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Where do you start, and end?

Detail Delivers
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Where do you go if it has gone  
wrong?
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Types of Failure

Mechanical

Brittle

Ductile

Fatigue

Creep & Stress Relaxation

Thermal

High / Low Temperatures

Expansion / Contraction

Degradation

Chemical

Chemical Attack

ESC (Environmental stress 
cracking)

Hydrolysis

Environmental

UV Attack

Ozone

Oxidation

Temperature Changes

Acid Rain

Humidity & Moisture

Pollution

Biological



Finding the Origin

Branching
Branches point away from the origin

River Marks
River marks point to the origin

Wallner Lines
Radiate away from the origin like wavebands

Fatigue Striations
Emanate away from the origin

Dispersion Issues
Look for agglomerated material on the 
fracture edge



How to Investigate Failure

Obtain history

Visual examination

Material Analysis

Determine Failure 
Mode & Cause

Corrective Action(s)

Implement

5 Why Analysis

Brainstorming

Follow up

Composition
-FTIR, XRF, TGA

Molecular Structure
-DSC, K-value

Physical Properties
-Mechanical Testing

- Thermo-mechanical tests



5 Why’s Terminology

RCA – Root Cause Analysis

Root Cause – Initiating cause of an effect of interest

Cause and effect – the relationship(s) between events, where 
the 1st event is responsible for the second

5 why’s – An interrogative technique used as part of DMAIC (6 
sigma) methodology to determine the root cause of a defect



Why use 5 Why’s
 It is a very effective technique to find a root cause (or multiple root causes)

 It also determines relationships between different causes of a problem

 It is simple and quick and does not require statistical analysis, etc to use

 Can be used in brainstorming sessions and it is helpful for compiling fishbone 
diagrams

 4 year old children use this technique extensively!

This Photo by Unknown Author is licensed 
under CC BY-SA

https://de.wikipedia.org/wiki/Datei:2yo_daughter.jpg
https://creativecommons.org/licenses/by-sa/3.0/


How to use 5 Why’s

1

Write down the 
specific problem. 
Writing the issue 
helps you formalize 
the problem and 
describe it 
completely. It also 
helps a team focus 
on the same 
problem.

2

Ask Why the 
problem happens 
and write the 
answer down below 
the problem.

3

If the answer you 
just provided 
doesn’t identify the 
root cause of the 
problem that you 
wrote down in Step 
1, ask Why again 
and write that 
answer down.

4

Loop back to step 3 
until the team is in 
agreement that the 
problem’s root 
cause is identified. 
Again, this may 
take fewer or more 
times than five 
Whys

5

Note: 5 Why’s is 
available 
electronically. 
Programs like 
Shopware support 
it. Or you can 
Google “5 why’s 
form” and download 
an Excel version 
online. It’s that 
easy!



Use a form



Conclusion

Obtain history behind the failure
Visual examination can assist in 
determining the origin of a 
fracture

RCA techniques like 5 Why and 
Brainstorming are essential to 
determining the failure cause 
and corrective / preventive 
action(s)

Always follow up on 
implementation to ensure that 
the rectification actions are 
working



Site Investigation Checklist

Installation √
Trenching done as per SANS 2001: DP2

No rocks, sharp objects

Soil conditions (sandy / clay)

Jointing done correctly

Thrust blocks in place, correct size

Backfill and compaction

Gradient of sewer line

Handling √
Offloading practise

Stacking practise

Storage of products

UV protection

Levelled ground

Site Testing √
Gauge units

Equipment condition, leaks

Test procedure / pressure as per SANS 2001:DP2

Test pressure & time correct

Air expelled, slow start up

End caps thrust arrested

Operation √
Pressure within all components’ MOP

Fluid velocity, water hammer counter measures

Start up and shut down procedures

Air valves, non-return, PR valves 



Brittle Failure



Ductile Failure



Fatigue Failure



Expansion / Contraction Failure



Degradation Failure



Chemical Attack



Ultraviolet Attack



Humidity & Moisture



Pollution



Branching



River Marks



Wallner Lines



Fatigue Striations



Dispersion Issues



Temperature
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Understanding failures leads to 
growth and improvement.
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