Vehicular accidents




Outline

» Analytical tools

e Case studies of car accidents
e Case study 1 : non collision

e Case study 2 : midnight crash
e Case study 3 : collision with pedestrian




Unit conversion

Multiply by

Convert from Convert to
m/s km/h mph
m/s 1 3.6 2.24
km/h 0.278 1 0.62
mph 0.45 1.609 1

http://www.engineeringtoolbox.com/velocity-units-converter-d_1035.html




Analytical tools

e Analytical tools are used to evaluate the accidents.
e The analysis provide the accident reconstruction scenario.
e The analytical tools include

Kinematics

Work — kinetic energy theorem

LLaws of conversation of momentum
Laws of conversation of energy




Basic energy method

e To bring a moving vehicle with a constant speed to a
stop, a work by braking, skidding or crushing has to be
done to reduce the vehicle’s Kinetic energy to zero.

e Skidding is a common way that causes the dissipation
of Kinetic energy of a vehicle.

e The skid mark with some other information can be
used to compute a speed of a vehicle.

http://www.bsharp.org/physics/skidmarks
@ p p.org/phy




g Features of skid marks

e Askid mark is the mark made
by a tire which Is stopped
rolling and slides on the road
surface.

e Different inflation of tires will
lead to different appearances of
the skid marks.

« Conventional marks are generally

often begin and end abruptly.
Skid marks from ABS on the
other hand may follow an
Intermittent  light and dark
pattern.

solid continuous streaks. They

http://forum.e46fanatics.com/showthread.php?t:46189




e .
Features of skid marks

o Different inflation of tyres will lead to different appearances of the skid marks.
» Try to finish the matching game below and give reasons for your choices.

Mormal inflation Under-inflation Orver-inflation

Rapid wear at edges Rapid wear at centre

Tyres’ conditions

Contacts with road
(diagrams showing
vertical sections of
tyres contacting
with road surface)
.’IA".
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Appearances of the

skid marks



https://www.edb.gov.hk/attachment/tc/curriculum-development/major-level-of-edu/gifted/resources_and_support/ForensicSci/Files/L7/5_Lesson_7_worksheets_withAns.doc

Acclident reconstruction

e Case study 1 : non collision

An Investigation of a single vehicle run-off case an
In-depth Study on Road Accidents: Thailand Perspective

By

M B Islam, S Ponboon and N Boontob
Thailand Accident Research Center (TARC)
auiivaaidunaszndlng (Nttp://www.tarc.or.th/)
Asian Institute of Technology (AIT)
THAILAND




http://www.tarc.ait.ac.th/th/index.php
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ySnaluame = 24 m
*USnmiungh ~ 6 M
*Snamatsas & 28 M

e SutlszAnseanuFeamu

(coefficient of friction) usnmes

*ySnaluame =~ 0.84

sushawunan ~ 0.64

@U%nmﬁm%m ~ (0.62
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g Coefficients of friction used for different
surface types

(Kinetic friction)

Surface type Friction coefficient
Dry sealed road 0.85
Wet sealed road 0.75
Dry unsealed road 0.70
Dry shoulder 0.60
Wet shoulder 0.50

Loose gravel road
Hail and sleet (sealed road)
Black ice/smooth wet surface

0.50
0.50
0.10

A standard value for kinetic friction 1s 0.7
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Information given to determine the vehicle speeds at various locations

# Locations Surface Frictional Average Vehicle
material coefficients | skid mark speed
distances before
(m) entering
the
location
1 Highway Asphalt 0.84 24
shoulder
2 Grassy roadside | Grass & mud 0.64 6
R/ Ditch Grass, mud & 0.63 28
stones

In the following calculations, we assume that the braking efficiency of the vehicle
is 100%. We work in reverse from the point of rest to determine the initial speed of
the truck.
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Lockup slipiPeak Friction  Begin Spin-down  Full Speed Rotation

Full, Dark Skid — "Shadow’ Skid —

Spin-dawn Mechanical Delay

~Z-4tenths of a second (fotal time)

G http://www.tarorigin.com/art/Elivesay/
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Stopping distance

. Typical Stopping Distances
- For : an alert driver

e e EOm On : a dry road
Driving : a vehicle with
good brakes

— — S8OKmM/h = - . - ==
Thinking Braking 60 m
(22 m) (38 m)

— — 1O0KkmMih== — S - I .

Thinking Braking 88m
27 m) (60 m)
Distance in Metros

0 10 20 30 40 5 6 70 80 0 100
| ] | f ! E i

Tuwnumwil reaction time Ieuszanaumla?

@ http://www.bstreetsmart.org/Road-Safety/Stopping-Distances/




e Stopping distance

The stopping distance is found by adding the applicable
perception-reaction (or thinking) distance and the applicable
skid mark (or braking) distance.

Stopping distance = thinking distance + braking distance
Total braking distance (m) =

Thinking distance (m) =

Therefore, the stopping distance of the truck (m) =

Reaction time equals mental processing time plus movement time

Racing driver left foot braking: 0.2 — 0.3 seconds
Fully aware of braking point: 0.70 to 0.75 seconds to apply brakes
Unexpected but common signals: 1.25 seconds

Surprise braking event: LS seconds

Source: “How Long Does It Take to Stop?” Methodological Analysis of
Driver Perception-Brake Times (2000).
http://~www.visualexpert.com/Resources/green transportation hf pdf




maﬁ'gﬂmﬂmsﬁﬂm

* anzeNIen TARC asudadeniinadanmsinegia luasaiihauny
® Vehicle factor : ilasnnamwaaseniiin 200m3gua Huualiy
nzvhliiegiamelads
d' -y} < PN 1 < d' ) <)
® Human factor : tifaannmsausaisiiiuninenusinmvue m
Tilaianansativausalaiiaiingiiame

e Road-environment factor : wasnn lvanianuaIades
3N AulasadevaneasIniluame mstvausalinauands
wumatdnaduldlasn




e

The case involves a lady driver (Carol) driving a red car which knocked down a

Case study 2 : midnight crash

™

young male pedestrian (Henry) around midnight at a road junction. The driver was

not injured and passed the alcohol test. However, the pedestrian was hurt badly.
The following sketch was drawn by your colleague 1 hour after the accident:

buas-stop

N
O_
~L 4
& wntness (Sam)

pedestrian lamps

Clotes fibers and blond spatters of Henng

A
point, of impact qDD
v

— — 0 br— —_— —
A]E::;—"( . 0 J,/ Postion of Caral's car

o i hefore ihe accident

:..—H:Um : \ 2 QQ?\ traffic lamps
| ] \ ?.

Running direction of Henry

before the accident



https://www.edb.gov.hk/attachment/tc/curriculum-development/major-level-of-edu/gifted/resources_and_support/ForensicSci/Files/L7/5_Lesson_7_worksheets_withAns.doc

Information provided for reconstruction

-mass of the car and Carol: 1100 kg

-mass of Henry: 60 kg

-speed limit at the location: 50 km/h

- Friction coefficient = 0.7

-point of impact: 28 m from the nearby traffic lamps

-17 m long skid marks from the point of impact

-Henry lay on the ground

-clothes fibers and some blood spatters were found near Henry’s body

-a few street lamps were out of order during the accident

-the manufacturer of Carol’s car claimed that the maximum
acceleration of the car is 2.4 ms

(-




- Testimony A

Carol (the driver, a nurse, 40, mother of 3 kids)

When | was hurrying to the hospital for work that night, | stopped my car
before the red traffic light. The road was dark. After the traffic light turned
green and making sure that the road ahead was clear, | drove across the
road junction. Suddenly, |1 saw a person wearing dark clothes appearing in
front of me. | swear that | couldnt see him until the last moment. | pressed
my horn sharply but he didnt seem to have any response. Everything was
too late and my car knocked him down. | applied the brake immediately to
stop my car. | was so scared that | stayed in my car until the police came.

Henry (the injured person, a salesman, 26, single)

After drinking with my friends, I left the bar around midnight. I intended to
catch the last bus home. The pedestrian lamp was green and flashing when |
was running across the road. Suddenly, without sounding its horn a car at
high speed came to me from my right hand side and knocked me unconscious.

(- y




What Is your verdict? Who is lying?




Acclident reconstruction

e Case study 3: Collision with pedestrian

adapted from The analysis of an accident

by
J S Anslow, Queen Elibeth’s Grammar School,
Blackburn,

LLancashire BB2 6DF, UK, Physics Education. 33,
286-291,1998.
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szazna lumMsnedula (reaction time) dimaglug 0.7 — 1.5 s

(dayann “How long does it take to stop?” Methodological
Analy51s of Driver Perception-Brake Times (2000))
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o Tosndsudrsaniilunsidurasaumiuaniiclassinm 5.32
km/h 895.43 km/h (1.48 m/s 84 1.51 m/s) wazdmsu
augdaUszanm 4.51 km/h 894.75 km/h (1.25 m/s
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http: // en.wikipedia.org/ wiki/ Walking




Pt v o
waagﬂwtﬂulﬂlmmﬂﬂﬁmuqm

S "
=
=

R S &3

: i driver here when he
—— ~ brakes applied here sees pedestrian

; thinking distance
point of impa

pedestrian here
when driver saw hi

pedestrian walks North [

R RS SRR R S S S S N

erb

R B R B R B i B B B B R R O D N R ST oS |

waagUnilanmadululade ansinasnmasduatuumeinang saninly
faiMEnaNauY 59AUHNININIUAT point of impact

(-




