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INTRODUCTION 

•  EXCELPLAS LABS AUSTRALIA ARE EXPERTS IN THE CONDITIONING 
MONIORING (CM) AND CONDITION ASSESSMENT (CA) OF HDPE PIPES 
AND FITTINGS. 

•  HAVING OVER 20 YEARS EXPERIENCE IN TESTING AND ANALYSIS OF 
HDPE PIPELINES, EXCELPLAS LABS HAVE DEVELOPED AN ANALYTICAL 
TESTING PROTOCOL THAT CAN ACCURATELY DETERMINE THE CURRENT 
CONDITION AND ESTIMATED LIFETIME OF HDPE PIPELINES.  
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CONDITION MONITORING (CM) OF 
HDPE PIPELINES 

•  PROVIDES A ‘SHAPSHOT’ OF THE PRESENT CONDITION OF THE PIPES 

•  PROVIDES A BASELINE FOR FURTHER STUDIES 

•  PROVIDES A BASIS FOR ESTIMATION OF RESIDUAL LIFETIME 

•  PROVIDES ‘EARLY WARNING’ FOR PLANNING FOR REPLACEMENT 

•  ALLOWS TRACKING OF ASSET PERFORMANCE 
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MECHANISM OF ADDITIVE LOSS FROM 
HDPE PIPES 
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UV Light 



ANALYTICAL TESTING USED FOR 
CONDITION ASSESSMENT OF HDPE 

PIPES 
•  1.  OXIDATIVE INDICTION TIME (OIT) – TO TRACK LEVEL OF RESIDUAL 

ANTIOXIDANTS AND STABILIZERS 

•  2. CARBONYL INDEX (CI) – TO TRACK LEVEL OF HDPE OXIDATION 
PRODUCTS 

•  3. BEND-BACK TEST (BB) (UNDER 180 DEGREE STRAIN) – TO TRACK 
LOSS OF MECHANICAL PROPERTIES AND ONSET OF EMBRITTLEMENT 

•  4. MELT FLOW RATE (MFR) – TO TRACK CHANGE IN MOLECULAR 
WEIGHT (MW) OF THE HDPE 
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EQUIPMENT USED FOR OIT METHODS 
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TYPICAL OIT SCAN 
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EQUIPMENT USED FOR CARBONYL 
INDEX 
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REFERENCE 1 - UNOXIDIZED HDPE 
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Carbonyl Region 

Internal Reference Peak 



REFERENCE 2 - MODERATELY OXIDIZED 

10 

Carbonyl products 

Internal Reference Peak 



REFERENCE 3 - SEVERELY OXIDIZED HDPE 
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Carbonyl products 

Internal Reference Peak 



BEND BACK TEST AND SCANNING 
ELECTRON MICROSCOPY (SEM) 
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EQUIPMENT USED FOR MELT FLOW RATE 
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CONCEPTUAL SERVICE LIFE OF HDPE 
PIPES 
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S-OIT 
HP-OIT 

CARBONYL 
INDEX 

MELT FLOW 
INDEX 

% 
ELONGATION 

180 DEGREE 
STRAIN 

LIFETIME CURVE FOR POLYOLEFINS 
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WHERE IS THE HDPE PIPE IN ITS SERVICE 
LIFE? 

•  THE TEST RESULTS ALLOW ONE TO DETERMINE WHERE IN THE 
OVERALL LIFETIME CURVE THE LINER IS AT PRESENT. 

•  SEE NEXT FIGURE. 
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EFFECT OF S-OIT AND HP-OIT LEVELS 
ON HDPE FAILURE TIME 

17 From Ewais et al. 2014a  



QUESTIONS THAT CONDITION 
MONITORING CAN ANSWER 

•  HOW MUCH OF THE ANTIOXIDANTS HAVE BEEN DEPLETED SO FAR? 

•  HOW MUCH OF THE STABILIZERS HAVE BEEN DEPLETED SO FAR? 

•  WHAT LEVEL OF SURFACE OXIDATION HAS OCCURRED? 

•  HAVE THE PHYSICAL PROPERTIES BEEN AFFECTED YET? 

•  DO THE MECHANICAL PROPERTIES SHOW GREATER THAN 50% LOSS 
OF INITIAL PROPERTIES? 

•  HAS THE PIPE MATERIAL REACHED ITS ‘END OF LIFE’? 
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RANKING LEVEL OF DEGRADATION 
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Stress 

WATER TREATMENT 
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LIFETIME ASSESSMENT (REL) 
 

•  RESIDUAL ESTIMATED LIFETIME IS IMPORTANT SO 
FACILITY OWNERS CAN TRACK PERFORMANCE OF 
THEIR HDPE PIPELINES AND PLAN FOR 
MAINTENANCE & REPLACEMENT. 

•  EPA IMPLICATIONS FOR CRITICAL CONTAINMENT 

•  ’EARLY WARNING’ OF FAILURE 
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ARRHENIUS  

e.g.  
30 deg.C 
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