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The P e r f e c t  Case 

Zonsider  a 1976 Oldsmobile C u t l a s s  ($2) which i s  

northbound on Parkview Avenue. It s t o p s  f o r  t h e  s t o p  s i g n  

a t  t h e  T- i n t e r s e c t i o n  o f  Parkview Avenue with P o r t a g e  s t r e e t .  

I t  t h e n  p l l s  o u t  on to  Eor tage  S t r e e t  i n  a l e f t  t u r n .  iit 

abou t  t h e  t ime t h e  C u t l a s s  had c r o s s e d  i n t o  t h e  westbound 

l a n e  of i o r t a g e  a t r e e t ,  i t  was s t r u c k  i n  t h e  f r o n t  by a n  

eas tPounc 1972 Linco ln  C o n t i n e n t a l  (kl) which l e f t  87' o f  

pre-impacx sk idmarks .  d t e r  impact t h e  C u t l a s s  r o t a t e d  c lock-  

wise about  i t s  l e f t  r e a r  and l e f t  marks o f f  t h e  n o r t h  edge of 

i o r t a g e  s t r e e t  w i t h  i t s  f r o n t  wheels  and ended up p o i n t i n g  

g e n e r a l l y  west i n  t h e  westbound l a n e  o f  For tage  d t r e e t .  I t  

had  colnplztea n e a r l y  a 360° r o t a t i o n  and had t r a v e l e d  -48' 

Trox-1 i m p - :  t o  f i n a l  r e s t .  The L i n c o l n  r o t a t e d  coun te r-  

clockwise  about  i t s  l e f t  f r o n t  a f t e r  impact f o r  150° and ended 

up p o i n t i n g  nor thwest  ir, t h e  westbound l a n e .  I t  t r a v e l e d  

kTj9' fror impact t o  final r e s t ,  

(The speed  l i m i t  on k o r t a g e  S t r e e t  i s  35 mph and a t  t h e  

t ime 02 tile a c c i d e n t  t h e  pavement cou ld  be d e s c r i b e d  as wet 

t r a v e l e d  ; s p h a l t ,  The L inco ln  pre- impact s k i d  o f  87 '  occur red  

on a s l i g l i t  3.510 downgrade go ing  west t o  e a s t .  
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There a r e  s e v e r a l  q u e s t i o n s  o f  i n t e r e s t  i n  t h i s  a c c i d e n t .  

Of c o u r s e ,  t h e  n a t u r a l  one i s  how fas t  was t h e  L inco ln  go ing  

a t  t h e  s t z r t  o f  i t s  pre- impact  s k i d .  Two a d d i t i o n a l  q u e s t i o n s  

o f  importance a r e :  

1. ?!here was t h e  L i n c o l n  l o c a t e d  west o f  impact when 
t h e  C u t l a s s  began t o  p u l l  ou t?  The importance o f  
t h i s  q u e s t i o n  a r i s e s  because t h e r e  i s  a view 
o b s t r u c t i o n  for a northbound v e h i c l e  s i t u a t e d  a t  
t h e  s t o p  s i g n  on Parkview Avenue. Th i s  o b s t r u c t i o n  
a r i s e s  because t o  t h e  c u r v a t u r e  o f  F o r t a g e  b t r e e t  
west o f  t h e  i n t e r s e c t i o n ,  t h e  s l i g h t  grade  and t h e  
t r e e s  e t  c e t e r a  sou th  of t h e  s idewalk  on t h e  s o u t h  
s i d e  o f  P o r t a g e  S t r e e t .  
- 

2 .  ;f t h e  L inco ln  had been t r a v e l i n g  a t  t h e  speed l i m i t  
l i m i t  of 35 mph a t  t h e  t ime i t s  d r i v e r  f i r s t  r e a c t e d  
t o  t h e  p resence  of t h e  C u t l a s s ,  where would i t  have 
s topped? 

Analy s i s  

I. C a l c u l a t i o n  o f  t h e  speed o f  t h e  Lincoln  a t  t h e  s t a r t  o f  

i t s  pre- impact s k i d ,  Th i s  c a l c u l a t i o n  r e q u i r e s  s e v e r a l  

s t e p s .  'Tjiey & r e :  (1) Determinat ion  o f  t h e  pos t- impact  

speed of t h e  C u t l a s s  a t  t h e  s t a r t  o f  i t s  48' t r a v e l  a f t e r  

impact ,  ( 2 )  Ze te rmina t ion  o f  t h e  post- impact  speed of t n e  

Cincoln  z.t t h e  s ta r t  o f  i t s  39' t r a v e l  a f t e r  impact ,  

( 3 )  J e t e r n i n s t i o n  o f  t h e  pre-impdct speed o f  t h e  Z u t l a s s ,  

( 4 )  11 s t e p  a c r o s s  t h e  c o l l i s i o n  v i a  t h e  p r i n c i p l e  o f  

c o n s e r v a t i o n  o f  momentum t o  o b t a i n  t h e  speed o f  t n e  L inco ln  

j u s t  b e f o r e  i a p e c t ,  and ( 5 )  a e t e r m i n a t i o n  o f  t h e  p r e - s k i d  

speed 0-? t h e  L inco ln .  

a )  C u t l a s s :  post- impact  speed., 

The C u t l a s s  had t h r e e  f l a t  t i r e s  and d i d  a nea r  360' 

r o t a t i o n  d u r i n g  i t s  48' post- impact  t r a v e l .  iV,ost 
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o f  t h e  p a t h  was on wet a s p h a l t  and t h e  f r o n t  wheels  

s l i d  sideways off t h e  n o r t h  berm for 22’. Here w e  

c o n s i d e r  t h e  energy of motion possessed  a f t e r  impact  

d i s s i p a t e d  i n  i t s  s l i d e  t o  a s t o p .  

b )  Cu.tlass: pre- impact speed.  

The C u t l a s s  s topped a t  t h e  s t o p  s i g n  on Parkview Avenue. 

i t  t h e n  t r a v e l e d  f r o m  r e s t  t o  impact i n - 4 0 ’  t u r n .  

?I^ vie assume normal t o  r a p i d  a c c e l e r a t i o n  for t h e  

t l z n ,  we can  t h e n  compute i t s  pre- impact  speed.  

i i o t e :  If t h e  c o l l i s i o n  were n o t  2 head-on c o l l i s i o n ,  

t h e n  one woilld need t h a t  component o f  t h e  

C u t l a s s ’  c:peed which was a long  t h e  i n i t i a l  

a i r e c t i o n  of t h e  s k i d d i n g  L inco ln ,  The b e s t  

c a s e  f o r  t h e  L inco ln  woul0 be for t h e  C u t l a s s  

t o  iizve C speed i n  t h i s  d i r e c t i o n ,  L a t e r ,  we 

will compuxe t h e  speed o f  t h e  L inco ln  a t  t h e  
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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. 

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

we inay w e  conservation of momentum to obtain the 

pre-impact speed of the Lincoln. 



Mote: If t h e  pre- impact  speed of t h e  C u t l a s s  a l o n g  

t h e  pre- impact  d i r e c t i o n  o f  t h e  L i n c o l n  was 

z e r o ,  t h e n  V2@ i n  t h e  above e q u a t i o n  goes  t o  

z e r o  and Vl0 = 40.6 - 53 .8  mph. 

e )  Tne L i n c o l n ' s  speed a t  t h e  s t a r t  o f  i t s  pre- impact  

s k i d  may be computed by c o n s i d e r i n g  t h a t  p a r t  o f  i t s  

i n i t i a l  energy o f  motion i s  d i s s i p a t e d  i n  t h e  87' 

s k i d  and t h e  remainder  i s  l e f t  over  t o  cause  t h e  

damage and post- impact  motions,  

d , =  8 7 '  

~ \ , o t e :  If t h e  C u t l a s s '  pre- speed a long  t h e  L i n c o l n ' s  

s k i d  u i r e c t i o n  i s  ze ro ,  t h e n  Vlo = 5 2  - 66 mph. 

Ii. * , h e r e  was t h e  L inco ln  0.8 seconds b e f o r e  t h e  87' pre- impact  

s k i d  began? Th i s  d i s t a n c e  can be compared t o  t h e  s t o p p i n g  

d i s t z n c e  f r o m  35 mpn whicn i n c l u d e  thr? d i s t a n c e  t r a v e l e d  

i n  a 0.8 second r e a c t i o n  t ime and a Skid t o  a s t o p .  

a )  3 i s t a n c e  o f  t h e  L inco ln  €rom impact 0.8 seconds  b e f o r e  

i t s  8'7' pre- impact  s k i d ,  
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b )  Sto2,ping d i s t a n c e  f r o m  '35 mph. 

d.., =- 0-  8 V, +. 4 
2A8 

tis z r e s u l t ,  i f  t h e  L inco ln  had  been t r a v e l i n g  35 mph 

a t  this  t ime ,  i t  would have sto,p;pea b e f o r e  t h e  impact  

occurred .  
-. ... LL.I, ',%,e disTance of first s i g h t  t o  .the west ( o f  t h e  irripact 

p o i n t )  for a northbound v e h i c l e  s topped  at t h e  s t o p  s i g n  

on kmkview Liverme i s  255' . i-lere, we w i l l  compute t h e  

ticie r e q u i r e d  f o r  t h e  C u t l a s s  t o  make t h e  t u r n ,  t h e  t ime  

I i - 7- ~ h ?  i i n c o l n ' s  €37' pre- impact  suiid, subtract t h e s e  two 

tir.:ss ::id f i n u  o u t  t h e  l o c z - t i o n  o f  t h e  L inco ln  W'hen t h e  

i:uTiass s t z r t e d  i t s  t u r n .  

a )  ii'ini f o r  t h e  C u t l a s s '  t u r n .  

d, z - &  4 C , I  

e # , = -  Y o '  

e = 4- 4-+ 9 6 ff /rFc 1. 

R P s u l t :  f ,  = 2 . 4 -  4-1 dPC0AafJ.  
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b )  Time for t h e  L i n c o l n ' s  87' pre- impact sk id .  

c >  tl - t2  = 2.05 - 3.02 seconds 

iiote: Here, t n e  s h o r t e r  ( l o n g e r )  t i m e s  a r e  

c o n s i s t e n t  wi th  t h e  h i g h e s t  ( l o w e s t )  p re- sk id  

speed o f  t h e  L inco ln  and tnw, must be sub- 

t r a c  t e d  . 
- 

a )  i j i s t a n c e  t r a v e l e d  by t h e  L inco ln  i n  2.05 - 3.02 seconds 

p r i o r  t o  pre- impact  s k i d .  

2 )  Thus, t h e  l o c a t i o n  o f  t h e  L inco ln  west o f  impact  a t  t h e  

t ime binen t h e  C u t l a s s  s t a r t e d  i t s  t u r n  i s :  
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d5 i- 87' = 316' - 351' (wes t )  

Hote: The d i s t a n c e  o f  f i rs t  s i g h t  west of t h e  impact  

p o i n t  i s  255'. Thus, t h e  L i n c o l n  was n o t  

v i s i b l e  t o  t h e  d r i v e r  of t h e  Cutlass when h e  

s t a r t e d  h i s  t u r n .  

Conclus ions  

1. The speed o f  t h e  L inco ln  a t  t h e  s tar t  o f  i t s  pre- impact  

s k i d  was 25 - 40 mph above t h e  35 mph speed l i m i t .  

2, If t h e  L inco ln  had been t r a v e l i n g  35 mph when i t s  d r i v e r  

r e a c t e d  t o  t h e  C u t l a s s ,  i t  cou ld  hame s topped  s h o r t  o f  impac t ,  

3. The L inco ln  was n o t  w i t h i n  t h e  l i n e  o f  s i g h t  

of t h e  d r i v e r  o f  t h e  C u t l a s s  when he began h i s  t u r n .  
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Jr8lkL- 
D.L. Uhrich 

INTERESTING CASE 

This accident involves three vehicles: a 1973 semi- tractor- trailer,  

a 1974 Chevrolet Nova, and a 1966 Cadillac. I will identify them as 

vehicles numbers 1 ,  2 ,  and 3, respectively. The Nova was making a rather 

wide l e f t  turn and i t  was h i t  by the semi- tractor- trailer on the 

passenger side a s  it crossed the oncoming curb lane. 

Nova spun about 980" clockwise as i t  s l i d  about 32 f t  i n t o  the Cadillac 

which was s t a n d i n g  a t  the l i g h t  w a i t i n g  t o  enter  the intersection. 

The Nova's passenger side struck vehicle i t f3's dr iver ' s  side and both 

vehicles bounced and  s l i d  sideways t o  a s top .  

After impact the 

The t r ac to r- t r a i l e r  l a i d  down 20 ft  o f  skidmarks before the impact 

point, 88 f t  of skidmarks a f t e r  the impact p o i n t ,  began t o  jackknife 

a t  impact, and jumped a six-inch curb w i t h  i t s  right-side front wheel 

and came t o  a stop. 

Figure 1 i s  the diagram from the police report. I t  shows the final 

rest ing place q f  the 3 vehfcles and  indicates t h a t  the tandem axles 

(power axle -mi  l e f t  908 f t  o f  skidmarks. The central 

quest ion  c--. -4 the possible l i a b i l i t y  o f  the driver o f  ,< --/ G L - 7  
the  t r  '>,> 
respons I .  

?ceding, then he was a t  l ea s t  i n  p a r t  

As a resul t ,  my p a r t  in the reconstruction 
c-- -- 

centered on hi.5 .ondary part o f  the reconstruction was 

locating the truck a t  L, instant the Nova began i t s  l e f t  turn. 

By noting the time from the s t a r t  o f  the turn t o  l'mpact for the Nova 

and working backwards from the impact, i t  i s  possible t o  place the 

t r ac to r- t r a i l e r  a t  t h i s  instant.  Then one can determine whether o r  n o t  

i t  had an adequate distance in which t o  s t o p  and  possibly a v o i d  the 
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impact i f  i t  had been t ravel ing a t  or below the speed l imit  (35 mph i n  

this case). 

Figure 2 is  a copy of  my scale drawing o f  the intersection showing 

ve h 

the 

c le  #2 a t  the s t a r t  o f  i t s  turn, vehicles #1 and  #2 a t  impact, and 

f inal  resting posit on o f  a l l  three vehicles. Figure 3 shows the 

intersection and Gilchrist  Road w i t h  several reference poles east  of 

the intersection. 

As it turned out,  the en t i r e  question o f  whether or n o t  the t rac tor -  

t r a i l e r  was speeding rested on the skidmark statement i n  the police 

report .  

due t o  the tandem (power) axles of the t rac tor- t ra i le r .  

the case,, then, as I will demonstrate, the t r ac to r- t r a i l e r  was speeding. 

I f  the patrolman was i n  e r r o r  or unsure o f  his statement a f t e r  

questioning, howevers one could imagine the 108 f t  of skidmarks beginning 

w i t h  the rear wheels o f  the t r a i l e r  a n d  ending a t  the resting position 

o f  the t r a c t o r ’ s  power ax’le, 

approximately 35 f t  from the to t a l  skidlength, T h i s  i s  the distance 

between the rear t r a i l e r  axle and the power axle of  the t ractor .  As 

a r e su l t ,  the total  skid o f  each wheel would have been a b o u t  73 f t  i n  

length. For t h i s  sl’tuation, the calculations show t h a t  the t r ac to r - t r a i l e r  

possibly was n o t  exceeding the speed limit o f  35 mph. 

The Ohio State patrolman wrote t h a t  the 108 f t  skidmark was 

I f  t h i s  was 

In t h i s  instance, one would have t o  subtract 

Mo other witness observed the skidmarks as carefully as the 

patrolman, a n d  no picture taken a t  the scene showed the beginning o f  the 

skid. As a resul t ,  there was n o t  any photographic evidence t o  show 

overlap or the lack o f  i t  a t  the s t a r t  o f  the skidmarks or indicate 

t h a t  the s k i d  was e i ther  108 f t  or 73 f t .  

2 



There was a second question regarding the speed computation. 

I n i t i a l l y ,  the  trucking company said there were brakes on a l l  axles 

(including the steering axle) of the t r ac to r- t r a i l e r .  For t h i s  s i tuat ion,  

the en t i r e  weight  o f  the t r ac to r- t r a i l e r  (TL 24,000 lbs)  would be 

effect ive i n  slowing the vehicle i n  a skid. 

mind and said t h a t  the steering axle was without brakes. 

instance, the 7,000 to  10,000 I b s  carried by the front  axle would n o t  

be effect ive i n  slowing the truck i n  a s k i d .  As a result, w i t h o u t  

brakes on the front axle, the speed a t  the s t a r t  of a skid of a given 

length would have been l e s s  t h a n  the computed speed i f  this axle did 

have brakes. 

Later they changed the i r  

In this 

To be noted here i s  the fac t  t h a t  a l l  of the  action a t  impact and  

afterwards by the Nova and subsequently the Cadillac plays a very small 

role i n  the speed computation of the t rac tor- t ra i le r .  

weight differences between the  Nova and  the t r ac to r- t r a i l e r ,  the impact, 

the 32-ft s k i d  of the Nova, the collision with the Cadillac, and  the 

subsequent sl iding of b o t h  the Nova a n d  the Cadillac t o  a stop only 

Because of the 

account for  about 10% o f  the  i n i t i a l  speed of the  t r ac to r- t r a i l e r .  

The actual breakdown o f  the accident for analysis purposes i s  

l i s t e d  below. As always, we will begin w i t h  the final resting position 

of the vehicles. 

1 .  Determination of vehicle #3 's  speed sideways a f t e r  i t  was 

h i t  on the side by the Nova. Conservatively, the Cadillac 

s l i d  6 inches sideways t o  a stop. 

Determination o f  the Nova's speed j u s t  a f t e r  impact with 

the Cadillac. I t  s l i d  sideways a b o u t  4 f t  a f t e r  impact. 

(Nork-energy re1 a t  ion) 

(Work-energy relat ion)  

2 .  

3 



3. 

4. 

5 .  

6. 

7, 

8. 

9 .  

10. 

~ t e ~ i n a t i o n  o f  the Nova's speed just prior t o  i t s  impact 

w i t h  the Cadillac. 

r e s t  prior t o  impact. 

Determination of the Nova's speed a t  the beginning o f  i t s  

32-ft s l ide and spin between impacts. 

Determination of the t r a c t o r - t r a i l e r ' s  speed just a f t e r  i t s  

impact w i t h  the Nova; t h a t  i s ,  a t  the start o f  i t s  88-ft 

post-impact skid. (Work-energy relat ion)  

Determination o f  the speed of  the t r ac to r- t r a i l e r  j u s t  prior 

t o  impact w i t h  the Nova. 

Determination o f  the t r a c t o r - t r a i l e r ' s  speed a t  the beginning 

o f  i t s  20-ft pre-impact s k i d .  

Determination o f  the distance traveled by the Nova from a 

stopped position a t  the l i gh t  t o  the impact point. 

Determination of the time required for the Nova t o  make the 

t u r n .  

s low  (% 5 m p h ) . ]  

Determination o f  the t r ac to r- t r a i l e r  back from the impact 

p o i n t  a t  the p o i n t  in time when the Nova begins i t s  l e f t  turn 

( u s i n g  the t-r'rne required for  the Nova t o  regotiate the t u r n  

and  the t r ac to r - t r a i l e r ' s  pre-skid speed). 

Here, the  Cadillac i s  taken t o  be a t  

(Conservation of  momentum) 

(Work-energy re la t ion)  

(Conservation of  momentum) 

[Here testimony indicated t h a t  the turn was rather 

4 
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Concl usions : 

1.  The pre-skid speed o f  the t rac tor- t ra i le r  was i n  the range 

from 46 to  56 mph. 

The time for the Nova t o  negotiate the l e f t  turn (49 ft) t o  2. 

impact was 7.9 seconds. 

The position of the t r ac to r- t r a i l e r  7.9 seconds prior t o  

impact was between 522 f t  and 625 f t  eas t  of the impact p o i n t .  

3.  

Comments: 

1, Witnesses placed the t r ac to r- t r a i l e r  a t  the 3rd pole eas t  of 

the  intersection when the Nova began the turn, The 3rd pole 

-is about 580 f t  east  of the impact point. 

consistent w i t h  the resul t  given in 83 above, 

The stopping distance can eas i ly  be computed for the t rac tor-  

t r a i l e r ,  The s t o p p j n g  dl’stance i s  the total  distance traveled 

d u r i n g  the driver reaction time and  0.4 sec brake-lag time 

p l u s  the distance required for  a locked wheel s k i d  t o  a stop, 

Clearly, t h i s  i s  

2, 

Let‘s assume a rather long reaction time o f  1,5 seconds. Thus the 

to ta l  time traveled before brak ing  begins i s  1.5 + 0 .4  = I .9 seconds. 

Consl’der 3 speeds ( d  f distance traveled l’n 9.9 seconds): 

1 -  Speed l imit  35 mph = 51.3 f t /sec.  

d = v t  = ( 5 ~ ~ 3 ~ ( 1 . 9 ~  = 97.5 f t  

M i n i m u m  t rac tor- t ra i le r  speed o f  46 mph = 67.5 f t /sec.  

d = v t  = (67.5)(1.9) = 128.3 f t  

2. 

3. Maximum t rac tor- t ra i le r  speed o f  56 rnph = 82.1 f t / sec .  

d = v t  = (82.1)(1.9) = 156.0 f t  

- 13- 



The d i s t a n c e  requi red  for a locked wheel s k i d  from each o f  the above 
2 speeds may be computer from v = 2pgdlew where 

v = speed 

p = 0.55 c-f 0.70 
2 g = 32.2 ft/sec 

= d i s t a n c e  o f  locked wheel s k i d  a . w e  
d 

Speed: 

1 35 mph = 51.3 ftlsec. 

2 - - (51.3) 
1-w- 2(32.2)(0.55 t-+ 0.70) d 

= 58-4 - 74.3 P t  

2, 46 mph = 67.5 f t / s e c  

- P (67 .5 ) *  
l o w ,  2(32.2)(0.55 ++ 0.70) d 

= 1003.1 t-3 128.6 f t  

3. 56 mph = 82,l f t / s e c  

2 - - (82.1 
dl .w. 2 ( ~ 2 2 ) ( 0 . 5 5 ) c - f  '0.70) 

= 149.5 - 190.3 f t  

The t o t a l  s topping  d i s t ances  a r e  t h e r e f o r e  : 

Total Distance = d -t dl .w 



Range of 

155 f-f 172 f t  

230 - 257 f t  

Speed Total Stopping Distances 

35 mph 

46 mph 

56 mph 306 - 346 f t  

The only conclusion i s  t h a t  the t r ac to r- t r a i l e r  could have come t o  a 

complete s top  a t  l ea s t  175 f t  east  o f  the impact p o i n t  even i f  i t  was 

traveling a t  56 mph, 
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Victim 5r81i  tall = 68If tall 

Center of 
Mass is 

34" high 

3 s" 

Victim thrown 50'7' '  

Victim falls 34" = 2.83'  

2 d = v t + &at 
0 

2,83' = S(32)t 2 

2 t = 0.1759 

t = 0.419 sec 

Distance thrown is 5Ot7I1 

Assume no air friction to s l o w  the horizontal travel 
of the victim 

= 120.7 ft/sec "vic 
If perfectly elastic collision, then no energy l o s t  

to deformation. 

Before Conservation 
of Energy (1) After 

I- (w) 
energy lost 
to deformation 



2 

Conservation 
o f  ?<omentum (2) MVo = MY + mv v i e  

Algebraical ly  e l imina te  V (Speed o f  t ruck  a f t e r  impzct) 
f r o m  (1) ( 2 ) .  

The r e s u l t  i s :  

(Speed of 
Truck 
Before t h e  
Co l l i s ion)  

'vie 
v5= -(l 2 + 

If W)O, then Vo i nc reases  -- 
So t h i s  Vo i s  a minimum speed 

Weight o f  v ic t im = mg = 150 l b s  

Weight of  t ruck  = Mg = 4770 l b s  

150 j (1 -k - 4770 -yo - 2 
120.7 - 

Yo = 6 2  f t / s e c  

Vo = 42 mi/hr 1Wnimun be c ;ius e : 

1. Allowed no air  f r i c t i o n  
or dragging along the ground 
t o  slow down the  v ic t im 

2. ;tie zllowed no loss of  energy 
due t o  deformation o f  truck 
or vic t im i n  t h e  c o l l i s i o n  
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X s sunp t i o :n s 

7 -. B o t h  CELTS xent  f ro rn  0 -to speec! of impact w i t h  
constant a c c e l e r a t i o n  

2. Both c a r s  came t o  a full stop with driver a b r e a s t  
at the Stop sign - 1 6 ’  2ro;n the edge of t h e  c r o s s - s t r e e t  

C z r  $1 gushed s ideways  out oi” i t s  o r i g i n a l  l a n e  

7 r o n t  wheels rnoved 14’ west 
- xear  wheels  noved 9’ west 

Average d i s - c m c e  pushed 14’ 3- g1 = 11.5  1 
2 

Cry t r m e 1 1 e 5  a s p h a l t  

//q = .55 - .70 



Use C o n s e r v s t i o n  of i,lornen bum 

during; t h e  Collision ( z long  eas t- west  d i r e c t  ion) 

1 S e f o r e  A f t e r  
1 

= ",VI 4- m v 2 2  

1 
2 

Ini 4- L y f  
i %* 

z e s t  c2se f o r  $2 i s  i f  v (speed. o f  $2 a f t e r  impact) i s  0 

Recall 'vi - - rng 
so f n = \ r !  

' = 13.7 - 15.5 : n i / h r  v1 

l ~ i n i : c u ~  Ee.nge o f  speeds  f o r  T r 2  just before  impact is 

is - 2i rni/hr 



3 rni/hr = 4.4 ft/sec 
5 n?i/hr = 7.3 f t / s e c  

.$1 (7.3) '  = 2a(3S) 

51 = 76a 

ti, = - 51 = .67 ft/sec 2 
76 

(4.4)2 = 2a(18) 

18 = 36. 
r 

77 - vo = at 

ii 1 7.3 = (.67)t 

t ,  = = 10.9 sec  
67 

,if 2 4.4 = .5t 

t, = 4.4 = 8.8 sec  
- 
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Xinematic Z q u a t i o n s  -- These equations a r e  used when 
a v e h i c l e ,  pedestrian, or a 
rnotorcyc1.e r i d e r  becones  a i r b o r n e .  

- - -  d v- fi .na.1 + i T i n i t i s l  
2 aT”rer&cre - t - 

0 
1) V- 

d = d i s t a n c e  
t = t ime 
V = v e l o c i t y  

- 
Vf - ‘ f ina l  
v .  = v 
1 i n i t i a l  

a = a c c e l e r a t i o n  

S o l v e  (1) and (2) for - 1 ami eqv.ate 
-L 

L i 

- vi 2d v, = v i  $. a t  = - - 
i A ,t 



C o n s id e 1- 

Cancel r n '  s 

$V = N g d  

K u l t i p l y  by 2 

v2 = 2pgd 

2 

Take 5;quare S o o t  

2 L e t  g = 32.2 f t / s e c  

/ ~ 4  = d r a g  f a c t c r  

d = d i s t a n c e  i n  feet 

v = speed i n  f t / s e c  *', v =  Lr=z2-= i - z ;  m 
Conver t  t o  mi/hr by d i v i d i n g  by 1.47 

s o  speeci i n  mi/hr i s  v = 5.44GT 
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(ii '2) iviotorcycle r i d e r  k i l l e d .  

Dr ive r  o f  c a r  (#/l) c i t e d  for i l l e g a l  t u r n  - prosecu ted  

No s k i d  marks. 

for v e h i c u l a r  manslaughter.  

Therefore ,  no evidence t h a t  Motorcycle slowed down. 

Speed l i m i t  s i g n  wel l  e a s t  o f  H i l l  C re s t  i s  50 mi/hr. 

Wow long  f o r  ##l t o  make t u r n  f r o m  h i s - l a n e  s o  he  ge t s  
_. a c r o s s  t h e  oncoming lane .  

Dis tance  i s  about 2 c a r l e n g t h s  t o  make a tu rn .  

Turn d i s t a n c e  i s  3 2 '  3 

5 mi/hr = 7.3 f t / s e c  

32 7.3 = 7 

32 - _  

7.3 t = - - 4.38 sec  

P e r s o n a l  experiments 

t = 4 sec  

Was t h e  d r i v e r  o f  #1 committed t o  t h e  t u r n  before  h e  
perceived any danger from t h e  motorcycle? 

Experiment a t  scene 

I g o t  on 1 knee a t  po in t  o f  impact. 
I am then  about eye- leve l  wi th  t he  d r i v e r  o f  a car. 
I had my wife walk away frorn me up the  h i l l  c r e s t .  

Then found po in t  o f  which I could no longer  s e e  h e r ,  
Repeated the  e x p r i n e n t  having h e r  walk towards me. 

Po in t  where I c o u l d n ' t  s ee  h e r  f e e t  was h i l l  c r e s t .  

1. H i l l  c r e s t  286'  from p o i n t  o f  impact. 

2, Po in t  o f  f i r s t  p o s s i b l e  pe rcep t ion  02 4' o b j e c t  
388' Trom po in t  o f  impact.  



2 

When d i d  d r i v e r  o f  c a r  1st  perce ive  danger? 

It i s  hard t o  judge speed when a c a r  or motorcycle 
or anything is  coming d i r e c t l y  towards you. 

Why? To judge speed one needs t o  es t imate  a d i s t a n c e  
d iv ided  by a t ime.  

IT observer  t o  t h e  s i d e ,  he  can e s t ima te  d i s t a n c e  f r o m  
k - B (e.g. ,  between 2 t r e e s  and judge t h e  t ime o f  
t r a v e l  t hen  

Because Depth p e r c e p t i o n  i s  n o t  good - i t s  h a r d e r  f o r  
us  t o  e s t ima te  d- is tances  as we l o o k  between 
r e f e rence  p o i n t s  a long  OUT l i n e  o f  v i s i o n .  

2Aharder t o  e s t i m a t e  v = -  d 
t 

C e r t a i n l y  could no t  judge t h e  speed o f  t h e  motorcycle 
u n t i l  i t s  over t h e  h i l l  c r e s t  and on t h e  way down t h e  
h i l l .  

Say i t s  86' over t h e  c r e s t  and 200' f rom p o i n t  o f  impact .  

(fissunption ! 3) 

N O W  assume Driver  of Cycle going va r ious  speeds.  

T ime  t o  
t r a v e l  200' 

60 mi/hr = 88 f t / s e c  
55 mi/hr = 80.7 f t / s e c  
50 mi/hr = 73.3 f t / s e c  
45 mi/hr = 66 f t / s e c  
40 mi/hr = 58.7 f t / s e c  
35 mi/hr = 51.3 f t / s e c  

2.27 s e c  
2.48 s e c  
2.72 s e c  
3.03 s e c  

3.4 s e c  
3.9 s e c  



3 

So if car d r i v e r  pe rce ives  danger o r  a hazard a t  200' from 
po in t  of impact t h e n  he i s  committed t o  t he  t u r n  
before  he p e r c e i v e s  t h e  hazard for t h e  above speeds  
o f  t he  motorcycle,  

From the  damage o f  t h e  v e h i c l e s ,  can I say who was a t  f a u l t ?  

;:/hat i f  t h e  motorcycle had slowed down without  sk idd ing?  

Is t h e r e  a r ea sonab le  doubt as t o  t h e  g u i l t  of t h e  d r i v e r  
o f  t h e  c a r ?  
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l jry t r a v e l l e d  a s p h a l t  

Assume speed g r e a t e r  t h a n  30 mph 

C o e f f i c i e n t  o f  f r i c - t i o n =  0.55- 0.70 

Skid  d i s t a n c e = 8 0  f t  

Lssume a h o r i z o n t a l  s u r f a c e  

Assune all four whee l s  l o c k  

Assane c m  s k i d s  t o  a stop 

- Kit: = Nork done against  f r i c t i o n  

zmv2 1 =pmgd 

v+ v 
f r i c t i o n  d i s t a n c e  through which 

f o r c e  i t  a c t s  ( s k i d  d i s t a n c e )  

m's c a n c e l  

s o  &v2 =/ugd 

v2 = 2Agci 

v 2  = 2 ( . 5 5 ) ( 3 2 ) ( 8 0 )  

v 2  = 2816 

/M= .55 

v2 = 53 x 53 

,&if= .70 

v = 53 = 36.1 mi/hr 
1 .47 

v'= 2 (  . 7 0 ) ( 3 2 ) ( 8 0 )  

v2 = 3584 

-? = 59.9 x 59.9 

v = 59.9 f t / s e c  

v = 59.9 = 40.7 x i / h r  
1.47 



c 15' 

T h i s  i s  a decimal and equal 
t o  t h e  s ine  where B i s  t h e  
angle of t h e  g rade  

m ' s  s t i l l  cancel 

s o  v2 = '($44 %grack)gd 

S k i d  uphill 

JM= 055 v' = 2 ( h ( i  %grade)gd 

V' = 2(.55 -i- .05)gd 

V' = 2(.60)(32)(&0) 

v2 = 3072 



v = 57*7 f t / s ; ec  

v = 79.2 mi/hr  

Range of speeds 

A 



Car #1 h i t s  ca r  $2 and both slide (stlxck t o s s t l i e r )  f o r  20' 

Compute speed o f  $1 ami  $2 th?_e i n s t a n t  a f t e r  t h e  collision 



Before  AZter 

m l v l  + m2(c) = (ml + n 2 ) v  

v e l o c i t y  o f  veloci t : ;  v e l o c i t y  o f  
1 b e f o r e  of 2 ccmbinatian 
collision b e f o r e  a f t e r  t h e  
(zt end of collision collision 
813' skid.) 

ml = 3000 
3 2  

n2g = 4000 lbs 

= -55 v = 26.5 ft/sec 

v1 = ~(26.5) 7 

v1 = ~(29.9) 7 

= 61.8 ft/sec (43.2 mi/hr) 

= 63.8 ft/sec (47.6 mi/hr) 

/,A4 = 070 v = 29.9 f t / s e c  



m- -- - -. - i i .  
I 

J /+-- so - 
I 

against slr id 
friction 

2 
initial = 2816 -I- 3819 v. 

.- 

vinitial = 81.5 ft/sec 



Spe eci. r ange  

80' s k i u  no c o l l i s i o n  

76 - 41 m i / h  

Pt.a.ge 

= .55 - .70 

speed rznge  

80' s k i d  + c o l l i s i o n  w i t h  a h e m i e r  c a r  i both s l i d e  

a n  a d d i t i o n a l  20' 

55 - 63  rni/hr 



2 half' c lockwise  turn and ended up i n  t h e  centsr of t h e  

nor thbound l a n e s  fat; irig sout 'n .  





2. The d r a g  f a c t o r  o f  1.18 which was riieasured by tine p o l i c e  
o f f i c e r  i s  complete ly  unreLsonable. The p o s s i b l e  v a l u e s  
of tiie c o e f f i c i e n t  o f  f r i c t i o n  f o r  dry  a s p h a l t  a r e  g iven  
by t h e  Trar^fic  Accident  I n v e s t i g a t i o n  Xanual as f a l l i n g  
i n  t h e  range 0.45 - 0.70. 
a c c i d e n t  r o a d  i s  7.96%. Ykiu.s, t he  d rag  f a c t o r  l i e s  i n  
the range 

The % u p h i l l  grade of  t n e  

0.5296 - .7'796 

r 

A S 2 r e s a l t ,  t h e  o f f i c e r ' s  Computations o f  t n e  speeds  
were wrong and i n  each case  gave a v a l u e  which was 
t o o  high.  

e .  * 

f L , .  
,k 

. _  )<:itin S t e p s  i n  t h e  Analysis  

The c e n t e r  o f  g r a i t y  o f  an  ob jec t  ( r u l e r ,  p e n c i l ,  or 
c a r )  i s  the  p a i n t  where one can balance tne o b j e c t .  
Khen t h e  object is  balazced a t  this p o i n t ,  t h e  f o r c e  
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The cen te r  of g r a v i t y  o f  zn o b j e c t  ( r u l e r ,  p e n c i l ,  c a r ,  
e t c . )  w i l l  t r a v e l  i n  a s t r z i g h t  l i n e  once the  o b j e c t  
beg ins  t o  s k i d  or s l i d e .  -my  r o t a t i o n  tns,t o c c u ~ s  w i l l  
be about t he  c e n t e r  o f  g r a v i t y  and no t  a f f e c t  t h e  d i r e c  
of t h e  s t r a i g h t  line motion. Becall what happened whe:cl 
fell th=. f i r s t  t i n e  you were on i c e  s k a t e s .  A l s o ,  
g i v e  your p s n c i l  a s p i n  j u s t  as you push i t  a c r o s s  
y o i z  desk. 
l i n e  

It s p i n s ,  bu t  s t i l l  t r a v e l s  i n  a s t r a i g h t  

tion 
you 

Here, c a r  n-2 v i s  h i t  i n  t h e  r i g h t  r e a r  and i t s  e .  o f  g. 
begins  a clockwise r o t a t i o n  p ivo t ing  about t h e  r i g h t  
f r o n t  whes l .  
of t h e  c.  o f  g. i s  i n i t i a l l y  t o  the  l e f t  of t h e  d i r e c t i o n  
of mo-tion before  impact. 
sk idd ing  and c a r  %1 must con t inue  traTJeling i n  t h e  
d i r e c t i o n  o f  motion t h a t  t h e  c. of g. had sL;hen t h e  p i v o t  
wheel begins  s l i d i n g .  
slricl i s  t o  t he  l e f t  of' i t s  i n i t i a l  d i r e c t i o n  o f  motion 
a t  impa.ct. Tne n e t  r e s u l t  i s  t h a t  c a r  32 must hav? been 
headed cross- lane towards t h e  e a s t  curb before  impact 
By s i m i l a r  zrguements, c a r  i?l was  d e f l e c t e d  t o  t h e  
r i g h t  o f  i t s  d i r e c t i o n  o f  a o t i o n  before  impact,  

Thus, a f t e r  impact t he  d i r e c t i o n  o f  n o t i o n  

Then a l l  four t i r e s  beg in  

lis 2 result, t h e  d i r e c t i o n  o f  + 2 ' s  

2. Speed - ' Iehicle $2 

drag  f a c t o r  0.5296 - 0.7796 
s k i d  d i s t a n c e  123' ( s k i d  na rks  p lus  evidence o f  a 

broads ide  s k i d )  
f i n z l  speed o f  c a r  $1 ( i . e , ,  speed a t  which i t  h i t  

tlie p31e Z j  10 - 30 mpn 

-7 --, 
k 14, I = v i  + mat pole a f t e r  irnpac T work 

a g a i n s t  
f r i c t i o n  
and u . p h i i l  
grade 



1. 

2. 

3 .  

4 wheels l o c k  f o r  2 
125 foot skid to a s t o p  

180' spin in 15 I"+. 
211 wheels locked t h e n  
a 55 f t .  skid w i t h  all 
wheels  locked  2nd a 
55 ft. roll t o  2 s t o p  

180 s.pin i n  15 f t .  
w i t h  all wheels l o c k e d .  
Then a lli) ft, skid with 
2 l o c k e d  wheeIs avld 2 
wheels b rak ing  a t  -2 
e f f i c i e n c y  

0 

31 e+ 40 mph 

38 4'7 mph 
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