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FORENSIC ENGINEERING

• What happened? Evidence?

• Why did it happen? Analysis?

• Who was responsible? Basis?

• Who should have done what?

• Opinions/Interrogatories

• Depositions/Reports

• Mediation/Arbitration

• Settlement

• Trial  (Last resort)
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PROGRESSIVE ROLES

REQUIRE GREAT CARE

• Specialist investigator

• Consulting expert

• Expert witness
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FORENSIC ENGINEERING TASKS

• Inspect & document 

• Review evidence

• Measure & test

• Apply theory 

• Analyze & calculate

• Communicate opinions
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INVESTIGATION GUIDELINES

1. Bring all the pieces together again
Case Example: Process Boiler Explosion

2. Question all assumptions
Case Example: Supermarket Bag Stand 

3. Think through the logic
Case Example: Electric Motor Fire

4. Explain the unusual
Case Example: Black Liquor Tank Collapse

5. Demonstrate findings clearly
Case Example: Pressure Washer 
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BRING ALL THE PIECES 

TOGETHER AGAIN!
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4 March 1993, 9:46pm
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6 March 1993, 8:30am
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Boiler went end-over-end through wall of building
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Took everything with it – skid, pumps, pipes and all
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Burner went other way – straight through machines
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GAS BURNER

and

FRONT COVER

• Weighed over 500 Kg 

• Propelled by steam

• Smashed to pieces

• Killed 2 workers

• Injured 11 more

• 2 died in hospital

• Everyone scalded
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• Company in shock – like a family

• Gentle interviews – piecing together the story  

• All loved the boiler – pressure gauge at 120 psi

• Operating normally – no forewarning of explosion 

• Wave of steam, mica and water smashed everything



Typical “3-pass” boiler

1

2

3
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1958 York-Shipley – Installed 1959
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Front cover 

Wind box

Oil burner

Blower

Motor
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1959

PHOTO TAKEN

WHEN BOILER 

INSTALLED

Lightweight wind box 

Oil burner in centre

Air duct on top of blower

Blower mounted on skid

Motor mounted on skid



30 years later – 1988 

New Gas-fired Burner Installed
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New Burner:
• Replaced wind box

• One big assembly

• Cantilever mounted

• On boiler, not skid

• Smaller bolt circle



NEW BURNER ASSEMBLY
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Front Cover Bolt Circle

Wind box 

Bolt Circle

First Pass

Morrison Tube

Second Pass Tubes

Third Pass Tubes
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Morrison tube collapse – Low water?
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Not so fast –

put it back together!
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Reconstruction of 

adapter plate bolting 

at a lab in Texas

Each bolt told its own 

story – during the five 

years each one failed, 

but in a different way!
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BURNER

AS

INSTALLED

BURNER

5 YEARS

LATER
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Last question: 

was the leg 

supported?
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Here is the leg!
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CHECKING 

BURNER LEG 

HEIGHT/SUPPORT

• Flange already cut out 

• Positioning difficult

• Luckily skid all there

• Boiler refitted on skid

• Leg was bent but intact

• Measured accurately

• No support had ever 

been fitted under leg!
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NO BOLTING – NO SUPPORT!
(i.e. Burner was hanging from flange bolts) 
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NEW BOILER INSTALLED
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BUT THAT WAS NOT ALL!
• Aug 1993 – Hales Report submitted to client

Burner installer tendered policy limit, approx $1 million

• Oct 1993 – Lawsuits filed against other companies 
Total claim in range of $8 – 15 million 

• Jul 1994 – Negotiations over Hales file and report 
Client insurance “sold” it to plaintiffs for $41,433.81

• Sep 1994 – Plaintiff lawyers asked to retain Hales
Declined due to conflict and “low-water cutoff” theory

• Mar 1998 – New plaintiff lawyers in Washington DC
Low-water cutoff theory failed at trial – plaintiffs lost  

• May 2001 – New Indiana trial & Hales subpoenaed

New theory “improper inspection” – plaintiffs won

Hales testified at trial, as per report
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QUESTION  ASSUMPTIONS!
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THE FOOD STORE
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where everything is

put into plastic bags



• Supermarket wanted bag stands with 4 rolls

• Went to a fabrication shop with a drawing

• Discussed overall concept and dimensions

• Welded steel construction with hollow base  

• No geometric (or dimensional) tolerances

• Verbal agreement on details and finish

• About 20 delivered and put into service.

PLASTIC BAG DISPENSER
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4-Roll Bag Stand
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HELP!  AMBULANCE!

BAG STAND HIT 3-YR OLD GIRL

Assumption:

She must have pulled it over on herself –

or Grandma must have done something
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Grandma’s cart

Kiwifruit in crate

Grandma

4-roll bag stand 

with 2 rolls on it

Plaintiff -

3-yr old girl

Witness
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Grandma

4-roll bag stand 

with 2 rolls on it

3-yr old girl

(plaintiff)

RELATIVE SIZES
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1
Pull sideways and 

it rocks over centre

2
Let go and 

it rocks back

3
Then it tips right 

over by itself!

2.2º off vertical creates

unique characteristic!



• Welder said he made stands vertical

• Store manager said they looked OK to him

• Weber’s Law: “Just noticeable difference”

• Grandma just pulled until a bag came off

• Child did nothing, but is now brain-injured

• So, who should pay the $2 million claim?

• Lawsuit took 5 years – store + fabricator paid

• Key issue - lack of stability in design

HOW VERTICAL IS VERTICAL?
(when no geometric tolerances are used)
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Now they have a heavy circular stable base!
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THINK THROUGH THE LOGIC!
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Example:

THE DRY-RUNNING BEARING
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fire in a large meat-packing 

refrigeration system



800 Horsepower Electric Motors

Drive End Bearing

Shroud

To Coupling

and 

Compressor
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… all burned up!

© Hales & Gooch Ltd.



Lots of testimony + lots of bits!

Drive End Bearing

Shroud
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Toolkit



Lots of different noises!

© Hales & Gooch Ltd.

First came the rattling …
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so they contacted the manufacturer:
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Then came a surging noise …
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but it wasn’t like a failing bearing:

So what did happen?



Many Expert Opinions!
1
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2



... 

3

4
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5

…

6



8

7

9
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None correct!



Bearing Shroud
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Drive End Shroud

Drive End Shroud

Non-Drive End Shroud
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Drive End Shroud

Gap

Grease Seal
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Cork Seal
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Logic Sequence

Diagram

Managing Engineering Design:

Separate functions – criticality 

Combine functions – economy 

per Pahl & Beitz guidelines 

for Embodiment Design

Grease seal depends

on casing + shroud +

4 bolts + cork washer 

+ spring-loaded plate
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Loose bolts

Noise 1

Rattling shroud

Leaking grease

Hot starved bearing

Noise 2

Dry-running bearing

Red-hot bearing

Ignition of grease trail
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1972 Jaguar E-Type alternator idler pulley 
(mounted on stick and spun by hand – “wow, wow, wow!”)

Attorneys heard it in deposition!

Demonstration of surging noise from dry-running bearing::



Summary

• Lots of parties already had done inspections

• Lots of theories - none explained all evidence

• Lots of testimony on noises - not analyzed

• Lots of bits kept in storage - shrouds ignored

• Noises told the whole story

• Shrouds and bolts provided evidence

• Logic sequence provided explanation

• Case settlement shortly after deposition

© Hales & Gooch Ltd.

Flawed Embodiment Design
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EXPLAIN THE UNUSUAL!
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Example:

ONE SINGLE DATA POINT
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Woomf … and over she goes!
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Plant Problems

Black liquor used as fuel for boilers:

• Hot black liquor by-passing flash tanks

• Flashing steam in storage tank

• Tank not a pressure vessel 

• Rapid corrosion – thickness below min. 

• Stirrer not working – stratified liquid
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Maintenance Approach

• Keep patching until next budget

• Check wall thickness - ultrasonics

• Calculate life on “average” thickness

• Weld patches over failing areas 

Tank gave way:

workers engulfed by hot black liquor
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Top half fell into bottom half
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Torn off all the way around
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Cut it all up!
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Wow, look at that!

Wall thickness corroded from 0.500" to 0.020" here!!
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Hey, look at that!
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Investigation of Cause

• Plaintiff focused on thickness measurements

• Metallurgical samples taken as evidence

But, analysis of measurements showed:

• Plant did not analyze data in detail

• “Averaging” calculations not to API Standard 

• Data showed consistent pattern

• Pattern showed accelerating corrosion
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Analysis of Evidence

• Accident reports

• Tank drawings

• Photographs 

• Pressure transducer data

• Wall thickness measurements

• Demolition map

• Deposition transcripts
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Analysis of Data

• Black liquor flow history – pressure transducer

• Rapid swings in flow rate – pressure transducer

• Flows during tank failure – pressure transducer

• Mass and energy balance – pressure transducer

• API Standard 650 compliance – wall thickness

• API Standard 653 compliance – wall thickness 

• Calculations of stress in wall – wall thickness 
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Liquid Level in Tank

45.6 ft. just before failure

37.4 ft. 3hrs before
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Pressure Transducer Data 

During and After Failure

18.5 ft. after failure

“Pegged” at 60 ft.

What’s this?!
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PRESSURE 

TRANSDUCER 

DATA

9.946     18.56

The Key!
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Show tank filling to 45.6 ft

then a sudden drop to 18.56 ft 

followed by a max spike to 60 ft

Pressure transducer operating 

correctly - confirmed by data on

liquid level in tank after failure. 



Results of Analysis

• Tank did not fail from overpressure

• Three unusual things identified:

– Black liquor in tank at time was superheated

– Rapid pressure drop followed by pressure spike 

– Pressure trace matched time constant of event
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WAS IT A “BLEVE”?
(Boiling Liquid Expanding Vapor Explosion)

Characteristics of a BLEVE:

• Confined liquid in tank engulfed by fire

• Liquid gets superheated and pressure rises

• Pressure relief too slow to match increase 

• Tank weakened by heat, can’t take pressure

• First failure in tank sets off “rarefaction wave”

• Instant vaporization of superheated liquid 

• Instant pressure spike and shock wave  

• Explosion!
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REVIEW OF 

REPORTED 

RESEARCH 

DATA
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1

SUPERHEATED 

LIQUID

2

PRESSURE DROP, 

THEN SPIKE
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What we have here:



3

SHORT TIME

CONSTANT

© Hales & Gooch Ltd.



CAUSE OF FAILURE
Boiling Liquid Expanding Vapor Induced Shock *

(BLEVIS)

* New term, coined to describe phenomenon
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BLEVIS
(Boiling Liquid Expanding Vapor Induced Shock)

Characteristics identified:

• Liquid enters tank at fast rate and boiling

• Superheated liquid trapped in tank

• Tank weakened from corrosion, not from heat

• First failure in tank initiates “rarefaction wave”

• Boiling causes instant vaporization, pressure rise and 

shock wave

• Tank collapses immediately, without explosion.

© Hales & Gooch Ltd.



Supporting Evidence

• Meets the 3 criteria for this type of failure:

– Liquid above boiling point in confined space

– Triggering event with shock wave

– Weakened structure unable to take shock load

• Big leak just prior to failure      slower fill rate

• Defined pattern of liquor on roof

• Tank collapsed inwards first, not outwards

• Failure of anchor bolts and agitator drive

• No eye witnesses (rapid time-constant)
© Hales & Gooch Ltd.



Summary

• Claim of poor measurements proved false

• Plant side-stepped warnings given by data

• High risk operation dependent on failing tank

• Thickness issues switched to process issues

• Single data point was key to what happened

• Metallurgical analysis irrelevant 

• Case settled after presentation to attorneys
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DEMONSTRATE IT CLEARLY!
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Example:

THE HIGH PRESSURE WASHER
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LAB TECHNICIAN LOSES EYE
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• Water/Sewage Company - Indiana

• New pressure washer – 3700psi

• Operator using it to clean clarifiers

• Turned off and put in back of truck 

• Driver went to unload at building

• Asked lab technician to help

• She helped him lift unit out of truck

• Spray gun shot her in the eye



THE ACCIDENT - Plaintiff
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“When we set it down, there is a hose 

attached to the unit that goes to the wand, 

the machine was not on, the machine was not 

hooked up to any hydrant.  It was just by 

itself.  And as I was starting to stand up, the 

wand - -the hose was beneath my feet, and I 

was still bent over and Jimmy was still bent 

over.  And to get out of my way, he moved 

the wand and the next thing I know it fired.  

I didn’t see anything.  It just went off.”



THE ACCIDENT - Driver
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“We were pulling it out of the back of the 

tailgate.  We set it down, the wand had fallen off.  

I went to pick it up, and when I picked it up, I 

picked it up by the handle, and boom, it just went 

off and got her right above the eye.”

Question: “How high did you lift it off the ground 

before water discharged?”

Answer: “I want to say maybe two or three feet 

maybe.”
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Question: “And in what direction at that point was the 

nozzle end, the end that the water comes out of, of the 

wand facing?”

Answer: “Away from me.   It was up towards the air.”

Question: “At the time the incident happened, you had 

gotten the wand two or three feet above the ground?”

Answer: “Well, the back part, yes.  The handle part.”

Question: “So you’re talking about it being oriented in 

an upward pointing way?”

Answer: “Yes.”



THE ACCIDENT - Manufacturer
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Question: “When our pressure washer, when it is 

operated and then the engine’s shut off and the 

water hose disconnected, there remains residual 

pressure, until you squeeze the trigger?

Answer: “Yeah.  Until you purge the gun, there is 

trapped pressure in the hose, correct.”

Question: “If you had a flow-actuated unloader that 

would not be the case though, would it?”

Answer: “That’s correct.”   
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MANUFACTURER’S DESIGN PROCESS

• Structured on series of design reviews

• Specialty items purchased complete

• Use of industry-proven components  

• Prototype testing against specification

• Testing to meet applicable standards

• Records kept on all testing

• Flow-actuated unloaders found unreliable

GOOD, BUT PLAINTIFF’S EXPERT OPINION:

“Should have had a flow-actuated unloader”
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• 4lbs to squeeze trigger without water pressure or pump

• 5lbs to squeeze trigger with water pressure on but no pump

• 25lbs to squeeze trigger when operating with water & pump

• 25lbs to squeeze trigger first time pulled after motor shut off

• 4lbs again once water pressure released from hose when off

TRIGGER TESTS WITH POWER OFF

INSPECTION OF 

EXEMPLAR UNIT
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SQUIRTING TESTS WITH POWER OFF

1. Machine operating under full pressure

2. Machine shut off

3. Nozzle inserted into container

4. Squeeze trigger to release pressure

5. Measure volume of water released

Results: 56ml = 3.42 cu. ins.
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HOSE TESTS WITH POWER OFF

• High pressure hose – heavy duty wall thickness

• Difficult to coil even with pressure off – “springs back”

• Lot easier to coil when disconnected from machine & gun

• When pressurized near impossible to coil on hooks 

• Hose twists to form “figure-of-eight” when pressurized

• Hose has to be rotated to continue coiling

• Easiest way to overcome problem is to squeeze trigger

• When pressure released then much easier to coil
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INSPECTION OF ARTIFACT UNIT
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HOSE & GUN

Spray Gun — Controls 

the application of water 

onto cleaning surface 

with trigger device. 

Includes safety latch.

High Pressure Hose —

Connect one end to the 

water pump and the other 

end to the spray gun.
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SAFETY HIERARCHY

1. Eliminate the hazard and/or risk

2. Apply safeguarding technology

3. Use warning signs

4. Train and instruct

5. Prescribe personal protection

© Hales & Gooch Ltd.

ENGINEERING DESIGN PROCESS:



SAFETY HIERARCHY – LEVEL 1
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• Hose twists up and can’t be coiled under pressure 

• Gun points to ground when picked up by handle

• Trigger guard prevents hitting trigger

• Trigger hard to squeeze when hose pressurized

• Additional force required to point gun upwards

Eliminated hazard and/or risk by design?

CHECK ON PRESSURE WASHER DESIGN:
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CENTER OF GRAVITY – GUN + HOSE
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SAFETY HIERARCHY – LEVEL 2

Applied safeguarding technology?

• Trigger guard geometry protects trigger

• Trigger lock placed in natural position

• Projections on lock assist easy use

• Over-center geometry with detent action

• Hose couplings locked when pressurized

CHECK ON PRESSURE WASHER DESIGN:
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TRIGGER LOCK – STOWED POSITION
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TRIGGER LOCK – USING PROJECTIONS
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TRIGGER LOCK – LOCKED POSITION



SAFETY HIERARCHY – LEVEL 3
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Warnings provided?

• Hose won’t coil when pressurized

• Spray gun won’t stay in hooks when pressurized

• Hose connections locked when pressurized

• First notice on box is “3700psi”!

• Hose couplings locked when pressurized

• Warning tag on machine

• Embossed warning on the handle of the gun 

CHECK ON PRESSURE WASHER DESIGN:
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WARNING 

TAG ON 

MACHINE



WARNING TAG ON MACHINE
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SAFETY HIERARCHY – LEVEL 4
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Training and Instruction?

• Warning on gun tells operator to read manual

• Manual instructs operator to read manual!

• Manual instructs use of trigger to release pressure

• Warns user never to aim spray gun at people

• It adds a caution regarding the trigger lock

• Relieve pressure in hose after turning off engine

• Trigger must be squeezed to relieve pressure

• etc., etc.

CHECK ON PRESSURE WASHER DESIGN:
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MANUAL – Instructions & Warnings



SAFETY HIERARCHY – LEVEL 5
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Personal Protection Equipment?

•Goggles supplied with machine

•Manual recommends wearing goggles 

CHECK ON PRESSURE WASHER DESIGN:



PRESSURE WASHER DESIGN
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Company hardly realized it but in fact 
design followed Safety Hierarchy:

• Eliminate hazard and/or risk by design

• Apply safeguarding technology

• Provide warnings

• Train and instruct

• Prescribe personal protection

Case settled quickly

as design not at fault



FORENSIC INVESTIGATION 

GUIDELINES

1. Bring all the bits together again

2. Question all assumptions

3. Think through the logic

4. Explain the unusual

5. Demonstrate findings clearly
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