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Advanced Accident Reconstruction

Lesson OQutline

Lasson Ne. 1, Introduction

Presented by: Kenneth L. Campbel}
Thomas L. McDole
Highway Safety Research Institute

Description: - i

The introduction to the course. Presented will be the over-
all course organization, course objectives, lesson schedule, and
calendar, distribution of lesson material, other course
organizational information, and an overview of Accident Reconstruc-
tion.

Topics:

Welcome - T. McDole

Course Organization

Course Materials

Announcements

Word from Washington - S. Lee
Course Introduction - K. Campbel]l
Course Objectives

Overview of Accident Recorstruction

NOTES



Advgnced Accident Reconstruction

Lesson Qutiine

Lesscn No. 2, Review Exercises

Presented by: Thomas L. McDole

Description:

A review of the prs-course student mathematical exercises.
The graded exercises will be returned to the student and problem
areas will be discussed. The solutions to the problems will be
bresented and student’s guestions answered.
Topics:

Discussion of the graded pre-course exercises.

NCTES
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PREFACE

This Student Notebook is Volume II of the training materials
for a course in accident reconstruction developed for investigators
in the National Accident Sampling System (NASS). Volume I is a
Reference Manula and Volume III is an Instructor's Manual. The
material in this volume is supplementary information which was
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Included are the lesson schedule and copies of various noté; which
the lecturers provided during the classroom sessions. Also
included are a set of pre-course exercises which were reviewed
during the first class period. '

The course was conducted for senjor NASS investigators in
May of 1879. A course evaluation was reported separately
(Report No. UM-HSRI-78-81).
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PREFACE

This Instructor's Manual is Volume III of the training
materials developed by the staff of The University of Michigan's
Highway Safety Research Institute for investigators in the National
Highway Traffic Safety Administration (NHTSA} National Accident
Sampling System (NASS). VoTume I is a Reference Manual and Volume
IT is a Student Notebook. This volume contains lesson outlines.

The course was conducted for senior NASS investigators in

May 1979. A course evaluation was reported separately (Report No.
UM-HSRI-79-81).



Advanced Accident Investigatien

student Review and Study Exercises

mo the Student:

veu should study the following exercises prior to attending
+he course on Advenced Accident Reconstructicn. The problems
are representgtive of the types of computaticnal and geometric
construction problems you will encounter in the class.

By completing these exercises, you will have the opportunity
to practice your computational skills and +hus be prepared to
participate in the classroom exercises and discussions.

You will need the following items O complete these exercises.

vou will also be expected to bring these items tO the course.

. Slide~Rule~Level electronic calculator
. Encineer's or Architect's scale

., Straicht edge

1
2
3
4, Protractor
5. Compass
6. Dividers
7

. Pencil

211 computations ané solutions are to be completed in this
exercise booklet. Show all steps and constructions. II

additional space is needed, use the back of the preceding page.



Part I -m Computat

A. Using vour calculator.

ion Exercises:

Solve these Problems, ang

where appreprizate, round off the answer to 3

decimal places.

Z
Loents gy oo iy
2o 18-10+3x35 = 9,0, (2x35) = v o = /3
3. 367 : 12 = SeX3/MR: 113,497, 9. Y2
N ES —_—

4. (3x12) + (9x(-19)) 3¢ £C-rm) - a8 S35 S e

32 + :’zg x 4 32+ (naSxy)  3a+o 37 _—
5.018 - V32,5 ¢ "8l L o265 e

108 o€ Y. A
- . —

6. /8 - (5% . £-as - \'8’-?.33 d \"-.33 = Undedined

D

(tan 30° + g,25)2

RES ¢
Y cors (e ad)’ (e227)", .
R %3 (293
AL90L = /I8 2/ y3.38/
.92
8.25 x 107 + 4,13 x 10° = €25 vt | ooz
————— F S22 = G gy
31 % 0€ 413
2 2 : —
(&)" + (" =V 34+ g _ _
Y 7 =f85 = 922




(=

1l6.

17.

8.

(V8

L2
(L]
i
18
i

- x 100 m__“/l %160= ~ 267 x200 = 2€,7

45 1,7/ L —

Convert 3/8 to its decimal egquivalent _§_ = . 375
8

3% 23% = 3Ix.25 = .74
Fractions. Solve the foilowinq and show your calculations.
.3:..3;..,..3..=__/_}.'+_§_-/7-/..'.

4 1l {

— e S }o

eI 5 =

k] .

2 -2 Lo ocwy L3,k

8§ 32 Fx Ia oFR 9=
1% < %’= -:Z 1.§ = :Z Y -~ = 7 . /,L
16 3 2 3 -z Iz

g 3 _

1“5’{8“75*%:_3.
10

Solve the following ecuations. Substituate the values
where given. Use your calculator where aprropriate Show
the units for the answer.

C2 = 22 4 B2

Ci= [+ B*
BL

Sclve for B

- A* =

CLAar = 0




20.

22.

- = 1 M, M, \ > ! 785Lﬁs ¥ /Dﬁs (
=72\, -z 22 "*/Sec-

795h44 e io;éuﬁé

golve for L where proa /
M, = 78 slugs . | L£L¢C Siues -
M, = 108 slugs ""EL (-—-———“"’_"‘"—jg,? < : ot "D&/Sa.b:'
v = 25 £¢ /gec Slwgs

- '3 (%‘.%5' 5f&~9">é;‘5;1/5«-”

- H;;,o?,é*«.?g §lws e =

— DR

D=VT

e "

=) solve For V given:

e B - jof i :
m = 90 m;nutes GO S

r)  Give ~nhe valueé az V in miles per hour

LIk g 4o o 66660 ™ fpor

o | homt ARSI Lot
°F = geC <+ 32 .
z G % = SF-3%
) <
solve £CrT sc where % = ;E C.;,”3.>
o = B3 degrees g
- S‘ (' - —5-<f1>— &,
""--7- (C?v 3"-)"-5 -~ -y 2?‘7/‘7//
——
cF = VZ g gl 4 pose
> ce mex? PO

gplve £cr CT where

Mt <R
pon won
4
w
‘,..J
e}
0
‘J
ot
v
=
&
!
w
!
o
o
4
LF1]
o
O
0
[
B

Given

Coﬁversion £3CT0OTS 1 ib. =0.454 KG-+ 60 mph = gy £t/5€C-¢
1 £ocot = 30.48 cW



So/‘, Py -&r #.'2.2_

f‘> 64&76 of UM;'{J

1905068 ks « | LL

= H/FC 229 Lb (L/ozozv*ﬁ)
IL/J-‘"/ /<5

IAg.0/é Ma[erg x Joo C’y x : £¢ = Y20 o+

125 weh o Lo
o %do ¥ (s

Xz Y747 B,

‘L

- 2
S r 22 Flea X yao §£7

of

&/ 9(.227 L4 X a7, (7,-20;? %zdeca"t
- STF Y -C-:‘%“-Z-

725 63)  th £/ o
13450 frfop v

= 709.Y9¢ L{ (7/0€13'{;&)




D. Bolve these equations by factoring, i.e., cbtain the roots.

23, ¥° - 4 = 0

&% -2)(¥+ay: 0

X-Ak=o _ Lo
F oz T -
e e ———

24. X° + 10X + 16 = O

25, 3 %x° =8
A

26. 3 _ 11 -
z =5 IIX_-3>U3
IHx = 39
Xz 3.85Y8
27. ax + by + c =0 8x= '-_-199-&

ax = = (bgvc)
Az —(bytc)

. Solve for x and vy where: Q-
28. X+ y~-1 =20 ...3,4.,_37-}-3:0
and 3X + 7y - 35 = 0 2% +74y=34=0
Yy ~3a =0
g =32
5 = &
v +E =~ =0
¥ +7%=0

X = ~7
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JOX =15 g = €9
-/0 X --‘/(-/:(/é

3i.

32.

Solve

Nl =

Nz € x5 xYx3xa xi =

Given that AR = -32.32

give the value of

|AB] = 32.2

|AB

r
H

b

where N = §

720

29 2X - 3y = 12
ané 35X + 2y +°8 0 -/ G gz 76
g=
ax -3(-w)=z/2
AXAH /IR &
A aX =&
G. Miscellazneous problems X = &
30. Solve for x where: n e
1l ; 3.2
|
n=N 2 | 6.5
X = Z X 3 f 1.7
. p=1 t B0
N 5 ﬁ 0.5
3A+LE 41 T+80+ 05 +3.2 +3.0 - 36/ . 39297 { s o



Part 11 Geometric Constructicn, Coordinates and Plots,
Trigonometry, and Vectors

A. Measuring

Using a scale and straight edge, construct the following line
segments. Place a "|" at the beginning and end of each segmentx

Example: 1 in = p————

2. 2 7/16 in. . |

3. 1.125 in. { :

4, 16'~10" using a scale of 1/4" = 1'-0"

4 4
i t

5. 11/32 in.

B. Geometric Construction

&. Using a compass and stralught edge, bisect this line segment.

e




-

10. The sum of angles z + b eguals S &0 g

- -

— - -

11. Using a protractecr, strzight edge and scale, cons+truct
& right triangle whose legs are 2" and 4" long.




(A

Using & coempass, straight\edge zand :
isosceles triancgle whose vertex is 45°¢
"

Ltong.

Given the following circﬁibi

x¥ arc, locate its center using
a compass and straight edggf\
1




[
ey
.

\
a;

c)

Using & compass, straight edge, and scale:

construct a circle with a radius of 2"

at any point on the circle, ceonstruct a tangent
to the circle,using only a straight edge and compass.

using the formula C = 2 rr, calculate the circumierence
of the circle. '

- ;77'(.1:») = YT = Y X 3L e

= /3. 56¢ in

using the formulia A = rd , calculate the azreaz of
the circle - 4

A

Tr’ql z_)Lere o= arF: aAx2 x4
w/

D
1
=
e
o
v e

T levz ) 2.566 n”
a/
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C. Coordina+tes and Plots

13. On the attached rectangular cocrdinate paper,censtruct a
set of cartesian cocordinates such that:

a) the intersection of the axes is in the approximate

center of the page. Label the horizontal axis as
the % axis and the vertical axis as the y axis.

b} Label the axes with a scale such that eact larqe division
of the paper represents 1 unit.

c) Plot the following pairs of points.

X Yy
-2.5 ~3.0
-2.0 «1.0
-1.0 -0.5

0.0 | +C.5
+1.0 2.5

3.0 3.0

2.3 3.0

4.5 5.5

3.5 7.0

3.0 8.0

4.5 9.0

5.0 8.0

&) sketch in the line that represents the best fit
through the peints. (Don't play dot to dot).
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[
o

The followinge eguation defines & line. Plot the line on
the coordinate paper below and complete the table
showing the points vou used to plot the line. Label the
axes and sczles.

3x + 6y + 18 = 0 x v
2(0) +bg =-18 |3
3 s - i& . _é o
%1‘3
32X+ é(ﬁv""?
3 xz -8
Yz =6
vl | l
e | | 1
5 |
; | |
! 2
! ; 3 ‘ i i
| e i
| , i
o |
e O P N A A g
TN TR i
L | l
I S 1=%
| 5 LN |

1
L




17. The fcllowing pairs of ecuaticns represent lines tha+ lie

n the same plane. 3By soclving the simultaneous

*J.

equaticns in (z) below, determine the pecint at which lines

one and two ilntersect. Also determine the slcpe ¢f each

'_l

ine. Repeat for lines 3 and 4, c;«,:+£7 VYo

(&) line #1 X + 3y - 12 =0 - _a

a ¥ ;) S/cf’4 - b
line #2 X +y + 12 =20

D TW‘)L&(.;:(:I[,‘N

. !
Ix+Gy -~ 360 Lwit, miz-o
gud, X+ ¢ #12Z°
€y -yE: O e
9«:‘

X + 3(6) ~ld =0
X+ JE-iEFC
¥ 46 =0
X ==
itevsadion (¥, 5): (6, 8)
(b} line $3 2+ I = LU =0

line #4 2 x + 4y - 20 = 0

oe 'lLdv..s a_:!‘: oV

A% +qy -~ N0

1
V]

2

M

Subt. d¥ 4 dy -~ w0 : moem, e -
e v O b
: - . !
g:ﬁdk Av & "LE‘ LA w @ l‘.v\& . - - ‘:;' - "“‘-3-—



Trigcnometry

In the right triangle A3C,

A

a) calculate the lencth of side
verify your answer.

b} using the formula w=tan {%%)‘
cf ancle CAR

the tangent {a)

o T-B«\ fe sty L6 25
2 A48 2.5

¢) calculate the sine cf angle ACB

d} calecwlate the cosine of angle &

G 2

Ae 2.98 A
n this triangle side C = 60 in.

Cos & =

b

i

in

1]

id

~

&

(@]

:;wt

AC.

T
™
i1
et
L'
1Y)
&y
.1_
X
[
~t
e

R
[
[
OQ
d‘\
~

AC= 2.983"
Measure side AC to
calculate
2
7:-*\ LS00 = 33 .04

What iz the length of

sinw A
. <
Sin 30T A
20
60 Sin 3o A

A 62 C"S‘>: 30”




L5

20. Side A = 10 inches, side C = 2.5 fee<x. What is the value
of angle 2z in degrees? in radians?
Cos & = .’i
' c
C 55"
B Cos oz _&;5 z .33
@
L ¥ & = 70.731
Q }0 H
[ - Rk . 4238
. - B - 4 ~
rcdias 2§95, 258° S ST o 95y
2l. Express these angles in degrees
; - re 255655
a) LY 5(3,144-) . Xy - 7'5«:’-: Lo 7.835 v » F7. 200 )
3 - K 3 ) .z 30"
*
B) 3.5 | as6.038°
- A -]
<) -Z% 23445 = 2o
a) -2.2F) o aypqwat
22. Express these angles in radians
a) 30 I r - N ST A58 R = de '1:.53‘7’
$7.285° T T :

b) 185° 3 229%
e} 420° 7.33¢”

e ———
e e,
A

&) -133° . 2708

* (r} = Radians
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o

23. (DC {Collision Damage Classification) direction of
rincipal force (PDOF) is usually espressed in terms
cf a ciock directiocn.

t &
fq\sswb\z /& cc/ou( 2 O

coc Angle in
1l o'clock %%X Jéo 2a30° degrees
9 o'clock a0 “.7{ radians
12 o'cleock o’ o radians
4 o'clock Y ya340z 20" R09Y R et B i e
IS miilirediind

b} Given the angle, convert it %o the nearest clock direction

Angle CDhC Clock Number
4ng-e . _ :
35 fax . /2335 547 } o'clock

gge 98¢ ¢« /i Jwa0'clock
283¢° $6. 43 9 o'clock
24. In triangle ABC, side 2 = 3, side b = 2.5 and angle ¢ =

122°. PFind the value of side c.

chate bt - 2abcaf
Cts @z-ﬁ{f'f}l" &(3){2.3> Cor 13%°

s G o L5 ,5.'(-,4.59)

c

%

c

c ST < (- 0353
1

Z

- - -
< JQ . 8+ 10030

-

- F- A

3
¢+ §.eaf

1

. Polar Coocrdinates

A hunter leazves his base camp and walks south feor 1 mile.

[ ]
(%)}

ct

He turns east and proceeds for 1.5 miles. . At this poin
he shcots a bear and returns to camp by walking I mile

nor+h. What color was the bear? /
white—



X7

26. Using the attached Poler Toordinate paper plot the
following vectors:

& r (magnitude) scale

30° 100% 1 division = 103
45¢ 300+ 1 division = 30%
18¢ge -32 l édivieion =
260° 12 1 éivisien =

g0° -100 1l divisicn = 5

*Measured clockwise from (°
F. Vectors

=
Q
v
£
’11
8
+
1]
I

h ol the following problems, make a sketch or scale
before attempting the solution.

nl
I
113
5
o
H}y 0

27. A force of 125% acts at an angle of 30° CCW to “he horizontal.
Resolve this force into its x and y components by (1)

geometric construction and (2) computation.

§cale 1z 109

7
X = IE 'j-_j.z.x/aa = /06::#:

r
|
i
|
!
]
|
!
i
i
i
i

z
@ Lz Fcose = ;23 (ces 30°): /2-5'(‘%‘0; 08,28

- X
: *) = ¢ (S5) £4.48
7"” Sin - = /3__{'(5‘.\,393 PPN ( )

-
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Note: 21l angles are measured counter c¢lockwise (CCW) from

the % axis {(horizontzl) unless otherwise stated.

28. A force of 60% acts at an angle of 42° CCW to the x-axis
with 2 second force cf 853#%# acting at an angle of 318B° CCw

to the X-axis. What 1s the resultant force and angle?
LCes€, = 6O cosyr T CO(IY) T YLEG

X., -
' Yt ~r&imé = 605‘..«?1‘65(,572* ye 18
] 'éo‘& -7 Ay ow heosEy 2 &8 cos-vy = 65 (T 2 €37
| e
i - IY 2 rgiw &s 2 £5 Sin.wz sz 5”-((~,¢7)-.'.5"¢.ey
| /,//
ey K, 2 X+ Ry 2 gysSe (3477 107.7¢
N s -
By c -vad We P17 Y G wo IS - SCEEE 216 T3
FNPe ¢
\\‘. —_"—_‘....———-"—“—_——._;
. A ;

. , ” e
s re V)t 4y - Joroe) + (6™
o
- * \N§gsZl = 10%.08

faﬂéz i"_ - "147.3: ./C
e 67.%

) — °
‘é‘ ;‘,I.g‘? ‘;'—3‘:',"1

29. Add the following vectors:

< -y
al 10% € 30° CCW + 35% £ 45° CCwW

’ 1 T Reese, = 10 L o530 = g.‘é' —7 T / ol 2 9.75)1-
B v - SN CORMPALIN (A

L C Xr = 33.9/ -

l = ‘1"% 7‘f

. LTI v, Siw %, L IO i€ v ‘30‘- ay-1%

_ i . Yin v siné 2 35 Sonod o478 T,;,,-s.:j_:'; 2?75-, LE9 & o YiIéE
o Yr + 29785 + ®roo33.H!
3 by 180#% & 15° CCW + (=63%) % 75° CCW ' o
I/ o M ENEes® s jE0 cos 152 17587 s YQ-? 7.03) " (~16.20)% = /35788
Y gy T eSO T g5 cot 3 o=l beEd —————
L/’ X1ir oo o Jxr—__‘.sj.a: '
3° ! Yz by Sin @, T HE0 Sin T E YOSy R L LI e
er® ‘ by z Fa S B N6 Sin v.;y::fi.:z v (5708 or 354.
- c) 36% @U185° cCW + 21# 86265° CCW =
PR
Yy e 0SS, 3L COSIES 2 3¢ (=.950) 2 35 L v ;\@1;;}’} (- 34.05)
Yotk Coso, = &/ CoS 268 5 gy (. 057z « 1. &2
R -2l
- weeaney 2 YT/
Qﬁgzzzﬂ“— LR ER T T S D TR TR
s ( 51=r>9nox=3’5maéd=2K~9ﬂ)=;ifizb TM€-=9v=_:£hﬁfz 63
Yr :‘Q‘f.o-* -.:—r- '37.69

[
.g - 32.\5'.'..(?‘0‘& 2.,’2-\54
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G
S c G
\ 30. Subtract the vector 100# & 50° CCW from 350% € 95° CCw.
\t‘ Fz = M Colddy = 250 Cas 55 = 3;‘0(',957) .10, 4T
\: G ¥l Ces® o /00 cot @ ;00 (Y1) = g4 20
(iﬁg ’/ Aw = ‘?‘/'C-;
\\ -
- Gy v raSady = 28508In 98 ¢ 350 (.958) = 34260
i Y/ v v, Sime, + 100 Sin 05 0 (766) = 7660
i Yr = ava
v/ i bt ’i, -2 T =
ey, + (o) =1 (54.¢5) ¢ (av2) = 281.99¢
Tow® : ¥ 0 292 2499 o jp0 -708: 1692  cco
‘ Xy qy. 65
21. R force of 1050% € 38° CCW is multiplied by a factor of 4.
what is the resultant ferce and angle?
1050 w1 wapo®
Ya00® @ 38°cce
32, 35%

is added to the vector 95# @ 21°

CCW. What is the
resultant vector?

68 ¥ 4 357 130™

/3 0;'.‘"*@ ;/ ‘e
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3. A 4520% car 15° incline. What are the compcnents’
perpendicular <o the incline and

-

b s r cose- t vgap Cos /= 4342 98

P
X

.
S B 2 HFA2 S i i1t 9. 86

i,
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a = eft to right at a moderate
rate of speed when its brake system malZuncticned,causing all
four brakes to suddenly apply and lock all four wheels. This
caused the vehicle to skid to & stop,leaving the skié marks as
shown below. The vehicle had a wheel base of 102" and a front
overhang of 30". The vehicle weighed 2540 pounds. A special
test skid was made,using the repaired vehicle. During the tes:
skid, a mark of 25' was made from z measured vehicle speed ¢

f
. - 2 .
22.C mph. Using the formula D = § determine the drag factor.

3I0F

Then, by using the Special Tape Measure (attached), measure

the skid marks and determine the speed of the vehicle at +he
time the brakes malfunctioned. In the formula, D = &istance in
feet to slide to a stop; S = the vehicle speed in mph; and F =

coefficient of friction or drag factor.

N e T i D S i L g T L TN

oy o e ) R T L USRI R et R e
D S 2 S e A S T e LT e Pt e B WO SR M e, Y et R oy e e

lomgth 17 e fus logbhe = €4 . 152.62, 503
2~ wpi-e” 9 &/
J - 47'-6
Y- qrts”

L
D ost F—':.._._..Sz *-@-"1) - YyYy s LY
JoF Jel 5o (as &
Ry ¢ ed O'lr U&L:ry[&
P . 'f—é‘/")( ) R R TIE YR
D: &2  gzyfsoFp )30 EWATNE) = [E2L30 2 30.8 g







Advanced Accident Reconstruction

Lesson Cutline

Lesson No. 3, Physics and Dynamics

rresented by: Robert L. Hess, Ph.D.

Description:

An introduction to the basic principles of physics and
dynamics as they apply to accident reconstruction.

Topics:

Mathematical Background
Coordinate systems
Lines and points in a2 plane
Vectors

Plane Kinematics of a Particle
Vector position and displacement
Velocity
Momentum and Force

Plane Kinematics of a Rigid Body
Angular Velocity
Rotation
Centroids
Acceleration

Kinematics of a Body in Plane Motion
Center of Mass
Newton's Axiom
Rectilinear Motion of a Rigid Body
Flane Motion of a Rigid Body
Vehicle Force System

NOTES



SYMBOLS AND ABBREVIATIONS 3
SYMBOLS AND ABBREVIATIONS

Tablie L. Greer Alphaiet

A a Alphs H » Ets

B 2 Beta 8 J 8 Theta
I' v Gamms I o

A & Deita E :« Eapps
£ ¢ Epalon 4 A lambds
2 ¢ Zew M & Mu

N » Nu [T ¢+ “Tau
T X '? u  Upaiien
0 o Omieron | o ¢ P
O ¢« B ‘X x Cni
P » ERbe ¥ ¢ P
Z ¢y Signa 2 w Croers

Table 2. Symbols for Mathemarical Operatiens
BavyRancre: Americn Standard for Matberaatios Symbols (AESC Report 2100, Matheemmrion!

Axmczatot of Amenes (Nationai Commitues Revors, 1923, Chapuer 8).

dxuerimn Standard Matie.

matieal Symbal (ABA ZI0(— 928}, imencan Standesds Aspoerstion, New Yorie

addition and Subtractics
&~ & & pive &

& = 3 o minus b

& == £, 6 piun or mious &

& ¥ b, & ounos or pios b

Multiplcstion and Divimon

4 X b, or e-b, or sd, a Urses &
.».t.wf,-m,.&vmwa

Symbeis of Agrregatica
{0 purestbhesss
braaicoa
| rwaws
- vintuinm
Eguaittios ane [aequalities
[ R AR T
& B b appronimsty eqoais b
& ¥ 4is 8ot squal o &
€ 2> b & is gresiee than &
e < bk ois i thas b
& 2 b 8 sqnass or s greater thas b
€ 5 ko4 ey than or equeis &
& m b 4w idenueal wa
S b, OF o us b, & wEpIOGEDES & o & limit
Progortien
Wb we/dewaibtizid satod smeinted
# < b, & verime directiy sa #
Gas pur ommi
Powers aad Roots

o, & straared
a;.cnh-u’tntbon:h nowyr

V:nn-mtdc
L]
V’:uuy". mth root of
e 16"
L34 X 106w 31400
114 X 10 m 0.000314¢
Miscelaneons
oo 1:2.3, .. & frewrisl o
Plres) w min = 1}m = 2) ... (8 = 1)
Pin, vy n . .
C(t.r)ww-rl—- ;/} = bisombal coxScienss
|t e sbeciute vaine of ¢
lor ) = Ve 1, imaginary it
¥ o= LItIA ratio of tae sroumierenes to the
dismeer of 2’ cirde
W, infaicy

Logarithms
ioga ~ iogus & comman logarthm of o or log of
& to the tmea JU
ng = logy «. Bacers logurithen of & or loy of &
5 the base ¢ (¢ = 2.718)
io€ ' o, number whose log u ¢

Sowen oF eee, sae, 0OL of gin ¢ TMEDDOmMTIS

TEFL ocvers {ubetions

#0"%, oou *!, ete.. inverso of the funetions

Aosivtic Geomeery

Loy & £ w, [, ectaaguiar coordinases

A & intrinems ine bam

# indite of eoreniure

4, lamgth of sry

r. 4. poine pomedipascs

W.mmwmmmm:

r 8, sobariesl coordingies

4, oomiatitucie

&, longitude

ro 4 3, eyiiodrieul eooedinstes

0, POBRELIMNLY it sooics

P, sy latus rectum in coties

™ wog m = cos B.n = cou=y, direstion sosines
Calenins

¥ o flz), yisa funetion of »

(Nf(ﬂmgmbw.w' of y = f(x)

with rewpeot wo =

lf"f'(ﬂ“"‘“%?-ﬁsr-g. roatd dao

fivative of y = flz} with respect to =

» # f(£, ). ws & tunerion of 7 and y

--Mz.ri-D:(-)--}:.wmﬂm

of u = flz, ¥) with respest to 2

'v'-fuiz-l)-ﬂy(Drul-“%-.md

partial derivetive of v = flz, 1) with repact

te r and y

Ay, iseremant of ¢

dy, differencial of
5;;. yanasion of y

-

E.mm-amﬂrmqwb

Img

Hm () m 8, ywbdpprzumg
Ty
f,inm-alef

f. dedinice intepral of
&

Vettor dnelyein
LJ. & unit vevtors siong the axms (richi-handad
FYwReaTn)
g0 = (g} = Jab, scnlar producs of ¢ sad &
€eX b om(gp - Vad, ewctor produet of € and &
thmmind&und'mmmbyhu-{uu
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e

P(x,3)

A 7‘--:—33 +(C =0
s That

( ﬁ\“‘é?b (o (ﬁz"xs)j JP(;X[ﬂ{?‘aj,) =0
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M R
P(Xuljd * Q(’ﬁz,j‘?) QL :«_,ovc}\ o Lovs A %+ Bt} +( = C"

Az o+ B +C=o0

ok
Aty +BYyy +C=0

A o -
ﬂﬁr—?iz‘." SM, T2 T C%a"d /q B C’ =0
S . Xy A + jr’ﬁ'&.‘f' j?’
aAIl?*"'g"iZ-f"!'{'C?'“ Aﬁtj'“'\/%'BMz.”ﬂf""CJr =@
& (”31 Ke=Yaky) £ C(RarFg=o A (% geta) +C (42-g) =6
B = (X2n 2 A (4 1=42)
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Advanced Accident Reconstructicn

Lesson Qutline

Lesson No. &, Vehicle Dynamics

Presented by: Christopher Winkler

Deseription:

An overview of three-dimensional real-world vehicle dynamics
including vehicle handling, braking, and traction as they apply
to accident causation and investigation.

Definitions
In-plane and ocut-of-plane motions
Motor vehicle components which influence braking and handling

Tire traction and compliance

Handling
Steady turning, normal and limit
Directional response to steering
Influence of wind and road disturbance

Braking
Brake torque and force distribution
The steady braking process
Limit braking and directional stability
Influence of road surface and tires

Accelerating
Turning on a reduced friction surface

NOTES



Advanced Accident Reconstruction

Lesson Outiine

tesson No. 5, Vehicle Force - Deflection Characteristics

Prasented by: Kenneth L. Campbel]l

Description:

An overview of vehicle force-deflection characteristics as
they apply to accident reconstruction. These characteristics are
. & measure of the energy required to crush the vehicle.

Topics:

Energy Considerations
Energy Balance and Terms
Estimating Energy Absorbed
Consideraticns in Measuring Crush

NOTES
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IMPACT SPEED, mph

-

&

V= 3.0+ 1.35(Crush) K. L. Campbell

W = 2500%
60 g / 66 V= 6854088 (Crush) o
F W= 4500¢
//
50 p— V4 50
/
£
40 g—- 2540
w
é 3
30 p— 1330
-
z
20— @ 20
.,,
10'—/-/7 10’
o
X (S N T N N N RN I R A R e
4] 1c 20 30 40 50 60 o 10 20 30 40 50 60
RESIDUAL CRUSH, inches RESIDUAL CRUSH, inches

Fig. 1 - Residual crush vs impact speed in full
frontal barrier tests for '71-'72 full size GM
vehicles

Fig. 2 ~ Residual crush vs impact speed in full
frontal barrier tests for '71-'74¢ Chevrolet Vegas

Table 1 -~ Summsry « Frontal Barrier Test Data

V({zph} = b, + blﬁ(in.)

GM Vehicles bo mph.bl mph/in, weight ibs.
71-72 Standard Full Size 6.8B5 .88 4500
73-74 Standard Full Size 7.5 0.90 4500
73-74 Intermediate 7.5 0.%0 4000
71~74 Compact 3.0 1.35 3400
71~74 Subcompact 3.0 1.35 2500

Vehiecle Classification Examples

Standard Full Size Chevrolet Impala, Pontiac

Catalina, Qldsmobile Delta

88, Buick LeSabre
Intermediate Chevrolet Chevelle and Monte
Carle, Pontiac LeMans and
Grand Prix, Oldsmwobile Cutlass,
Buick Century
Chevrolet Nova, Pontiac Venturs,
QOldsmobile Omega, Buick Apolle
Subcompact Chevrolet Vega

Compact

Note: The following vehicle classifications are not
included in the above table:

Sports (Chevrolet Corvette)

Compact Specialty {Chevroletr Camsro, Pontiac
Firebird)

Luxury Sedan {Oldsmobile 98, Buick Electra
225, Cadillac Calais)

Personal Luxury {Oldsmobile Toronazdo, Buick

Riviera, Cadillac Eldorado)
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havanced Acciden:t Reconstruction

Lesson Qutline

—ezsen Ko, 6. Skid Marks and Analysis

-resented by: Peter (Cooley

A presentation on tne practical aspects of describing and
zasuring skid and otner pavement marks and on the estimating of
nanges of vehicular velocity based on skid distance and
fficient of friction.

importance of Tiremarks and Roadway Evidence
Overiapping Skidmarks

Curved Skidmarks

Skip Skids

Gaps in Skidmarks

Accelieration Marks

Variable Skidmarks

Tread Pattern Marks and Striations
Point of Impact

Tire Treacd Imprints

Scuff Maris

Scratches

Gouges

Ruts

Furrows

Holes and Mounds

DeEDris

Speed from Skidmarks




PHYSICAL EVIDENCE HELPFUL TO RECOWSTRUCTION

Roadway

Surface compositicon anf zendisicn  (include ambient)

Coefiizient of fricticn

3. Crade, crown/superelevation
4. PFavement width
5. Roacway ceometry {(curves, tangents, etc.)
6. Intersection gecmetrv {curb lines, ancles, turn fsatures,
converging ancles, etc.)
7. Median descripticn {(composition, dimension, etc.)
8. Lateral aﬂd loncitudinal placement of lines and other
surface markings
3. Site édistances
10. Pavement edge
&. Curbs [(composition, sondition, dimensions)
b. Shoulders (composition, condition, dimensions, coefficient
£ Zriction if applicable)
c. Drainage gutters (composition, ¢coenditien, dimensions,
coefficient of friction if applicable)
Roadside
1. BEridge abutmenis, overpass abutments, etc. {lateral andé
longitudinal dimensions/vertical dimensions where applicable)
2. idewalks (location, composition, width)
3. Guardrails/Guardpests (type, post spacing, face height,
features, etc.)
4. Signe in accident arez and relevant ones along approach
. Private driveways/commercial accesses (dimensicns ané descripzive
features)
6. Utility pocles, light standards (luminaires), signal light suppor=
standards, etc. (locations, type, diameter, fastening methods, ets.)
7. elineator scsts/mile posts {locations)
&, Ditches (location, width, depth, etc.)
9. ZImbankments (locaticn, elevation gain/less)



il Trees ang shrubbery (location, size/diameter ¢f trunk)

~L. HWatezwavs (logation/dezth where pertinent)

lZ. View obstructions (locaticon, size, ezcz.)

13. Anv cther chstacles struck v or which influenced the
control/Traljectory of accident vehicles

1l gif-road surizces

a
i4., Zstimate of coefficient ¢f fricrion of al
ré the slcpes of these

traversed by accident vehicles and recc
surfaces (elevation gains and losses)

C. Pre~ImDact or Pre-Key Events

1. TFree-rolling tire prints

2. Skiédmarks

3. Acceleration scufis

4. Braking scuffs

5. Critical curve scuffs/yvaw marks
. Flat tire scuffs
. Liguid spills

<
7
8. Gouges or scratches
¢. Converging vectors
o]

10. Vehicle rotation {(atzitude versus vector)

D. Impact cor Key Events
l. Point of impact {positions of &ll wvehicles), departure Ffrom
pavement edge, overturn, ets.
2. Gouges, pavement chops, etc.
3. Debris -~ liguié spills, vehicle components, underbody dirt, etc.
. Damage to objects contacted

4
5. Deflection angle from pre-impact vector
Z. Post~-Impact or Post-Xey Event

1. OCther collisicns - identify cobjects struck and document damage
te these objects

2. Sculfma-ks or skidmarks

8. TFree-rolling *ire prints
€. Vector changes during travel
7

. Vauplts - dimensions



h-‘

G.

=

e

g Rollover - dimensions
= Free Zzll - Zimensinns
J Post-Impact roration

1. Tinal rest positions - all wheels and orientation

1., Damage descrirtion (include sketches)

2. Crush measurements [(lnclude sketches)

2. Physicel dimenslions (wheelbase, front overhang, rear overnang,

width, etc.)

5. Injury producing features
6. Interior contacts Irom ocrupants
7. rash perficrmance (investigator assessment)

8. Vehicle defects (potentizl, evident, etc.)

unan {Qccupants)

114

1. inal rest positions (document, measure with referencs)
2. Injury descriptien(s)

3. Restrained (belted)

4., Condition of ¢lothing (tears, rips, removed, ets.)

5. Location of body fluids or matter {(identify and locate)



PRADWEY JUNCTIONS & CROSSINGS
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TRAFTIC CONTROL DEVICES
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SIGNAL INSTALLATION COMPONENTS
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Advanced Accident Reconstruction

Lesson Qutline

Lesson No. 7, Scene Inspection

Presented by: Peter Cooley

Description:

A presentation on the information available at an accident
scene with techniques utilized to identify the scene elements
necessary Tor accident reconstruction and to review methods of
recording these data.

-

O
)
—t
)
i

Scene examination overview
Measurement Benchmarks
Measurement Equipment
Vehicle Final Rest Position
Roadway Examination

Road Characteristics
Traffic Controls

Off-road Features

Environmental Factors

NOTES



Advanced Accident Reconstruction

Lesson Outline

Lesson No. 7L, Scene Inspection Laboratory

Fresented by: Peter Cooley

Description:

A laboratory session to accompany the presentation on Scene
Inspection. Available will be several accident scenes for the
student to cbserve, measure, and work.

Topics:
Observation of accident scenes

Relevant Roadway Features

Skid marks demonstration

NOTES



Advanced Accident Reconstruction

Lesson Cutiine

resson No. 8, Vehicle Inspection

Presented by: Peter Cooley

Description:

A presentation to identify the vehicle-related data elements
necessary for accident reconstruction and to review the methods
utilized in observing, interpreting, and recording these data.

Topics:

I.
II.
ITI,
Iv.
V.
VI,
VII.
VIII.

General Vehicle Factors

On-scene Information

Vehicle Identification

Tow Operator Practices and Storage
Exterior Damage Assessment

Vehicle Exterior Examinations
Vehicle Impact Orientations
Vehicle Field Forms

NCTES



Advanced Accident Reconstruction

tesson Outiine

Lesson No. 8L, Venicle Inspection Laborztory

Presented by: Peter Cooley

Description:

A Taboratory session to accompany the presentation on
Vehicle Inspection. Available will be severzl accident-involved
vehicles for the student to observe, measure, and record.
Topics:

Observe and measure accident invelved vehicles.




Advanced Accident Reconstruction

Lesson Qutline

Lesson No. ©, Data Documentation

Fresentec by: Peter Cooley

Description:

A presentation to review the techniques availeble to the
investigator for observing and recording the necessary data for
accident reconstruction. Technigues o be covered inciude measure-
ment technigues, marking and mapping techniques, photographic aids,
and interviewing techniques.

Topics:

Investigator as an Observer

Field Data Recording Methods
Symbols for Documenting Crash Scene
Field Measurements

Sketching and Drawing To Scale
Photography

NOTES
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Advanced Accident Reconstruction

Lesson Qutiine

Lesson No. 10, Classical Reconstruction

Presented by: Robert L. Hess

Description:

To provide an introduction to calculation used in accident
reconstruction, to illustrate the steps necessary to perform a
reconstruction, to provide an introduction to computer-assisted
reconstruction caliculations, and to i1lustrate the logic of
various computer-oriented reconstruction preograms and sub=-programs.

Topics:

Kinematic Fquations of Motion Applied to Vehicle Trajectory
Simplified Marguardt Equations

Step~by~Step Integration

Plots of Linear and Angular Velocity

Trajectory Simulation '

Kinematic Eguations Applied to Impact
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Advanced Accident Reconstruction

Lesson Outline

Lesson No. 11, Applications of Classical Accident Reconstruction

Presented by: Robert L. Hess

Description:

A discussion of the appiication of classical, hand calcula-
tions to accident reconstruction and of the application of CRASH
to crash configurations, of the sensitivity of CRASH results to
certain input parameters and of operational problems encountered
in using CRASH.

NOTES



Advanced Accident Reconstruction

Lesson Cutline

Lesson Ne. T1E, Classical Reconstruction Exercises

Presented by: Kenneth L. Campbell

Description:

A structured exercise laboratory session for the group
sclving of basic reconstruction problems.

NOTES



Advanced Accident Reconstruction

Lesson Cutline

Lesson No. 11L, CRASH iLab.

Presented by: Robert L. Hess

Description:

A laboratory session devoted to individual or small group
solution of reconstruction problems using CRASH and other problem
solving techniques. Input data will come from either instructor
generated problems or from student-generated data based on previous
laboratory sessions.

NOTES



Advanced Accident Reconstruction

Lesson Qutline

Lesson No. 12, CRASH Lab Discussion

Presented by: Robert L. Hess

Description:

A discussion of the CRASH Laboratory Session

NOTES



Advanced Accident Reconstruction

Lessan Outline

Lesson No. 13, Collision Severity Measures

Presented by: Kenneth L. Campbell

Description:

The need, definition, and uses of information on collisicn
severity are described in order to instill a sense of "purpose"
in the investigator.

Topics:

Need for Collision Severity
Definition of Collision Severity
A Model

Measures of Collision Severity
Applications

Exampies

NOTES



Advanced Accident Reconstruction

Lessaon OQutline

Lesson No. 14, Final Examination

Presented by: Thomas L. McDole

Description:

A final course examination



Advanced Accident Reconstruction

Lesson Qutline

Lesson No. 13, Summary and Closure
Presented by: Thomas L. McDole

Kenneth L. Campbel]l
Description:

Final class meeting, closing remarks, course evaluation,
etc. as necessary te wrap-up the course.

NOTES






