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BUT WHAT ABOUT THE PHYSICAL EFFECTS?



Topics

• Zoom in on HSBO-related Health 
issues
• Zoom out on Force Health 

Protection in general
• Some conclusions and

recommendations
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High Speed Boat Operations.
Biggest Health Risks?
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Occupational
Health Risks
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PHYSICAL EFFECTS BY…..

vWhole Body Vibrations (WBV)

vRepeated shocks (RS):

Ø Vertical forces (upto 15 g, depending on type of boat, type of 
suspension-seats, sea state, speed, etc)

Ø Forward- and backward forces (possibly one of the most 
common causes of lower back problems)

Ø Lateral forces (most difficult to compensate by body posture) 
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RELEVANT FACTORS OF EFFECTS OF VIBRATIONS & SHOCKS 
v Caused by contact between vibrating platform and it’s human passengers

v 4 characteristics :
Ø Strength / intensity
Ø Frequency
Ø Direction of forces x, y, z
Ø Characteristics of the vibrations

vDuration of Exposure

vVulnerability of humans can vary
Ø Physical fitness and (Core) muscle strength
Ø Body posture

vOther factors:
Ø Cold
Ø Pre-existing fatigue
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PHYSICAL EFFECTS

jacob@boreelmedicalconsultancy.com 9



MEASUREMENT OF DECELERATIONS!

7 g measured
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So how do various factors relate to the 
incidence of injury?

WIND & WATER
(waves & tidal current)

BOAT

Risk factors
(fatigue, physical 

condition, medical 
history)

Physical load

CREW

dose = Force + Duration

response
= pain + injury

dose-
response-
relation



POTENTIAL HARMFUL EFFECTS OF 
VIBRATIONS AND DECELERATIONS ON 

HUMAN BODY
• Nervous system, muscles, skeleton and urinary tract
• Head/neck/shoulder, back, knees, ankle, central 

nervous system, bladder/kidneys/prostate/genitalia, 
the hearing
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Intervertebral discs



DUTCH HSBs

RHIB 2000D (Dutch Navy RHIB)

FRISC (Fast Raiding Interception and Special-Forces Craft ; 

Dutch Marines)
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• RS and WBV mitigating Means & Cockpit Management 
Systems? 

• Suspension Jockey Seats

• Suspension hull systems

INTERVENTIONS & SOLUTIONS
(Technical)



• Better knowledge on DO’s and DON’Ts when operating HSBs and better
training of crewmembers!

• Better, wiser and more optimal (BUT SAFE!) usage of the boat’s
“envelopes” (Speed regulations combined with various sea states, angles
of waves, wind direction, etc)

• Better physical training for crewmembers and better usage of “work-
time” versus recuperation periods

• Better information and briefing to incidental “passengers”

• CAVEAT: MAN is the limiting factor, NOT MACHINES!
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INTERVENTIONS & SOLUTIONS
(Human Factors)



LONGER TERM WAY AHEAD

Increasing technical and medical know-how:

v Research/ advices from National and International research initiatives (eg 
Dutch TNO (2014-2016), other multinational studies) and International) 
Cooperation between universities and organisations

vCooperation between Navies and other Civilian agencies and stakeholdedrs

v Research into and setting (International) guidelines and norms on 
maximum acceptable WBV / RS 

v Further develop technical improvements on HSBs

v Setting up programs to monitor the health of crews
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SOME CONCLUSIONS
vRS/WBV is an international issue!

v Specific training and continuous health monitoring are 
essential elements in in prevention of harmful effects 
ofRS/WBV

vNew (legislative) guidelines for the maritime world should be 
developed 

vCoalition partners are still in a learning process

vCAVEAT: MAN is the limiting factor, NOT MACHINES!
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High Speed Boat Operations.
Biggest Health Risks?

Occupational
Health Risks

for HSBO

Infectious
Diseases

Health Risks
for HSBO

Tropical
Diseases

Health Risks
for HSBO

Thermal & 
Climatic

Health Risks
for HSBO

Environment
al Health 
Risks for

HSBO Food & 
Water borne

Diseases
Health Risks

for HSBO

Diarrheal
Disease

Health Risks
for HSBO
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IMPACT ON OPERATIONS 
BY INFECTIOUS DISEASES

, CLIMATE-FACTORS & 
OTHER HEALTH FACTORSMALARIA

TYPHUS

DIARRHOEAL DISEASES

LEISHMANIASIS
CBRN

COLD INJURIESHEAT IN
JURIES

ARBO-VIRUSSEs
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DISEASE NON BATTLE INJURIES (DNBI)



The Charge of the Light Brigade. Crimean War, 1854

Proper Planning Prevents P… Poor Performance!

Failed military planning:
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The Battle of Arnhem-17/25 sep 1944  A failed’ attempt to take Arnhem by air assault in order to facilitate the further advance towards
Germany. Due to extreme short time for a proper planning phase (several days), intelligence about German Panzer-SS troops was 
completely overlooked, for which reason the German troop strength in and nearby Arnhem was underestimated. The operation was a 
complete failure which led to hasty retreat of Allied Forces, severe losses and a significant delay of the advance towards Germany.

Proper Planning Prevents P… Poor Performance!

Failed military planning:
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Proper Medical Planning Prevents P… Poor Performance as well!

After conquering the Persians, capturing the entire coastline of the eastern Mediterranean, Syria, Phoenicia, 
Arabia, and Egypt, Alexander had set out to subjugate the earth. But just as he was to depart with his army in 
early June 323 B.C., he contracted a fever and the voyage was postponed. At first the thirty-three-year-old 
general regarded his illness as nothing more than a temporary setback. But Alexander continued to deteriorate 
until he lapsed into a deep coma and died. Malaria, by striking Alexander, had altered the course of history. 
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Proper Medical Planning Prevents P… Poor Performance as well!May 1943: “This will be a long war, if for every division I 
have facing the enemy, I must count on a second division 
in the hospital with malaria and a third division 
convalescing from this debilitating disease”
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http://ullmandynamics.com/human-impact-exposure-on-fast-boats
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https://magazines.marinelink.com/Magazines/MaritimeReporter/20130
9/content/mitigation-shock-vibration-211540



Boreel Medical Consultancy
Healthy People, Healthy Companies
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