίμμο

7. Εθθαπκηζηέξ

8. Ακηιίεξ ΢ομποθκώμαημξ

9. Γεκκήηνηα

10.Δηεγένηνηα

11.Κεκηνηθόξ Πίκαθαξ Ρεύμαημξ

12.Σνμθμδόηεξ Ληγκίηε

13.Κύνημ Φογείμ ΢ηνμβίιμο



Εφαρμογή του πίνακα απόφαςησ για τουσ κινδφνουσ ανά 
ειδικότητα ςτο Μηχανοςτάςιο - Λεβητοςτάςιο

ΣΕΧΝΙΣΗ΢ 
΢ΣΡΟΒΙΛΟΤ

Κύνδυνοσ

τραυματιςμού

ςχετικόσ με τισ

μηχανϋσ

Κινούμενα

τμόματα

Αιχμηρϊ ςημεύα

Κόψιμο/ 
κϊταγμα/ακρωτηρ
ιαςμόσ/ 
μωλωπιςμόσ/ 
Θϊνατοσ

΢οβαρϋσ –
πιθανό

Πτώςη από ύψοσ
Διϊςτρεμμα/ 
κϊταγμα/ 
μωλωπιςμόσ/θϊνα
τοσ

΢οβαρϋσ –
πιθανό

Θόρυβοσ Προςωρινό 

απώλεια ακοόσ

Ελϊχιςτεσ -
ςπϊνια

Ολιςθηρό δϊπεδο
εργαςύασ

Διϊςτρεμμα/ 
κϊταγμα/ 
μωλωπιςμόσ

Μϋτριεσ -
πιθανό

Βαριϊ ςωματικό 
εργαςύα

Κόπωςη /χρόνια 
προβλόματα ςτα 

πόδια/μϋςη

Ελϊχιςτεσ -
δυνατό

Γ

Γ

Β

Γ

Β



Χαρηογράθηζη ηης επικιμδσμόηηηας ζε Μηταμοζηάζιο -
Λεβηηοζηάζιο με τρωμαηική κλίμακα ζε ζτέζη με ηομ 

κίμδσμο ηρασμαηιζμού από μηταμήμαηα

Σποθοδόηερ

ιηγλίηε

Γιεγέπηπια

Γεννήηπια

Πςποζβεζηική 

θυλιά

Κενηπικόρ 

πίνακαρ 

πεύμαηορ

Πςποζβεζηήπαρ

΢ηπόβιλορ

Γεξαμενέρ λαδιού

Ηλεκηποζηαηικά 

θίληπα

Ηλεκηποκινηηήπερ

Λέβηηαρ

Μύλοι 1 – 8

Κύπιο τςγείο 

ζηποβίλος

Ανεμιζηήπερ

Ανηλίερ καςζίμος

Ανηλίερ 

ζςμπςκνώμαηορ

Πίνακερ 

θυηιζμού

Δίζοδορ

Δκκαπνιζηέρ



Υξωκαηηθόο ράξηεο δηαβάζκηζεο ηεο επηθηλδπλόηεηαο



Αλάπηπμε κίαο λέαο πβξηδηθήο-ηερληθήο 

*  HRAP (Hybrid Risk Assessment Process )  

* Δθαξκόζζεθε σο κειέηε πεξίπησζεο (case study), ζηε:

Γεκόζηα Δπηρείξεζε Ηιεθηξηζκνύ (Γ.Δ.Η.)  

* Με ρξήζε ζηνηρείσλ αηπρεκάησλ ή έθζεζεο ζε πεγέο

θηλδύλνπ, γηα ηελ πεξίνδν 1993-2004

(J.LPPI: Marhavilas et al. 2008b; 2011b)  



Risk Analysis

Quantified Risk Evaluation

Risk Assessment

Begin

 Identification of 
Hazard Sources

Risk Consideration/Estimation/Calculation

Risk Evaluation 

End

.

.

Is the risk 

tolerable ?

Yes

Risk 
reduction

No

* Frequency/Probability Analysis
* Consequence Analysis

Acceptance

Criteria

Ensure risk assessment and controls 

are effective and up-to-date

HRAP as a part of the risk management process



Risk Analysis

Quantified Risk Evaluation

Risk Assessment

Begin

 Identification of 
Hazard Sources

Risk Consideration/Estimation/Calculation

Risk Evaluation 

End

.

.

Is the risk 

tolerable ?

Yes

Risk 
reduction

No

* Frequency/Probability Analysis
* Consequence Analysis

Acceptance
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Ensure risk assessment and controls 

are effective and up-to-date

HRAP

HRAP as a part of the risk management process



Risk Analysis

Quantified Risk Evaluation

Risk Assessment

Begin

 Identification of 
Hazard Sources

Risk Consideration/Estimation/Calculation

Risk Evaluation 

End

.

.

Is the risk 

tolerable ?

Yes

Risk 
reduction

No

* Frequency/Probability Analysis
* Consequence Analysis

Acceptance

Criteria

Ensure risk assessment and controls 

are effective and up-to-date

HRAP

PRAT

DMRA

HRAP as a part of the risk management process



Παραγωγή ηλεκηρικής εμέργειας ζε Αημοηλεκηρικού Σηαθμού

[1] Εμόξπμε[2] Σπαζηήξεο[3] Καύζε ιηγλίηε

[4] Παξαγσγή αηκνύ

[5] Σηξόβηινο

[6] Γελλήηξηα

[7] Ψπγείν

[8]

[8]

[9] Πύξγνο ςύμεο



1. ΢οιιμγή πνώηεξ ύιεξ – θαοζίμμο (ιηγκίηεξ)  

2. Επελενγαζία ιηγκίηε 

3. Εηζαγςγή θαη θαύζε ημο ιηγκίηε ζημκ Λέβεηα 

4. Δεμημονγία αημμύ ζηεκ εζηία ημο Λέβεηα

5. Έλμδμξ θαη πηώζε ημο αημμύ με μεγάιε πίεζε ζε 
αημμζηνόβηιμ

6. Μεηαηνμπή ηεξ μεπακηθήξ εκένγεηαξ ημο ζηνμβίιμο ζε 
ειεθηνηθή μέζς ειεθηνμγεκκήηνηαξ

7. Επηζηνμθή ημο αημμύ ζημ Φογείμ θαη μεηαηνμπή ημο πάιη ζε 
κενό

8. ΢οιιμγή ηςκ θαοζαενίςκ (Σεθνμιεθάκε, Απμζείςζε)

9. Απαγςγή εκαπμμείκακηςκ θαοζαενίςκ ζημκ πύνγμ ρύλεξ 
θαη μεηαθμνά ζημκ πενηβάιιμκ

Παραγωγή ηλεκηρικής εμέργειας ζε Αημοηλεκηρικού Σηαθμού



ELABORATION

(deionization, desalination)
(9)

LIGNITE FIELD

(1)

LIGNITE SMASHING

(2)

TRANSPORT/STORAGE 

TO BOILER
(3)

LIGNITE COMBUSTION

(4)

STEAM CREATION

(7)

TURBINE MOTION

(10)

GENERATOR MOTION

(11)

ELECTRIC POWER 

PRODUCTION
(12)

TRANSFER THROUGH THE 

ELECTRICITY NETWORK
(13)

ASH COLLECTION

(5)

ASH DEPOSIT

(6)

WATER PUMPING

(8)

.

.



ACTIVITY

SECTOR (A.C.)

Number of accidents per working-year [N/wyr]

Total 

accidents

per A.C. 

(Ntotal)AC

Normalized 

accidents

per A.C. & 

per wyr

[N/wyr]AC

Accidents 

percen-

tage (%)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

MINES 153 173 168 149 84 66 63 69 84 100 69 60 1238 103.17 30.6

GENERATION 91 75 90 71 65 76 67 60 73 64 63 58 853 71.08 21.1

TRANSMISSION 19 16 20 9 18 12 15 14 17 18 13 4 175 14.58 4.3

DISTRIBUTION 149 172 140 144 144 150 115 130 119 117 112 108 1600 133.33 39.5

OTHER 18 9 16 18 14 13 9 16 13 15 17 22 180 15.00 4.5

TOTAL 430 445 434 391 325 317 269 289 306 314 274 252 4046 337.17 100.0

Accident Analysis



Year
Number of 

Employees

Man-working 

hours [hrs/yr]

Number of 

fatal 

accidents

FAFR 

per 

108 man-hrs

1993 30816 269,948,160.00 7 2.59

1994 32706 286,504,560.00 2 0.70

1995 34805 304,891,800.00 6 1.97

1996 34822 305,040,720.00 10 3.28

1997 34360 300,993,600.00 7 2.33

1998 33784 295,947,840.00 7 2.37

1999 33139 290,297,640.00 6 2.07

2000 32184 281,931,840.00 8 2.84

2001 31659 277,332,840.00 3 1.08

2002 29701 260,180,760.00 14 5.38

2003 29065 254,609,400.00 6 2.36

2004 28429 249,038,040.00 5 2.01

Entire period 1993-2004 3.38.109 81 2.40
ACTIVITY

SECTOR (A.C.)

Number of fatal 
accidents

FAFR 

per 

108 man-hrs

MINES 16 2.37

GENERATION 16 2.37

TRANSMISSION 7 1.04

DISTRIBUTION 37 5.48

OTHER 5 0.74

Whole set of PPC’s activity 
sectors

81 2.40

France 8.5, 

Germany 5, 

USA 5, UK 4 

(ISPL, 2011)

Fatal Accident

Frequency

Rate



AGE 

Number of accidents per working-year [N/wyr] Total 

accidents 

per age 

(1993-

2004) 

Average of 

Accidents  

per (year,age 

and 1000 

employees) 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

<20 3 2 1 5 4 1 2 0 1 0 0 0 19 17,8 

21-25 16 28 28 19 9 7 3 3 8 3 1 1 126 9,0 

26-30 59 71 74 62 59 47 27 27 34 13 5 3 481 9,2 

31-35 105 113 104 89 58 64 62 52 55 32 25 20 779 10,5 

36-40 121 101 99 78 76 68 68 68 75 51 39 34 878 9,9 

41-45 63 69 69 67 61 63 62 75 70 63 49 35 746 9,6 

46-50 39 41 39 44 35 44 30 35 41 37 30 32 447 7,5 

51-55 13 17 9 13 14 15 18 16 15 15 12 12 169 6,2 

56-60 4 3 6 5 3 1 2 4 6 3 2 2 41 6,7 

>61 0 0 0 0 0 1 0 1 1 0 0 0 3 2,4 

Totals 423 445 429 382 319 311 274 281 306 217 163 139 3689  

 

AGE



Type of Hazard 

Sources

Number of accidents per working-year [N/wyr]
Total

Accid. 

percen-

tage (%)1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

EMPLOYEES FALLS 93 119 112 103 75 103 63 69 70 65 72 75 1019 31.3

HITS BY DROPPING 

OBJECTS 49 41 28 25 20 23 8 22 19 13 15 12 275 8.4

IMPACTS ON 

STABLE OBJECTS 119 131 105 87 60 69 66 62 66 52 45 27 889 27.3

SQUEEZING 53 35 35 40 32 19 19 16 21 16 12 10 308 9.5

EXTREME EFFORT 19 18 11 12 10 7 1 3 4 5 4 3 97 3.0

EXPOSURE TO 

NATURAL FACTORS 8 14 12 17 4 12 6 9 7 6 6 7 108 3.3

EXPOSURE TO 

ELECTRICITY 23 21 17 17 22 21 17 23 17 12 10 8 208 6.4

EXPOSURE TO 

CHEMICALS OR 

RADIATION 4 2 3 6 4 3 7 2 1 2 1 0 35 1.1

ANIMAL BITES 10 5 5 6 5 3 7 5 6 3 2 1 58 1.8

OTHER 22 25 13 23 21 9 23 68 23 12 12 11 262 8.0

TOTAL 400 411 341 336 253 269 217 279 234 186 179 154 3259 100.0

Body Part

Number of accidents per working-year [N/wyr]

Total (%)
1993 1994 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

HEAD 74 98 98 70 65 41 35 48 42 33 25 23 19 671 18.8

NECK 2 4 4 4 4 4 2 9 3 4 2 3 3 48 1.3

BODY 31 46 46 23 41 21 16 19 20 21 17 12 9 322 9.0

ARMS 140 126 126 124 120 100 86 55 79 67 70 65 60 1218 34.0

LEGS 121 141 141 105 80 74 92 60 57 45 49 55 64 1084 30.3

INJURY ON 

MULTIPLE 

PARTS 

13 27 27 12 14 7 9 7 61 31 12 10 7 237 6.6

TOTAL 381 442 442 338 324 247 240 198 262 201 175 168 162 3580 100.0

Type of Hazard 

Sources

Body 

Part



Classification of

the most important

hazard sources at a 

steam power plant

of PPC (1993-2004)

(A) (B) (C) (D) 

 

Hazard Sources 

Information recorded in 

the accident-book of 

PPC 

 

Consequences of the undesirable events 

 

Severity 

Index (S) 

SLIPPING 2 months  out of work Absence from the work> 3 weeks, and return 
with health problems 

6 

NARROW 
(CONSTRAINED)  

SPACE 

Respiratory problems Permanent slight inefficiency  7 

MOVEMENT 
OBSTRUCTION 

1 month absence  Absence from the work> 3 weeks, and return 
after full recovery 

5 

ALTITUDE 
CONDITIONS WORK 

3-week backboard use Absence from the work> 3 weeks, and return 
with health problems 

6 

NOISE Earplug use Permanent serious inefficiency 8 

HYDRAULICS UNDER 

PRESSURE 

Serious injury Permanent serious inefficiency 8 

SHARPNESS Scratch, injury   Permanent slight inefficiency  7 

HEAVY WEIGHT 
LIFTING 

Squashing Death 10 

HASTE Fracture  of legs   Permanent slight inefficiency  7 

VEHICLE MOTION Fatality  Death 10 

TRAFFIC Vehicular accident Death 10 

FLOATING FUMES, 
DUST 

Neural problems  Permanent slight inefficiency  7 

RADIATION Neural problems  Absence from the work> 3 weeks, and return 
with health problems 

6 

POLLUTION FACTORS Skin diseases
 

Absence from the work> 3 weeks, and return 
after full recovery 

5 

INSUFFICIENT LIGHT Hand scratch, 1 week out 
of work 

Absence from the work> 3 days, and <3 
weeks, and return after full recovery 

4 

EXTREME 

TEMPERATURES 

First degree burn
 

Absence from the work> 3days and <3weeks 

and return after full recovery 

4 

LEAKAGES CAUSING 
FIRES 

Death from burn  Death 10 

LIGNITE SELF-
IGNITION 

Death from fumes   Death 10 

INTENSE WORK-
TIREDNESS 

/INSUFFICIENT 
GUIDANCE 

 Absence from the work> 
3 weeks 

Absence from the work> 3 weeks, and return 
after full recovery 

5 

ELECTRICITY Electrocution Death 10 

MATERIAL EMISSION Injuring, 2
nd

level burn   Permanent slight inefficiency  7 

INSUFFICIENT 

VENTILATION 

Vapours Absence from the work> 3 weeks, and return 

after full recovery 

5 

STRETCH Contusions, wounds  Absence from the work> 3 weeks, and return 
after full recovery 

5 

 

PRAT



Frequency Index F at a 

steam power plant of

PPC (1993-2004) 

  (A) (B) (C) (D) 

Hazard Sources Information recorded in 

the accident-book of 

PPC 

Frequency of Exposure to 

hazard sources  

(according to Table 8) 

Frequency 

Index (F) 

SLIPPING Exposure every 2 hrs Presence of a potential hazard 
source every 1 hr 

6 

NARROW (CONSTRAINED)  SPACE Exposure 2 times per 
week 

Presence of a potential hazard 
source every 1 week 

4 

MOVEMENT OBSTRUCTION Exposure once (1) per 
day  

Presence of a potential hazard 
source every 8 hr 

5 

ALTITUDE CONDITIONS WORKING Exposure every 1 min Presence of a potential hazard 
source every 1 min 

8 

NOISE Exposure once (1) per 
relay  

Presence of a potential hazard 
source every 8 hr 

5 

HYDRAULICS UNDER PRESSURE Exposure once (1) per 

relay 

Presence of a potential hazard 

source every 8 hr 

5 

SHARPNESS Exposure once (1) per 
relay 

Presence of a potential hazard 
source every 8 hr 

5 

HEAVY WEIGHT LIFTING 10 times/day weight 
lifting  

Presence of a potential hazard 
source every 1 hr 

6 

HASTE Exposure every 1 hr Presence of a potential hazard 
source every 1 hr 

6 

VEHICLE MOTION Exposure every  20min  Presence of a potential hazard 
source every 30 min 

7 

TRAFFIC Exposure once (1) per 
relay 

Presence of a potential hazard 
source every 8 hr 

5 

FLOATING FUMES, DUST Exposure every <40 min  Presence of a potential hazard 

source every 30 min 

7 

RADIATION Exposure every 1 hr Presence of a potential hazard 
source every 1 hr 

6 

POLLUTION FACTORS Exposure 3 times per 
week 

Presence of a potential hazard 
source every 1 week 

4 

INSUFFICIENT LIGHT Work done every 30-40 
min 

Presence of a potential hazard 
source every 30 min 

7 

EXTREME TEMPERATURES Work done every 30-40 
min 

Presence of a potential hazard 
source every 30 min 

7 

LEAKAGES CAUSING FIRES Exposure once (1) per 
relay 

Presence of a potential hazard 
source every 8 hr 

5 

LIGNITE SELF-IGNITION 1 fire per day  Presence of a potential hazard 

source every 8 hr 

5 

INTENSE WORK-TIREDNESS 
/INSUFFICIENT GUIDANCE 

Repeated work:10 times/ 
day 

Presence of a potential hazard 
source every 1 hr 

6 

ELECTRICITY Presence  every 1 min Presence of a potential hazard 
source every 1 min 

8 

MATERIAL EMISSION 3 times per day   Presence of a potential hazard 
source every 8 hr 

5 

INSUFFICIENT VENTILATION Repeated work:12 times/ 
day 

Presence of a potential hazard 
source every 1 hr 

6 

STRETCH 3 times per month  Presence of a potential hazard 
source every 1 week 

4 

 

PRAT



(A) (B) (C) (D) (E) (F) 

Hazard Sources Severity  

 

(S) 

Frequency 

Index 

(F) 

Likelihood 

Index  

(P) 

Risk Value  

(R) 

Immediate Actions 

SLIPPING 6 6 6.48 233.28 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 
NARROW 

(CONSTRAINED)  
SPACE 

7 4 3.48 97.44 R<<200   Immediate action is not necessary 

but it is required the event’s surveillance  

MOVEMENT 
OBSTRUCTION 

5 5 6.48 162.00 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

ALTITUDE 
CONDITIONS 

WORKING 

6 8 6.35 304.80 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 

NOISE 8 5 8.54 341.60 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
HYDRAULICS 

UNDER PRESSURE 
8 5 3.70 148.00 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

SHARPNESS 7 5 7.33 256.55 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 
HEAVY WEIGHT 

LIFTING 
10 6 6.48 388.80 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
HASTE 7 6 7.25 304.50 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
VEHICLE MOTION 10 7 3.43 240.10 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 

TRAFFIC 10 5 3.43 171.50 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  
FLOATING FUMES, 

DUST 
7 7 6.35 311.15 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
RADIATION 6 6 4.44 159.84 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  
POLLUTION 

FACTORS 

5 4 6.48 129.60 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

INSUFFICIENT 
LIGHT 

4 7 6.48 181.44 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

EXTREME 
TEMPERATURES 

4 7 6.48 181.44 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

LEAKAGES 
CAUSING FIRES 

10 5 6.79 339.50 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
LIGNITE SELF-

IGNITION 
10 5 8.74 437.00 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 

INTENSE WORK-
TIREDNESS 

/INSUFFICIENT 
GUIDANCE 

5 6 4.36 130.80 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

ELECTRICITY 10 8 6.48 518.40 700>R>500   Required actions (or 

suppressive measures) are essential earlier than 

1 day 
MATERIAL 
EMISSION 

7 5 6.48 226.80 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 
INSUFFICIENT 
VENTILATION 

5 6 5.61 168.30 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

STRETCH 5 4 6.35 127.00 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

 

* Risk value R 

* required actions

* PRAT technique 

using real data of

undesirable

events and

accidents

(1993-2004)



(A) (B) (C) (D) (E) (F) 

Hazard Sources Severity  

 

(S) 

Frequency 

Index 

(F) 

Likelihood 

Index  

(P) 

Risk Value  

(R) 

Immediate Actions 

SLIPPING 6 6 6.48 233.28 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 
NARROW 

(CONSTRAINED)  
SPACE 

7 4 3.48 97.44 R<<200   Immediate action is not necessary 

but it is required the event’s surveillance  

MOVEMENT 
OBSTRUCTION 

5 5 6.48 162.00 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

ALTITUDE 
CONDITIONS 

WORKING 

6 8 6.35 304.80 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 

NOISE 8 5 8.54 341.60 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
HYDRAULICS 

UNDER PRESSURE 
8 5 3.70 148.00 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

SHARPNESS 7 5 7.33 256.55 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 
HEAVY WEIGHT 

LIFTING 
10 6 6.48 388.80 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
HASTE 7 6 7.25 304.50 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
VEHICLE MOTION 10 7 3.43 240.10 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 

TRAFFIC 10 5 3.43 171.50 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  
FLOATING FUMES, 

DUST 
7 7 6.35 311.15 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
RADIATION 6 6 4.44 159.84 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  
POLLUTION 

FACTORS 

5 4 6.48 129.60 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

INSUFFICIENT 
LIGHT 

4 7 6.48 181.44 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

EXTREME 
TEMPERATURES 

4 7 6.48 181.44 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

LEAKAGES 
CAUSING FIRES 

10 5 6.79 339.50 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 
LIGNITE SELF-

IGNITION 
10 5 8.74 437.00 500>R>300   Required actions (or 

suppressive measures) are essential earlier than 

1 month 

INTENSE WORK-
TIREDNESS 

/INSUFFICIENT 
GUIDANCE 

5 6 4.36 130.80 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

ELECTRICITY 10 8 6.48 518.40 700>R>500   Required actions (or 

suppressive measures) are essential earlier than 

1 day 
MATERIAL 
EMISSION 

7 5 6.48 226.80 300>R>200   Required actions (or 

suppressive measures) are essential earlier than 

1 year 
INSUFFICIENT 
VENTILATION 

5 6 5.61 168.30 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

STRETCH 5 4 6.35 127.00 R<200  Immediate action is not necessary 

but it is required the event’s surveillance  

 

* Risk value R 

* required actions

* PRAT technique 

using real data of

undesirable

events and

accidents

(1993-2004)

518.40

Urgent suppressive 

measures are 

essential

(J.LPPI: Marhavilas et al. 2008b; 2011b)



• Η εθηηκνύκελε ηηκή ηεο επηθηλδπλόηεηαο, γηα

νξηζκέλεο πεγέο θηλδύλνπ: R ≥ 500

(ζηελ θιίκαθα 0-1000)

• To γεγνλόο απηό θαηαδεηθλύεη ηελ αλαγθαηόηεηα

ηεο ιήςεο άκεζσλ κέηξσλ, πξνθεηκέλνπ λα

ππνβαζκηζηεί ν άκεζνο θίλδπλνο γηα ηελ εθδήισζε

ζνβαξνύ αηπρήκαηνο

(J.LPPI: Marhavilas et al. 2008b; 2011b)



Decision Matrix Risk Assessment technique

   Hazard Likelihood ratings (L) 

    1 2 3 4 5 6 7 8 9 10 
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C
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1 1 2 3 4 5 6 7 8 9 10 

2 2 4 6 8 10 12 14 16 18 20 

3 3 6 9 12 15 18 21 24 27 30 

4 4 8 12 16 20 24 28 32 36 40 

5 5 10 15 20 25 30 35 40 45 50 

6 6 12 18 24 30 36 42 48 54 60 

7 7 14 21 28 35 42 49 56 63 70 

8 8 16 24 32 40 48 56 64 72 80 

9 9 18 27 36 45 54 63 72 81 90 

10 10 20 30 40 50 60 70 80 90 100 

 

Colors & 

Patterns 
Category of risk Risk Value 

Evaluation of 

tolerability 

  Rejectable 70RDM100 
Unacceptable 

  Unacceptable 50 RDM <70 

 Objectionable 30 RDM <50 Risk that 
should be 

reduced   Undesirable 16 RDM <30 

  Acceptable with controls 7 RDM <16 
Acceptable 

  Acceptable  1 RDM <7 

 

The risk matrix

The decision-making table

(with 6 levels)

DMRA



Risk 

Assessment 

Decisions

. (A) (B) (C) (D) (E) (F) 

.  

Hazard Sources 

Severity or 

Consequence 

Factor  

(C) 

Likelihood 

Index  

(L) 

Risk 

Value 

(RDM) 

Risk 

Assessment 

Decisions 

 

Immediate Actions 

. SLIPPING 6 6.48 38.88 
 

30<RDM<50   Objectionable. Required actions to 

eliminate the hazard source.  

 NARROW (CONSTRAINED)  
SPACE 

7 3.48 24.36 

 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 MOVEMENT OBSTRUCTION 5 6.48 32.40 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 ALTITUDE CONDITIONS 
WORKING 

6 6.35 38.10 

 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 NOISE 8 8.54 68.32 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 HYDRAULICS UNDER 

PRESSURE 

8 3.70 29.60 

 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 SHARPNESS 7 7.33 51.31 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 HEAVY WEIGHT LIFTING 10 6.48 64.80 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 HASTE 7 7.25 50.75 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 VEHICLE MOTION 10 3.43 34.30 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 TRAFFIC 10 3.43 34.30 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 FLOATING FUMES, DUST 7 6.35 44.45 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 RADIATION 6 4.44 26.64 
 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 POLLUTION FACTORS 5 6.48 32.40 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 INSUFFICIENT LIGHT 4 6.48 25.92 
 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 EXTREME TEMPERATURES 4 6.48 25.92 
 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 LEAKAGES CAUSING FIRES 10 6.79 67.90 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 LIGNITE SELF-IGNITION 10 8.74 87.40 
 

70< RDM <100  Rejectable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 INTENSE WORK-

TIREDNESS/INSUFFICIENT 
GUIDANCE 

5 4.36 21.80  16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 ELECTRICITY 10 6.48 64.80  50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 MATERIAL EMISSION 7 6.48 45.36 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 INSUFFICIENT 
VENTILATION 

5 5.61 28.05 

 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

. STRETCH 5 6.35 31.75 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 

DMRA



Risk 

Assessment 

Decisions

. (A) (B) (C) (D) (E) (F) 

.  

Hazard Sources 

Severity or 

Consequence 

Factor  

(C) 

Likelihood 

Index  

(L) 

Risk 

Value 

(RDM) 

Risk 

Assessment 

Decisions 

 

Immediate Actions 

. SLIPPING 6 6.48 38.88 
 

30<RDM<50   Objectionable. Required actions to 

eliminate the hazard source.  

 NARROW (CONSTRAINED)  
SPACE 

7 3.48 24.36 

 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 MOVEMENT OBSTRUCTION 5 6.48 32.40 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 ALTITUDE CONDITIONS 
WORKING 

6 6.35 38.10 

 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 NOISE 8 8.54 68.32 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 HYDRAULICS UNDER 

PRESSURE 

8 3.70 29.60 

 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 SHARPNESS 7 7.33 51.31 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 HEAVY WEIGHT LIFTING 10 6.48 64.80 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 HASTE 7 7.25 50.75 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 VEHICLE MOTION 10 3.43 34.30 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 TRAFFIC 10 3.43 34.30 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 FLOATING FUMES, DUST 7 6.35 44.45 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 RADIATION 6 4.44 26.64 
 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 POLLUTION FACTORS 5 6.48 32.40 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 INSUFFICIENT LIGHT 4 6.48 25.92 
 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 EXTREME TEMPERATURES 4 6.48 25.92 
 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 LEAKAGES CAUSING FIRES 10 6.79 67.90 
 

50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 LIGNITE SELF-IGNITION 10 8.74 87.40 
 

70< RDM <100  Rejectable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 INTENSE WORK-

TIREDNESS/INSUFFICIENT 
GUIDANCE 

5 4.36 21.80  16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

 ELECTRICITY 10 6.48 64.80  50< RDM <70  Unacceptable. Immediate & urgent 

actions to eliminate the hazard source, instantly 

 MATERIAL EMISSION 7 6.48 45.36 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 INSUFFICIENT 
VENTILATION 

5 5.61 28.05 

 

16< RDM <30  Undesirable. Required actions to 

eliminate the hazard source. 

. STRETCH 5 6.35 31.75 
 

30< RDM <50  Object ionable. Required actions to 

eliminate the hazard source. 

 

DMRA

Rejectable. Immediate 

& urgent actions to 

eliminate the hazard 

source, instantly
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Stochastic Approach

 

Accident Forecasting Modeling Classic Statistical Approach
 

Time-Series Method  

Markov Chain Analysis
 

Grey Model

 

 

Scenario Analysis

Regression Method

Neural Networks

Bayesian networks

Epistemic Models

  * PEA

Probability Distributions
  

  * Exponential

  * Normal 
  * Log-Normal
  * Weibull 

* Rate Model

* MTTF/MTTR Model
* Time at Risk Model

* Poisson Model
* Rate/MTTR Model

.

.

 

Event Data-Models

Πιθανοκπαηικέρ Σεσνικέρ

T.S.P.



Χρομοζειρά: Αθμιμοζία παναηενήζεςκ ζε δηαθμνεηηθά 
πνμκηθά ζεμεία

Αλάιπζε ρξνλνζεηξώλ R(t)



ζπλππάξρνπλ 3 ραξαθηεξηζηηθά:

• ηάζε (θιίζε), 

• πεξηνδηθόηεηα, 

• ζόξπβνο

Σθνπόο: απνκόλσζε ηνπ θαζέλα

= + +
ηάζε πεξηνδηθόηεηα ζόξπβνο



Μέθοδος της ανάλυσης (decomposition)

βαςικόσ ςκοπόσ: να διαχωρύςουμε και να 
απομονώςουμε τα διϊφορα χαρακτηριςτικϊ 
μιασ χρονοςειρϊσ:
κυρύωσ τα μη-ςτϊςιμα από τα ςτϊςιμα
χαρακτηριςτικϊ 

Εργαλεύα: εξομϊλυνςη (smoothing), 
προςαρμογό (fitting), αφαύρεςη, παύρνουμε 
τη διαφορϊ …



΢ηάζημε πνμκμζεηνά: Υςνίξ θιίζε

Αλάιπζε ρξνλνζεηξώλ R(t)



Ανάλυση τάσης

μϋθοδοι για ταυτοπούηςη τησ τϊςησ:

1. γραμμικό φιλτρϊριςμα (smoothing, low-
pass filtering)

2. μϋθοδοσ διαφορών (differencing)

3. προςαρμογό (fitting) μιασ ςυνϊρτηςησ



Harmonic Analysis 

of occupational-

accident Time-

Series

Αλάιπζε ρξνλνζεηξώλ R(t)

Risk Analysis

Quantified 
Risk Evaluation

Risk Assessment

Begin

Risk Evaluation 

End

.

.

Is the risk 

tolerable ?

Yes

Risk 
reduction

No

Acceptance
Criteria

Ensure risk assessment and controls 

are effective and up-to-date

H.A.T.S.

#B

#A

(J.RESS: Marhavilas & Koulouriotis 2012; Marhavilas et al. 2013)



Harmonic Analysis 

of occupational-

accident Time-

Series

Αλάιπζε ρξνλνζεηξώλ R(t)

Risk Analysis

Quantified 
Risk Evaluation

Risk Assessment

Begin

Risk Evaluation 

End

.

.

Is the risk 

tolerable ?

Yes

Risk 
reduction

No

Acceptance
Criteria

Ensure risk assessment and controls 

are effective and up-to-date

H.A.T.S.

#B

#A

(J.RESS: Marhavilas & Koulouriotis 2012; Marhavilas et al. 2013)

HATS



Αλάιπζε ρξνλνζεηξώλ

(Time Series)

Πεδίν ρξόλνπ

(t)

Πεδίν ζπρλόηεηαο

(f)

1. Κιίζεηο

2. Πεξηνδηθόηεηεο

Φάζκα αξκνληθώλ πιαηώλ 

(πεξηνδόγξακκα)

Φάζκα ηζρύνο (Power spectrum)

TSP: Time-Series Stochastic Processes 



Τime-profile of the 

number of accidents (or 

undesirable events) 

concerning the most 

important hazard 

sources defined and 

classified in PPC by 

safety managers for the 

period 

1993-2009
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hazard sources in PPC's worksites covering the period 1993-2009

(1 month  time-averaged data) 
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IMPACTS ON STABLE OBJECTS OTHER

EXPOSURE TO NATURAL FACTORSEXPOSURE TO ELECTRICITY

EXPOSURE TO CHEMICALS 
OR RADIATIONEXTREME EFFORT

(a) (b)

(c) (d)

(e) (f)

(g) (h)

3.4yr

Fitting curve (method: running averaging, window width:9) 
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Trend factor: 
ln[A(t)] = -0.034* t+70.5 Trend factor: 

ln[A(t)] = -0.121* t+243.4

Trend factor: 
ln[A(t)] = -0.069* t+139.6 Trend factor: 

ln[A(t)] = -0.067* t+133.99

Trend factor: 
ln[A(t)] = -0.094* t+188.2

Trend factor: 
ln[A(t)] = -0.048* t+94.8

Trend factor: 
ln[A(t)] = -0.089* t+175.9

Trend factor: 
ln[A(t)] = -0.034* t+65.7
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Depiction of the accident time-series concerning the most important 
hazard sources in PPC's worksites covering the period 1993-2009

(1 month  time-averaged data) 
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hazard sources in PPC's worksites covering the period 1993-2009

(1 month  time-averaged data) 
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Αλάιπζε ρξνλνζεηξώλ

(Time Series)

Πεδίν ρξόλνπ

(t)

Πεδίν ζπρλόηεηαο

(f)

1. Κιίζεηο

2. Πεξηνδηθόηεηεο

Φάζκα αξκνληθώλ πιαηώλ 

(πεξηνδόγξακκα)

Φάζκα ηζρύνο (Power spectrum)

TSP: Time-Series Stochastic Processes 



Ανμμκηθή ακάιοζε

 Τπμζέημομε όηη μηα πνμκμζεηνά Xt, t = 1, 2,…n μπμνεί κα 
γναθεί ζακ άζνμηζμα ανμμκηθώκ μεηαβιεηώκ ζηε μμνθή:

Όπμο μη πμζόηεηεξ a0, ak, bk είκαη ηα ανμμκηθά πιάηε.

 Τπμιμγίδεηαη ημ ηεηνάγςκμ ηςκ Α.Π. θαη ημ άζνμηζμά 
ημοξ.

 Γίκεηαη ζύγθνηζε με ημκ πίκαθα ζεμακηηθόηεηαξ ημο 
Fisher.



Spectra (or

periodogramms) produced

by applying the harmonic

analysis on the accident

time-series A(t) of the most

important hazard sources

in PPC worksites during

1993-2009
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Periodogramms of the accidents time-series A(t) of the most 
important hazard sources in PPC's worksites concerning 1993-2009
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Spectro-graphical

distribution of the

significant

periodicities
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harmonic multiples of
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Color-map of periodic components from harmonic analysis in

PPC's worksites (1993-2009)
Periodic Components of A(t) [yrs]

Hazard Sources
8.46 5.64 4.3 4.23 3.38 2.82 2.42 2.12 1.69 1.54 1.41 1.13

A EMPLOYEES FALLS √ √ √ √

B COLLAPSES & SQUEEZES √ √ √

C
IMPACTS ON FIXED 

OBJECTS
√ √ √ √ √

G EXTREME EFFORT √ √ √ √ √

F
EXPOSURE TO NATURAL 

FACTORS
√ √ √

E
EXPOSURE TO 

ELECTRICITY
√ √ √

H

EXPOSURE TO 

CHEMICALS OR 

RADIATION
√ √ √ √ √

D OTHER √ √ √ √



* TSP in PPC (for 1993-2009) are characterized by: 

* The existence of a periodic factor of ~1.5-4 yrs, 

which:

* constitutes a permanent feature for the dynamic 

behavior of PPC’s system relatively to safety, and 

* could be taken into account by the company’s risk 

managers in order to achieve more efficient results on risk 

assessment.
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Καηαζθεπέο :

(i) Presence of a long-term trend factor 

with a decreasing or a constant tension 

(ii) Presence of a periodical factor at a 

level of ~1.0 yr  (statistically significant)



R(t) calculated in 

PPC's worksites and 

concerning the period 

1993-2009
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The results of the harmonic analysis applied on R(t) of the most 

important hazard sources (PPC's worksites, for 1993-2009)

Hazard Sources 
Periodic Components [yrs] 

8.5 5.66 4.25 3.4 2.83 

EMPLOYEES FALLS √  √ √  
COLLAPSES & SQUEEZES  √ √  √ √ 
IMPACTS ON STABLE 

OBJECTS 
 √  √  

EXTREME EFFORT √    √ 
EXPOSURE TO NATURAL 

FACTORS 
 √   √ 

EXPOSURE TO 

ELECTRICITY 
√ √  √ √ 

EXPOSURE TO CHEMICALS 

OR RADIATION 
√ √  √ √ 

OTHER √  √ √  

 

~3.5-5.5 yrs

A permanent 

characteristic 

for the dynamic 

behavior of 

PPC’s system
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  * PEA

Probability Distributions
  

  * Exponential

  * Normal 
  * Log-Normal
  * Weibull 

* Rate Model

* MTTF/MTTR Model
* Time at Risk Model

* Poisson Model
* Rate/MTTR Model

.

.

 

Event Data-Models

Πιθανοκπαηικέρ Σεσνικέρ



 

Deterministic Risk Assessment Methodologies 

 

 
Quantitative Techniques Qualitative Techniques Hybrid Techniques 

DMRA technique 

 

Risk measures 

of societal risk 

QRA technique 

 

PRAT technique 

 

QADS 

 

Check Lists 

What if Analysis  

Safety Audits 

Task Analysis 

STEP technique  

HAZOP 
CREA method 

 

WRA 

 

HEAT / HFEA 

 

FTA 

 

ETA 

 

RBM 

 

Αιηιοκπαηικέρ Σεσνικέρ



The flowchart of 

quantified risk-evaluation,

implemented by the 

combination and the jointly 

evaluation of a Stochastic 

and a Deterministic

process.
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Ensure risk assessment and controls 
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Stochastic
Approach

#A

#B



The flowchart of STODET

quantified risk-evaluation,

implemented by the 

combination and the jointly 

evaluation of a Stochastic 

and a Deterministic

process.
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The flowchart of STODET

quantified risk-evaluation,

implemented by the 

combination and the jointly 

evaluation of a Stochastic 

and a Deterministic

process.

Risk Analysis
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Start

 Identification of 
Hazard Sources

Risk Consideration/Estimation/Calculation

End
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Is the risk 
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reduction
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PRAT

Time at Risk 

Failure Model



Αστοχία (Failure) και Αξιοπιστία (Reliability)

Basic Reliability Equations

* R=e-λt

* R+Q=1

* Q=1-R= 1- e-λt

Approximation

When λT<0.001 then Q  λT

Where:

R= Reliability or probability of success

Q= Unreliability or probability of failure

λ= component failure rate =1/MTBF  (mean time between failures)

T= time interval (mission time or exposure time)



A stochastic model: “Time at Risk Failure Model”

Probability of failure:  

λ :  failure rate

Σ : time of exposure

TetQ 1)(



A stochastic model: “Time at Risk Failure Model”

“mean time” plays a very important role in connection 

with the reliability and the probability of failure of 

OHSS 

One significant “mean time” is the “mean time 

between failures” (MTBF) :

ι = 1 / MTBF



Risk-value R and its maximum value Rmax , which have been calculated by applying the

PRAT technique on the most important hazard sources defined in PPC’s OHSS [1993-

2009] Probability of failure Q of PPC’s OHSS system by applying the “Time at Risk

Failure” stochastic model, and using the total accidents and the corresponding MTBF

Hazard 

Sources 
Risk Value (R) 

Total 

Acciden

ts  

Max 

value 

of 

Risk 

(Rmax) 

 

MTBF  
[hr] 

Q (%) 

[T=1w.

week] 

Q (%) 

[T=1w.

month] 

Q (%) 

[T=1w. 

yr] 

(A) (B) (C) (D) (E) (F) (G) (H) 

 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
1993-

2009 

1993-

2009 

1993-

2009 
   

EMPLOYEES 
FALLS 

94.2 117.8 133.7 124.5 119.5 155.5 116.7 99.4 120.3 140.5 162.1 193.3 158.6 158.0 161.7 171.1 53.7 1303 193.3 114.3 65.0% 99.0% 100.0% 

COLLAPSES & 

SQUEEZES 
103.5 74.5 74.3 77.8 82.2 62.3 43.3 39.9 50.3 55.4 52.5 47.6 0.0 0.0 0.4 0.5 1.2 586 103.5 254.1 37.6% 87.5% 100.0% 

IMPACTS ON 
STABLE 

OBJECTS 

109.0 117.3 112.5 94.2 85.6 92.8 110.0 80.2 102.1 100.7 67.2 54.9 145.1 155.1 99.3 126.5 109.6 1159 155.1 128.5 60.7% 98.4% 100.0% 

EXTREME 

EFFORT 
12.3 11.3 7.7 8.7 9.4 6.0 0.3 1.7 2.7 4.2 3.5 3.0 7.0 4.5 1.1 8.5 1.9 123 12.3 1210.7 9.4% 35.3% 99.1% 

EXPOSURE TO 

NATURAL 

FACTORS 

2.8 7.4 7.5 11.3 2.2 9.5 3.8 4.5 4.1 4.4 4.6 6.2 6.1 1.0 1.4 6.5 16.7 138 16.7 1079.1 10.5% 38.7% 99.5% 

EXPOSURE TO 

ELECTRICITY 
19.3 16.9 15.9 16.1 29.0 25.8 24.9 27.7 23.1 19.6 11.1 10.2 18.3 27.1 26.9 6.6 2.4 256 29.0 581.7 18.6% 59.7% 100.0% 

EXPOSURE TO 

CHEMICALS 
OR RADIATION 

1.8 0.8 1.5 3.2 2.8 1.9 5.7 0.5 0.3 0.8 0.4 0.0 0.8 0.4 8.2 0.5 12.8 52 12.8 2863.8 4.1% 16.8% 86.6% 

OTHER 20.4 18.3 11.9 20.2 24.8 9.5 34.7 73.8 30.8 17.6 16.9 16.5 6.1 5.6 34.4 15.6 42.1 384 73.8 387.8 26.6% 74.4% 100.0% 

 



R for PPC’s OHSS system (1993-2009)  

Sources requiring medium-term actions (R200)
* Most important hazard source in PPC : “EMPLOYEES FALLS” 

* maximum R=193.3 (i.e. very close to 200) 

So, required actions must be done earlier than 1 year in order to degrade the 

likelihood of arising fatal accidents. 

Sources requiring long-term actions (100<R<200)
Additional significant hazard sources: a) “IMPACTS ON STABLE OBJECTS” 

(R=155.1>>100), b) “COLLAPSES & SQUEEZES” (R=103.5>100), which present a 

risk value greater than 100 and long-term actions are essential for the elimination of 

their potential of danger.

Sources requiring surveillance (R<100)
Other hazard sources: a) “EXPOSURE TO ELECTRICITY” (R=29<100), b) 

“EXPOSURE TO CHEMICALS OR RADIATION” (R=12.8<100), which present a risk 

value lower than 100, and required actions are not necessary but the events’ 

surveillance instead.

PRAT



Risk-value R and its maximum value Rmax , which have been calculated by applying the

PRAT technique on the most important hazard sources defined in PPC’s OHSS [1993-

2009] Probability of failure Q of PPC’s OHSS system by applying the “Time at Risk

Failure” stochastic model, and using the total accidents and the corresponding MTBF

Hazard 

Sources 
Risk Value (R) 

Total 

Acciden

ts  

Max 

value 

of 

Risk 

(Rmax) 

 

MTBF  
[hr] 

Q (%) 

[T=1w.

week] 

Q (%) 

[T=1w.

month] 

Q (%) 

[T=1w. 

yr] 

(A) (B) (C) (D) (E) (F) (G) (H) 

 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
1993-

2009 

1993-

2009 

1993-

2009 
   

EMPLOYEES 
FALLS 

94.2 117.8 133.7 124.5 119.5 155.5 116.7 99.4 120.3 140.5 162.1 193.3 158.6 158.0 161.7 171.1 53.7 1303 193.3 114.3 65.0% 99.0% 100.0% 

COLLAPSES & 

SQUEEZES 
103.5 74.5 74.3 77.8 82.2 62.3 43.3 39.9 50.3 55.4 52.5 47.6 0.0 0.0 0.4 0.5 1.2 586 103.5 254.1 37.6% 87.5% 100.0% 

IMPACTS ON 
STABLE 

OBJECTS 

109.0 117.3 112.5 94.2 85.6 92.8 110.0 80.2 102.1 100.7 67.2 54.9 145.1 155.1 99.3 126.5 109.6 1159 155.1 128.5 60.7% 98.4% 100.0% 

EXTREME 

EFFORT 
12.3 11.3 7.7 8.7 9.4 6.0 0.3 1.7 2.7 4.2 3.5 3.0 7.0 4.5 1.1 8.5 1.9 123 12.3 1210.7 9.4% 35.3% 99.1% 

EXPOSURE TO 

NATURAL 

FACTORS 

2.8 7.4 7.5 11.3 2.2 9.5 3.8 4.5 4.1 4.4 4.6 6.2 6.1 1.0 1.4 6.5 16.7 138 16.7 1079.1 10.5% 38.7% 99.5% 

EXPOSURE TO 

ELECTRICITY 
19.3 16.9 15.9 16.1 29.0 25.8 24.9 27.7 23.1 19.6 11.1 10.2 18.3 27.1 26.9 6.6 2.4 256 29.0 581.7 18.6% 59.7% 100.0% 

EXPOSURE TO 

CHEMICALS 
OR RADIATION 

1.8 0.8 1.5 3.2 2.8 1.9 5.7 0.5 0.3 0.8 0.4 0.0 0.8 0.4 8.2 0.5 12.8 52 12.8 2863.8 4.1% 16.8% 86.6% 

OTHER 20.4 18.3 11.9 20.2 24.8 9.5 34.7 73.8 30.8 17.6 16.9 16.5 6.1 5.6 34.4 15.6 42.1 384 73.8 387.8 26.6% 74.4% 100.0% 

 



“Time at Risk Failure Model” for PPC’s system (1993-2009)

High-risky sources (Q50%)
• Most important hazard source in PPC: “EMPLOYEES FALLS” 

• Q=65.0% (for T=1 working week)  

• Another high-risky hazard-source: “IMPACTS ON STABLE OBJECTS” 

• Q=60.7% (for T=1 w.week).

Medium-risky sources (10%<Q<50%)
• Other significant hazard sources: 

• “COLLAPSES & SQUEEZES” (Q=37.6% for T=1 w.week) 

• “OTHER SOURCES” (Q=26.6%) 

• “EXPOSURE TO ELECTRICITY” (Q=18.6%).

Low-risky sources (Q10%)
Other sources like 

• “EXPOSURE TO CHEMICALS OR RADIATION” (Q=4.1%) 

• “EXTREME EFFORT” (Q=9.4%) 

• “EXPOSURE TO NATURAL FACTORS” (Q10%) 

present a low (10%) or a very low (5%) probability of failure Q.

“ TRF ”



Risk-value R and its maximum value Rmax , which have been calculated by applying the

PRAT technique on the most important hazard sources defined in PPC’s OHSS [1993-

2009] Probability of failure Q of PPC’s OHSS system by applying the “Time at Risk

Failure” stochastic model, and using the total accidents and the corresponding MTBF

Hazard 

Sources 
Risk Value (R) 

Total 

Acciden

ts  

Max 

value 

of 

Risk 

(Rmax) 

 

MTBF  
[hr] 

Q (%) 

[T=1w.

week] 

Q (%) 

[T=1w.

month] 

Q (%) 

[T=1w. 

yr] 

(A) (B) (C) (D) (E) (F) (G) (H) 

 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
1993-

2009 

1993-

2009 

1993-

2009 
   

EMPLOYEES 
FALLS 

94.2 117.8 133.7 124.5 119.5 155.5 116.7 99.4 120.3 140.5 162.1 193.3 158.6 158.0 161.7 171.1 53.7 1303 193.3 114.3 65.0% 99.0% 100.0% 

COLLAPSES & 

SQUEEZES 
103.5 74.5 74.3 77.8 82.2 62.3 43.3 39.9 50.3 55.4 52.5 47.6 0.0 0.0 0.4 0.5 1.2 586 103.5 254.1 37.6% 87.5% 100.0% 

IMPACTS ON 
STABLE 

OBJECTS 

109.0 117.3 112.5 94.2 85.6 92.8 110.0 80.2 102.1 100.7 67.2 54.9 145.1 155.1 99.3 126.5 109.6 1159 155.1 128.5 60.7% 98.4% 100.0% 

EXTREME 

EFFORT 
12.3 11.3 7.7 8.7 9.4 6.0 0.3 1.7 2.7 4.2 3.5 3.0 7.0 4.5 1.1 8.5 1.9 123 12.3 1210.7 9.4% 35.3% 99.1% 

EXPOSURE TO 

NATURAL 

FACTORS 

2.8 7.4 7.5 11.3 2.2 9.5 3.8 4.5 4.1 4.4 4.6 6.2 6.1 1.0 1.4 6.5 16.7 138 16.7 1079.1 10.5% 38.7% 99.5% 

EXPOSURE TO 

ELECTRICITY 
19.3 16.9 15.9 16.1 29.0 25.8 24.9 27.7 23.1 19.6 11.1 10.2 18.3 27.1 26.9 6.6 2.4 256 29.0 581.7 18.6% 59.7% 100.0% 

EXPOSURE TO 

CHEMICALS 
OR RADIATION 

1.8 0.8 1.5 3.2 2.8 1.9 5.7 0.5 0.3 0.8 0.4 0.0 0.8 0.4 8.2 0.5 12.8 52 12.8 2863.8 4.1% 16.8% 86.6% 

OTHER 20.4 18.3 11.9 20.2 24.8 9.5 34.7 73.8 30.8 17.6 16.9 16.5 6.1 5.6 34.4 15.6 42.1 384 73.8 387.8 26.6% 74.4% 100.0% 

 



Joint evaluation of STODET

• The results of the PRAT and TRF application are 

compatible in general 

For example: 

Most important hazard sources: 

“EMPLOYEES FALLS” 

“IMPACTS ON STABLE OBJECTS”   

• Both of the two models prove that required actions (or 

suppressive measures) are essential in a medium-term

period (earlier than 1 w.year)



Risk-value R and its maximum value Rmax , which have been calculated by applying the

PRAT technique on the most important hazard sources defined in PPC’s OHSS [1993-

2009] Probability of failure Q of PPC’s OHSS system by applying the “Time at Risk

Failure” stochastic model, and using the total accidents and the corresponding MTBF

Hazard 

Sources 
Risk Value (R) 

Total 

Acciden

ts  

Max 

value 

of 

Risk 

(Rmax) 

 

MTBF  
[hr] 

Q (%) 

[T=1w.

week] 

Q (%) 

[T=1w.

month] 

Q (%) 

[T=1w. 

yr] 

(A) (B) (C) (D) (E) (F) (G) (H) 

 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
1993-

2009 

1993-

2009 

1993-

2009 
   

EMPLOYEES 
FALLS 

94.2 117.8 133.7 124.5 119.5 155.5 116.7 99.4 120.3 140.5 162.1 193.3 158.6 158.0 161.7 171.1 53.7 1303 193.3 114.3 65.0% 99.0% 100.0% 

COLLAPSES & 

SQUEEZES 
103.5 74.5 74.3 77.8 82.2 62.3 43.3 39.9 50.3 55.4 52.5 47.6 0.0 0.0 0.4 0.5 1.2 586 103.5 254.1 37.6% 87.5% 100.0% 

IMPACTS ON 
STABLE 

OBJECTS 

109.0 117.3 112.5 94.2 85.6 92.8 110.0 80.2 102.1 100.7 67.2 54.9 145.1 155.1 99.3 126.5 109.6 1159 155.1 128.5 60.7% 98.4% 100.0% 

EXTREME 

EFFORT 
12.3 11.3 7.7 8.7 9.4 6.0 0.3 1.7 2.7 4.2 3.5 3.0 7.0 4.5 1.1 8.5 1.9 123 12.3 1210.7 9.4% 35.3% 99.1% 

EXPOSURE TO 

NATURAL 

FACTORS 

2.8 7.4 7.5 11.3 2.2 9.5 3.8 4.5 4.1 4.4 4.6 6.2 6.1 1.0 1.4 6.5 16.7 138 16.7 1079.1 10.5% 38.7% 99.5% 

EXPOSURE TO 

ELECTRICITY 
19.3 16.9 15.9 16.1 29.0 25.8 24.9 27.7 23.1 19.6 11.1 10.2 18.3 27.1 26.9 6.6 2.4 256 29.0 581.7 18.6% 59.7% 100.0% 

EXPOSURE TO 

CHEMICALS 
OR RADIATION 

1.8 0.8 1.5 3.2 2.8 1.9 5.7 0.5 0.3 0.8 0.4 0.0 0.8 0.4 8.2 0.5 12.8 52 12.8 2863.8 4.1% 16.8% 86.6% 

OTHER 20.4 18.3 11.9 20.2 24.8 9.5 34.7 73.8 30.8 17.6 16.9 16.5 6.1 5.6 34.4 15.6 42.1 384 73.8 387.8 26.6% 74.4% 100.0% 

 


