David L. Uhrich

The Perfect Case

Consider a 1976 Oldsmobile Cutlass (#2) which is
northbound on Parkview Avenue. It stops for the stop sign
at the T-intersection of Parkview Avenue with Portage street.
It then pulls out onto Fortage Street in a left turn. At
about the time the Cutlass had crossed into the westbound
lane of Fortage otreet, It was struck in the front by an
eastbound 1972 Lincoln Continental (#1) which left 87' of
pre-impact skidmarks. After impact the Cutlass rotated clock-
wise about its left rear and left marks off the north edge of
rortage street with its front wheels and ended up pointing
generally west in the westbound lane of Fortage street. It
had completed nearly a %60¢ rotation and had traveled ~48!
from impact to final rest. The Lincoln rotated counter-
clockwise about its left front after impact for 150° and ended
up pointing northwest in the westbound lane. It traveled

~39' from impact to final rest,

=

ne speed limit on rortage Street is 35 mph and at the
time of the accident the pavement could be described as wet
traveled =zsphalt., The Lincoln pre-impact skid of 87' occurred

on a slight 3.5% downgrade going west to east.



Of

There are several questions of interest in this accident.

course, the natural one is how fast was the Lincoln going

at the start of its pre-impact skid. Two additional questions

of importance are:

1. where was the Lincoln located west of impact when
the Cutlass began to pull out? The importance of
this question arises because there is a view
obstruction for a northbound vehicle situated at
the stop sign on Parkview Avenue. This obstruction
arises because to the curvature of Portage Street
west of the intersection, the slight grade and the
trees et cetera south of the sidewalk on the south
side of Portage Street.

2. If the Lincoln had been traveling at the speed limit
limit of 35 mph at the time its driver first reacted
to the presence of the Cutlass, where would it have
stopped?

Analysis

1.

Calculation of the speed of the Lincoln at the start of
its pre-impact skid, This calculation requires several
steps. They are: (1) Determination of the post-impact
speed of the Cutlass at the start of its 48' travel after
impact, (2) Determination of the post-impact speed of tne
Lincoln at the start of its 39' travel after impact,
(3) Determination of the pre-impact speed of the Cutlass,
(4) » step across the collision via the principle of
conservation of momentum to obtain the speed of tne Lincoln
just before iapect, and (5) Determination of the pre-skid
speed of the Lincoln.
a) Cutlass: post-impact speed.,

The Cutlass had three flat tires and did a near 360°

rotation during its 48' post-impact travel. iost



of the path was on wet asphalt and the front wheels
slid sideways off the north berm for 22'. Here we
consider the energy of motion possessed after impact

dissipated in its slide to a stop.

sz = 2/4:}41
dy < 48
A1, = O. w5 = O.70
a_: 32.2 ’("'/Sf‘—’.
Resul’f‘- VEA'—' 25. > 317 mrk

Cutlass: pre-impact speed.

The Cutlass stopped at the stop sign on Parkview Avenue.
it then traveled from rest to impact in ~40' turn.

If we assume normal to rapid acceleration for the

turn, we can then compute its pre-impact speed.

od, = 40’
o« = 4.8+ 7 C "F‘f'/skebt
C’,“—’%’_@%,L > -élzza7‘”’£7‘./$ecou‘/5

iiote: If the collision were not a2 head-on collision,
then one would need that component of the
Cutlass’ speed which was along the initial
airection of the skidding Lincoln, The best
case for the Lincoln would be for the Cutlass
to have O speed in this direction, Later, we

Will compute the speed of the Lincoln at the



start of its pre-impact skid for this limiting
condition.
c) Lincoln: post-impact speed.
The Lincoln dissipated its energy of motion after
impact by continuing a forward skid of approximately

20" as it began to rotate and slide for a total of
39' before stopping.-
\C;L = 2 4, ¢ dy

d, = 39!
M E 0. 95 «> .70

3,= 32.2 A44)sect

R(su“: V., 82?"—’ 28.6 w‘o(’\

d) Considering a one-dimensional or head-on collision,

we may use conservation of momentum to obtain the

pre-impact speed of the Lincoln.

MiVie + My Ve = M, via + wmq, n

Vpn= 22.9 <= 28.6wph
Voga = L 5.4 <> 3/.7 m b
Vig=s —(13.¢4 = /-7.0)»74
w,=w,}= S219+250 =546 16s (Linceln
plus tw o eeeple)
M“:”“J': B¢ +150 = 3%I1816s (Cotlass

+ c/r‘n/"er )

Resvlt: Vie = &£0.0 G—*é‘/_Oya,L‘



Mote: If the pre-impact speed of the Cutlass along
the pre-impact direction of the Lincoln was
zero, then Voo in the above equation goes to
zero and Vy, = 40.6 - 53.8 mph.

e) Tne Lincoln's speed at the start of its pre-impact
skid may be computed by considering that part of its
initial energy of motion is dissipated in the 87!
skid and the remainder is left over to cause the

damage and post-impact motions,
- T _ 2

dy = 87'
3, 32-2 "p"//fect
1= 0.9/S <> O.LCS (0.45 <« 0.70

n

mInus O.035 o acc oent Sor the

3-5% dﬁawr\jv‘-ﬁtjf )
VIO: .S'0-0""'; é‘f&iﬁd’l.

Q?;u“‘: Vo = 5\7 8 - 74,9 mfl'

wote: If the Cutlass' pre-speed along the Lincoln's
skid direction is zero, then Vig = 52 = 6& mph.
I1. where was the Lincoln 0.8 seconds before the 87' pre-impact
skid began? This distance can be compared to the stopping
distence from 35 mpn whicn include the distance traveled
in a 0.8 second reaction time and a gkid to a stop.
a) Distance of the Lincoln from impact 0.8 seconds before

its 87' pre-impact skid,



o= (0.8)VVo + ©7'
Vo = 59 8 74_gmfz: 8‘7.7"—"//2-0'(’7:r(

Res )t c/cf )57 'e—> )70’

b) Stopping distance from 35 mph.
0/'7 = Or 8 V3 “" L_’;’l
42/‘(2.}
Vg = 35 mph (S1.30¢/ccc)
O. 915 —> O.6LS

A T
a{ =. 32‘? ‘r"‘/SC‘l

R es. it dy= 03" <= /90’

as z result, if the Lincoln had been traveling 35 mph
at this time, 1t would have stopped before the impact
occurred.

I1I. The distance of First sight to the west (of the impact
point) for a northbound vehicle stopped at the stop sign
on rarkview avenue 1S 255'. Here, We will compute the
time required for the Cutlass to make the turn, the time
fo=» the Lincoln's 87' pre-impact skid, subtract these two
times and find out the location of the Lincoln when the
Cutlass started its turn.

a) Time for the Cutlass' turn.
’Z ="-f' 4{/1
4, = Yo'
a = 4 84> F6{1 cre
Resvlt. 2, = 2.9« Y./ ceconds



b) Time for the Lincoln's 87' pre-impact skid.

_ 2 dy
Z, = Vie + Vo
0/4':87,

Vips 50.0e> €% O mph
Vio & 59 8« 769»;/4

(R?$Ulfz 'l:-z_= O. 88 — /.08 §e-coh¢=/f

¢c) % T t, =205 - 3.02 seconds
iiote: Here, tne shorter (longer) times are
consistent with the highest (lowest) pre-skid
speed of the Lincoln and thus, must be sub-
tracted.
a) Distance traveled by the Lincoln in 2.05 = 3.02 seconds
prior to pre-impact skid.
de = Yo (Z,-7.)
Vi, = 578> V6% moh (E2.7+= 172 O fsec)
Resolt i =2 2 9%w 224 Z‘,fo:if;,fl?of,f}”?
e) Thus, the location of the Lincoln west of impact at the

time when the Cutlass started its turn is:



d5 + 87' = 316' - 351' (west)

Note: The distance of first sight west of the impact
point is 255'. Thus, the Lincoln was not
visible to the driver of the Cutlass when he

started his turn.

Conclusions

1.

The speed of the Lincoln at the start of its pre-impact

skid was 25 = 40 mph above the 35 mph speed limit.

If the Lincoln had been traveling 35 mph when its driver
reacted to the Cutlass, 1t could have stopped short of impact,
The Lincoln was not within the line of sight

of the driver of the Cutlass when he began his turn.
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D.L. Ubhrich

INTERESTING CASE

This accident involves three vehicles: a 1973 semi-tractor-trailer,
a 1974 Chevrolet Nova, and a 1966 Cadillac. | will identify them as
vehicles numbers 1, 2, and 3, respectively. The Nova was making a rather
wide left turn and it was hit by the semi-tractor-trailer on the
passenger side as it crossed the oncoming curb lane. After impact the
Nova spun about 180° clockwise as it slid about 32 ft into the Cadillac
which was standing at the light waiting to enter the intersection.
The Nova's passenger side struck vehicle #3's driver's side and both
vehicles bounced and slid sideways to a stop.

The tractor-trailer laid down 20 ft of skidmarks before the impact
point, 88 ft of skidmarks after the impact point, began to jackknife
at impact, and jumped a six-inch curb with its right-side front wheel
and came to a stop.

Figure 1 is the diagram from the police report. It shows the final
resting place of the 3 vehicles and indicates that the tandem axles

(power axle ﬁ ~mi left 108 ft of skidmarks. The central

question /{;ﬂ@@_ﬁ_ ~4 the possible liability of the driver of
the tr (7:;}(/ _ Jeeding, then he was at least in part
respons.. ) As a result, ny part in the reconstruction
centered on his .ondary part of the reconstruction was

locating the truck at .. nstant the Nova began its left turn.

By noting the time from the start of the turn to impact for the Nova
and working backwards from the impact, it is possible to place the
tractor-trailer at this instant. Then one can determine whether or not

it had an adequate distance in which to stop and possibly avoid the



impact if it had been traveling at or below the speed limit (35 mph in
this case).

Figure 2 is a copy of ny scale drawing of the intersection showing
veh cle #2 at the start of its turn, vehicles #1 and #2 at impact, and
the final resting posit on of all three vehicles. Figure 3 shows the
intersection and Gilchrist Road with several reference poles east of
the intersection.

As it turned out, the entire question of whether or not the tractor-
trailer was speeding rested on the skidmark statement in the police
report. The Ohio State patrolman wrote that the 108 ft skidmark was
due to the tandem (power) axles of the tractor-trailer. If this was
the case,, then, as | will demonstrate, the tractor-trailer was speeding.
If the patrolman was in error or unsure of his statement after
questioning, howevers one could imagine the 108 ft of skidmarks beginning
with the rear wheels of the trailer and ending at the resting position
of the tractor’s power axle. In this instance, one would have to subtract
approximately 35 ft from the total skidlength, This is the distance
between the rear trailer axle and the power axle of the tractor. As
a result, the total skid of each wheel would have been about 73 ft in
length. For this situation, the calculations show that the tractor-trailer
possibly was not exceeding the speed limit of 35 mph.

No other witness observed the skidmarks as carefully as the
patrolman, and no picture taken at the scene showed the beginning of the
skid. As a result, there was not any photographic evidence to show
overlap or the lack of it at the start of the skidmarks or indicate

that the skid was either 108 ft or 73 ft.



There was a second question regarding the speed computation.
Initially, the trucking company said there were brakes on all axles
(including the steering axle) of the tractor-trailer. For this situation,
the entire weight of the tractor-trailer (~ 24,000 Ibs) would be
effective in slowing the vehicle in a skid. Later they changed their
mind and said that the steering axle was without brakes. In this
instance, the 7,000 to 10,000 1bs carried by the front axle would not
be effective in slowing the truck in a skid. As a result, without
brakes on the front axle, the speed at the start of a skid of a given
length would have been less than the computed speed if this axle did
have brakes.

To be noted here is the fact that all of the action at impact and
afterwards by the Nova and subsequently the Cadillac plays a very small
role in the speed computation of the tractor-trailer. Because of the
weight differences between the Nova and the tractor-trailer, the impact,
the 32-ft skid of the Nova, the collision with the Cadillac, and the
sub.sequent sliding of both the Nova and the Cadillac to a stop only
account for about 10%0f the initial speed of the tractor-trailer.

The actual breakdown of the accident for analysis purposes is
listed below. As always, we will begin with the final resting position
of the vehicles.

1. Determination of vehicle #3's speed sideways after it was

hit on the side by the Nova. Conservatively, the Cadillac
slid 6 inches sideways to a stop. (Work-energy relation)

2. Determination of the Nova's speed just after impact with

the Cadillac. It slid sideways about 4 ft after impact.

(Work-energy relation)



10.

Determination of the Nova's speed just prior to its impact
with the Cadillac. Here, the Cadillac is taken to be at

rest prior to impact. (Conservation of momentum)
Determination of the Nova's speed at the beginning of its
32-ft slide and spin between impacts. (Work-energy relation)
Determination of the tractor-trailer's speed just after its
impact with the Nova, that is, at the start of its 88-ft
post-impact skid. (Work-energy relation)

Determination of the speed of the tractor-trailer just prior
to impact with the Nova. (Conservation of momentum)
Determination of the tractor-trailer's speed at the beginning
of its 20-ft pre-impact skid.

Determination of the distance traveled by the Nova from a
stopped position at the light to the impact point.
Determination of the time required for the Nova to make the
turn. [Here testimony indicated that the turn was rather
slow (~ 5 mph).]

Determination of the tractor-trailer back from the impact
point at the point in time when the Nova begins its left turn
(using the time required for the Nova to regotiate the turn

and the tractor-trailer's pre-skid speed).
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Concl usions :

1.

Comments:

1,

Let®

The pre-skid speed of the tractor-trailer was in the range
from 46 to 56 mph.

The time for the Nova to negotiate the left turn (49 ft) to
impact was 7.9 seconds.

The position of the tractor-trailer 7.9 seconds prior to

impact was between 522 ft and 625 ft east of the impact point.

Witnesses placed the tractor-trailer at the 3rd pole east of
the intersection when the Nova began the turn, The 3rd pole
is about 580 ft east of the impact point. Clearly, this is
consistent with the result given in #3 above,

The stopping distance can easily be computed for the tractor-
trailer, The stopping dl’stance is the total distance traveled
during the driver reaction time and 0.4 sec brake-lag time

plus the distance required for a locked wheel skid to a stop,

S assume a rather Tong reaction time of 1.5 seconds. Thus the

total time traveled before braking begins is 1.5 + 0.4 = 1.9 seconds.

Consl’der 3 speeds (d = distance traveled in 1.9 seconds):

1.

Speed limit 35 mph = 51.3 ft/sec.
d =vt=1(51.3)(1.9) = 975 ft

Minimum tractor-trailer speed of 46 mph = 67.5 ft/sec.
d =vt =(67.5)(1.9) = 128.3 ft
Maximun tractor-trailer speed of 56 mph = 82.1 ft/sec.

d=vt=(8.1)(1.9) = 156.0 ft

- 13-



The distance required for a locked wheel skid from each of the above
2

speeds may be computer from v© = Zugd] W where
v = speed
p = 0.55 « 0.70
g = 32.2 ft/sec?
da W, = distance of locked wheel skid
Speed:
1. 35 mph = 51.3 ft/sec.
(51.3)°

) w. ~ 2(32.2)(0.55 < 0.70)

= 58.4 743 ft

2. 46 mph = 67.5 ft/sec

(67.5)°

41.w. ~ 2(32.27(0.55 — 0.70)

= 101.1 « 128.6 ft

3. 56 mph = 82.1 ft/sec

. - (82.1)°
1.w.  2(32.2)(0.55 < 0.70)

1495 « 190.3 ft

The total stopping distances are therefore:

Total Distance = d + d].W

|4 -



Range of
Speed Total Stopping Distances

35 mph 155 <+ 172 ft
46 mph 230 « 257 ft
56 mph 306 <= 346 ft

The only conclusion is that the tractor-trailer could have come to a
complete stop at least 175 ft east of the impact point even if it was

traveling at 56 mph.

—1§-~
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Victim 51'gr tall = 68" tall

Center of
Mass ﬁg "
34" ni
2 LLTL Jon ’
35 '—_—}_\ ‘1‘4" " / .
o JW | ¥ o
T 1 B

w/
Victim thrown ) )1 7

victim falls 34" = 2,83 44;w7@
d=v T+ sat
2,83 = 3(32)t2 / /»{
t2 U/}

= 0.1759 e pV/'
t = 0.419 sec % (JJ
Distance thrown iIs 50!'7" BU}

Assume no air_friction to slow the horizontal trave /ufjv
of the victim :

d-—-%\erCﬁ‘:’+-~

f (09
- — {0. (A = \/v <
d/"’%’o‘& = W !
V,ie = 120.7 ft/sec
If perféct elastic collision, then no energy lost
0 deformation.
Conservation
Before
of Energy (1) ) After
MV ° = IMVE 4 gmvvic2
+ (W)
energy lost

to deformation



Conservation

of Momentum (2) MV, = MV + m_se

Algebraically eliminate Vv (Speed of truck after impact)
from (1) & (2).

The result is:

(Speed of V.

Truck v,= 22801 | &)
Before the ° (L M
Collision)

If WO, then vV, increases -=
So this V_ is a minimum speed
Weight of victim = ng = 150 Ibs
Weight of truck = My = 4770 Ibs

. 120.7 150]

o= =2 A e’

v, = 3-2%:1(1 + ,0314)

v, = 62 ft/sec

V. = 42 ni/hr Minimum because:

1. Allowed no air friction
or dragging along the ground
to slow down the victim

2. e allowed no loss of energy
due to deformation of truc
or victim in the collision
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0.8% ft/sec’
v2 = 2Zad
@]
2 - (0)2 = za(l2

0.81 ft/sec”

#1 V-V, =g v -
t
7.3 - 0 = (0.8%)%
t, = 8.8 sec
Wote: If #1 did not stop, then
t, = 32 = 4.4 sec.
T3
s T o T - r:[-*—
i v 75 L
4.4 - 0O = 0.81%
t2~= 4.4 = 5.4 sec.
Sl
It took car #1
8.8 5.4 = 5.4 sec
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30 car #1 entered the intersection 3.4 sec before car #2.

fault,

8%}
ot

implies car #2

Assumptions

1. Both cars went from O to spsed Of impact with
constant acceleration

2. Both cars came to a full stop with driver abreast
at the stop sign - 16’ from the edge of the cross-street

Car #1 gushed sideways out of its original lane
Front wheels moved 14' west
Xear wheels moved 9' west

Average distance pushed 141 + 91 = 1151

Cry travelled asphalt

At = 55 - .70

M = .55 ve = 2ysd
ve = 2(.55)(32)(11.5)
v = 20.1 ft/sec
= 13.7 mi/hr
= 0 ve = 2(.70)(32)(11.5)

v o= 22.7 ft/sec

15.5 mi/hr

<
il

no
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Hange of sueeds for 1 in westerly direction at the instant
after impact

13,7 - 15.5 ni/hr
Use Conservation OF llomentum

during the Collision (a2long east-west direction)
Before After 1

i
i + AV - = H + I
%%x 2V MV o+ HgVo

Best case for #2 is if v21'(speed.0f #2 after impact) is O

i 1
Let Vs = 0
say W, = 2500 1bs
We = 3500 1lbs

for vzl = 0 oo V=0 Recall v - mg
Mmyv, = myvy g
W W ;

2N
z V2 T g1
QSOOV 3500 1

%2 2 7 32 1
v, =235 1 = 71

2 25Vl 5Vl

1
vy =13%,7 - 15.5 ni/nr

2 %(15.5)

21.7 mi/hr

il

Minimum Range of speeds for #2 just before impact is



rage 4

Both cers ston with the front
bumpers even with tne stop sign.

2 18t ro= 3 mi/nr
571 351 v = 5 mi/hr
3 mi/hr = 4.4 f£t/sec
5 mi/hr = 7.3 ft/sec
#1 (7.3)% = 22(38)
51 = 76a
&, = 5L = .67 ft/sec
76
42 (4.4)% = 2a(18)
18 = 362

=7.% = 10.9 sec

t. = 4.4 = 8.8 sec
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Kinematic Equations -- These equations are used when
a vehicle, pedestrian, or a
motorcycle rider becomes airborne.

-
v - d - vrinal * Vinitis)
average - t - 2
d = distance
t = time
V = velocity
- VT'.
Vf - final
Vi = V. ...
a initial
a = acceleration
“ — T
2) . Vo=V,
B t
Solve (M and (2) for * and equate
T
1 Vf + Vi _ g
t z TV, -V
2d ff Vi
(Ve + V) (Ve = V) = 224
—_— - 2 5

s 2 o2
3) 7 ¢ Vi

= 2ad

Solve (1) and (2) for Ve and equate

Vo =V, + at = %% =V

1

bty

IR

bolve for

=
®
ot

4) 4 = Vot o+



Wheve does Vo= \5—,/7"6\)/44/' C ome ’from?

Consider

2
sv© = ymgd

Cancel un's

T =4 &d
Multiply by 2
v2 = 2mgd

Take Square Root
v = [T

Let g = 32.2 ft/sec2

4 = drag factcr

d distance in feet

% speed in ft/sec Lov=laez2lud = o ‘jﬂd

-

Convert to mi/hr by dividing by 1.47

v =d§4:f;¢/ud’: 5. 46
SO speed in mi/hr is v = 5.46Lud
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(#2) Motorcycle rider killed.

Driver of car (#1) cited for illegal turn - prosecuted
for vehicular manslaughter.

No skid marks.
Therefore, no evidence that Motorcycle slowed down.
Speed limit sign well east of Hill Crest is 50 mi/hr.

Wow long for #1 to make turn from his. lane so he gets
across the oncoming lane.

Distance is about 2 carlengths to make a turn.
Turn distance is 32!

Assumption
Take turn at 5 mi/hr

5 mi/hr = 7.3 ft/sec

v o= %
_ 32
7.3 = T
t = %_? 4.38 sec
Personal experiments
t = 4 sec

W& the driver of #1 committed to the turn before he
perceived any danger from the motorcycle?

Experiment at scene

I got on 1 knee at point of impact.
I an then about eye-level with the driver of a car.
I had ny wife walk away from nme up the hill crest.

Point where | couldn't see her feet was hill crest.
Then found point of which 1 could no longer see her,
Repeated the experiment having her walk towards me.

1. Hill crest 286' from point of impact.

2. Point of first possible perception of 4' object
388! from point of impact.



When did driver of car 1st perceive danger?

It is hard to judge speed when a car or motorcycle
or anything 1s coming directly towards you.

Why? To judge speed one needs to estimate a distance
divided by a time.

If observer to the side, he can estimate distance from
A - B (e.g., between 2 trees and judge the time of

travel then v = % )

A 3

Because Depth perception is not good - its harder for
us to estimate distances as we look between
reference points along our line of vision.

Japarder to estimate Vo= %

Certainly could not judge the speed of the motorcycle
until 1ts over the hill crest and on the way down the
hill.

Say its 86!' over the crest and 200' from point of impact.

(Assumption ‘ D)

Now assume Driver of Cycle going various speeds.

Time to
travel 200!

60 mi/hr = 88 ft/sec 2.27 sec
55 mi/hr = 80.7 ft/sec 2.48 sec
50 mi/hr = 73.3 ft/sec 2.72 sec
45 mi/hr = 66 ft/sec 3.0% sec
40 mi/hr = 58.7 ft/sec 3.4 sec
35 mi/hr = 51.3 ft/sec 3.9 sec



So if car driver perceives danger or a hazard at 200' from
point of impact then he is committed to the turn

before he perceives the hazard for the above speeds
of the motorcycle

From the damage of the vehicles, can I say who was at fault?
Wwhat if the motorcycle had slowed down without skidding?

Is there a reasonable doubt as to the guilt of the driver
of the car?
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Dry travelled asphalt

Assume speed greater than 30 mph
Coefficient of friction=0.55— 0.70
Skid distance =80 ft

Assume a horizontal surface

Assume all four wheels lock

Assume car skids to a stop

XE = wWork done against friction

3mve = umgd
,é<.\\“‘~*
friction distance through which
force It acts (skid distance)
m's cancel
S0 iv2 = ygd
ve = 2ygd
A= -55 ve = 2(.55)(32)(80)
ve = 2816
v2¢ = B3 X 53
v = 53 ft/sec
v = 53 = 36.1 mi/hr
5 1.47
M= .70 ve= 2(.70)(32)(80)
ve = 3584

v¢ = 59.9 x 59.9
v = 59.9 ft/sec

v = 5899 = 40.7 mi/nr
1.47




lage 2

Fossible speeds
Vv = 36 -~ 41 mi/nr

Same problem except the car skids to = stop on a 5% grade

itmve = €/4 + %zrade)mgd

This is a decimal and equal
to the sing where 6 is the
angle of the grade

m's still cancel

S0 ve = 2@;{1 %grade)gd

oy

skid uphill
A = .55 ve = 2(M + %grade)zd
v? = 2(.55 + .05)gd
v2 = 2(.60)(32)(80)
vZ = 3072
Vv = 55,4 ft/sec
v = 37.7 mi/hr
A= .70 ve = 2(.70 + .05)(32)(80)

AN

N

vZ o= 3840

v = 62 ft/SGC //
v = 42,2 mi/hr , , @V”M/
Epeslds—— /O“J”/ -



5
Fnv© = (/%—
m's =still cancel

/{A::,SS V2:

v2 =

ve =

il

A= .70 v2

<
N
1

v =
Range of speeds

v =

X Speed Range:

Tevel Road
T

P i

.05)mgd
2(y - .05)
2(.5)(32)(&0)
2560

,
Isls
('_'.}*'L

50.6 ft/sec
34,4 mi/hr
2(.65)gd
2(.65)(32)(80)
3328

57.7 ft/sec
39.2 mi/hr

34 - 39 mi/hr

(

%6 - 41 mi/hr [ A/ﬁz

5% wuphill grade  37.7 - 42,2 mi/hr /

5% downhill
o QoW d

grade 34 - 39 mi/hr.




skid distance

greater

N

0 It for Czr #1
friction 0.%% - 0,70
Gry travelled zasphalt and

nan 30 mpk

®
o

PR
@ B0¢

B0~ 8

I
& 5
— e e ] b L4
/ 1
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2

F&——Eot;,%4

Car #1 hits car #2 and both slide (stuck together) for 20'

Compute speed of #1 ami #2 the instant after the collision

B(my o+ mp)v? = y(my + mp)gd

Kigetic
knergy

ve

M= .55 v
2

v

A= .70 Ve
v2

.

speed range

Woyk against
Friction
= 2ygd
= 2(.55)(%2)(20
= 704

= 26.5 ft/sec (18.1 mi/hr)

2 = 2(.70)(32)(20)

= 83§64
= 29.9 ft/sec (20.4 mi/nr)

v=138.1 - 20.4 mi/nr



Conservation of liomentunm
in the collision

Before After
myvy + my(0) = (mq *+ m2)v
locity of velocity velocity of
before of 2 combination
Ilision before after the

r
i

n T collision collision

Say mg = 3000 1lbs
my = 3000
32

mog = 4000 1bs

m~ = 4000

e

000 0 \
B 52V1 + 0 = (3032 + 4Ogg)v
BVl = v
v = -,—7—"

1 31

L = .55 V = 26.5 ft/sec

vy = 4(26.5) = 61.8 rt/sec (43.2 mi/hr)
A = .70 v = 29.9 ft/sec
= 4(29.9) = 63.8 ft/sec (47.6 ni/nr)

rage



Consider 80" skid of #1

77
ca
O
.

initiel ”work end of
against ski
friction
initial
A= .55
vy= 61.8 ft/sec (42.1 ni/hr)

= (.55)(32)(80) + %(61.8)7

nitial = 2816 + %819

V.. .
initial = 81.5 ft/se

. SE e i Jie lower
Vimsdtan = 55,5 mi/hr Timit

Vl”"’tlaj = 91,9 ft/SeC
Vijtiay = 02.7 mi/nr
Ladl AL et

55 - 6% mi/nr

Tage 6



rage 7

Speed range = .95 - .70
80' skid no collision

%6 = 41 mi/hr

speed range
80! skid + collision with a heavier car + both slide
an additional 20!

55 - 63 mi/hr
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sSituztion

e 41 s 4y ~ . et —~ —~ 7 P S . - . Fo :

Both cer #1 and car 72 are headed north. Cuar #1 starts
N e N ,,, RN R P -3 - NS - - — . ; N .
to move Irom the curb lane to the pessing lane., As he starts
A I

£
o
}._J
o)
b
o+
‘_J
o
=
{

L ]

to cnange lanes he sees car #2 coming in t

T

Car #1 then swerved back into the curb lane, ran over the

curb, and swerved back into the curdb lane and struck the right

rear corner of car #2 with the left front fender. Jar 42
began "broadsiding" and made a guHVé clockwise turn and

,..J

o

mmed into the utility pole (&), Car #1 on contact made

ila
2 half® clockwise turn and ended up in the center of the

northbound lanes facing south,

W
b
)

1, Damszze to left front of car #1,

2. Dameage to right rear of car #2.

i Y e (PR - cox oy ~ 4
4. Broadside skid marks of car #2 showing that it
N N - 3 o e S e e T
skidded 123 feet before hittinz pole I,
o a3 N P - . N Loy - N
5. Fesition of car #l after imvact shows that it
- Ly e £ s oy 7 e T :
traveled 125 feet after impact. No skid narks
-~ o] N » : e T -
from car #1 were shown in the police report or
3 A e~ e s e £ P . ’
in pnotograpas of the scens,
7 T2y ok Ao e Vovgd oen QR L -
©. Both cars spun clockwise alter the impact.



tion to the above, a police officer skiddec

& patrol car at the accident intersection and measured

- - o - ES 10 7 5 S 3 N ooy e e oy o g

& drag factor of 1,18, Using this drag factor, he
oA S T } = e P : ~ 2 - P o

computed that both cars were traveling in excess of

L.

60 niles/hour at imnact. Th

N
U

speed limit was

o

miles/hour.



Tage

Kesults of the sccident Keconstruction
Using the rroper rhysics

not traveling straignht in the passing lan
n f

s ne.
Rather, he was heading towsrds the curb lane. In Tact,
the angle was more severe than the sngle car #2's skid
marks meke with the northbound direction. The reason
for this conclusion is that the clockwise rotation o:
both cars proves that cer 72 must have bsen deflecte
to the left of its direction before impact. slso,
car #1 must have been deflected to the right of its
direction.before impact.

faden)

<z
v

Y

t

joF

The drag factor of 1.18 which was measured by tine police
officer is completely unreasonable. The possible values
of the coefficient of friction for dry asphalt are given
by the Traffic Accident Investigation Manual as falling
in the range 0.45 - 0.70. The % uphill grade of. the.
accident road is 7.96%. Thus, the drag factor lies In
the range

0.5296 = .7796

As a result, the officer's Computations of tne speeds
were wrong and in each case gave a value which was

too high.

ifain Steps in the Analysis

C!o

The center of gravity of an object (ruler, pencil, or
car) is the paint where one can balance tne object.
When the object is balanced at this point, the force



of ”T&VLf& on the mass to the lelt of the point is
exactly balanced by the force of | 3V ity on the ris
this point.

! 4 T I N
I 2RV VAR 70

.
Fovee of grau ‘\‘/

SR

Fove < 04" Vébﬂy . 7
on Th !E’A‘C"C oh Llae %:311:“

If you place this object on a flat surface and push
as is odown in the following dv¢g:a 1S, you intuitively
know which way the object w1ll rotate.
i
a) C.Osﬁé"z J/ F
C 5 ]
Clockwise
Ty b
Rotation
b)
LT\ ’ |
\LF
c)
N : -1
Counterclockwis
Rotation
a) L - -
=
Zotice that for case (a) the initial direction of motion
of the c. of g. is downward, further, for case (b) the
initial direction of moticn of the ¢. of g. is up.
Case (a) corresponds to car #1 and case (b) corresponds
to car #2 in the present zceident, Vi



2.

The center of gravity of an object (ruler, pencil, car,
etc.) will travel in a straight line once the object

begins to skid or slide. =sny rotation thzt occurs will
be about the center of gravity and not affect the direction
of the straight line motion. ~Recall what happened when Yyou
fell the first time you were on ice skates. #4180,

give your pencil a spin just as you push It across

your desk. It spins, but still travels in a straight

line.

Here, car #2 is hit in the right rear and its c. of
begins a clockwise rotation pivoting about the right
front wheal. Thus, after impact the direction of notion
of the c. of g. is initial%% to the left of the direction
of motion before impact. en all four tires begin
skidding and car #1 must continue traveling in the
direction of motion that the c. of g. had when_ the pivot
wheel begins sliding. lis a result, the direction of #2's
skid is to the left of its initial direction of motion

at impact. Tne net result is that car #2 must have been
headed cross-lane towards the east curb before impact-

By similar arguements, car #1 was deflected to the

right of its direction of motion before impact,

Speed - Vehicle #2

drag factor 0.5296 - 0.7/96

skid distance 123%' (skid narks plus evidence of a
broadside skid)

final speed of car #1 (i.e., speed at which it hit

the pole B) 10 - 30 mph

T

K - = Yot + KB ]
after impactg ‘work at pole
against pol

friction
and uphilil
grade

. 2 v,«/NA i, 2
7 = 4+ vl
Vo F U pole

Czleulated speed range 45.5e» 61,0 mph for Voo



[
e
(D

Speed - ¥ehicle #1

drag factor 0.52%6 - 0.7796

skid distance 7

. . x 0

since there were no sxid mearks after the 180

rotation, the car ney have rolled backwards up the hill.

Using verious conditions, one obteins several possible

[ B
results.

speed range of

"

1. 4 wheels lock for a
125 foot skid to a stop 44 «» 5% mph

<t

2. 180° spin in 15 7
all wheels locked
a 55 ft. skid with
wheels locked and a
55 £t. roll to 2 stop 31« 40 mph

3. 180° spin in 15 ft.
with all wheels locked.
Then a 110 ft. skid with
2 locked wheeis and 2
wheels braking at %
efficiency 384> 47 mph

then
all
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Final Directions of Motion when all
four wheels of each car begin to

#1 is deflected
to the right

to the left



