Decerber 3, 1980

Analysis of the 10 June 1978 accident batween venhlcles
driven by Donald F. Bridges and Charles E. Ash, Jr. on
SR 21 in Wayne, County, Ohio.

Submitted to: Mr. Charles E. Kirkwood

Scanlon & Gearinger Co., L.P.A.
1222 First “ational ‘ower

106 S. Main Street

Akron, Chio L1308

Materials and Information:

10
2.
3

State of Ohio Traffic Crash Report Fo. 76-1632-85.

Yerox copies of photograpns of the accideni scene.

Deposition of Donzld F. Bridges; tzken on 7 July
1980 bvefore William S. Bish, totery Fudblic.

A 1578 Mack tractor has brakes on gll tnree axles
(including the steering axle).

D2 frnluﬂon of Legsl %”ahea from the Chio ievised
Code 11513.20 Brake Equiprent (H2). '

Onefficient of Friction data from the Trafiic
hceident Investigation Manual by J. Stannerd
SBaker (Northwestern Tniversity Traffic Institute).

To determine the spesd of the tractor-traller rig
(vehicle #1) driven by Mr. Bridges just prior to its
impact with the 1973 oldsmobile driven by sr. Ash.

To determine the speed of vehicle #1 at the beginning
of its 86 £t pre-impact skid.

To determnine wnetner Or not the 3ridges vehicle could
have stopned and avoided the impact if it nad remained
in the curb lane and if it had been traveling 50 mph
prior to its 86 ft skid (as ir. 2ridges indicated in his
deposition)e.

To determine whether or not the Bridges vehicle could
have stopped and avoided the impact if had been traveling

50 mph prior to its 86 ft skid and if it changed from



to the =southoouni vas=zing lane alter

1. Pre-imvact spesd of the 3ridges venicle.

Data: 2. Tae trachor-trailer traveled 384 Ft from
impact to its final resting pnosition.

b. ¥r., Bridges stated tazt he had his brakes
encaged from tne +time of impact until he
brougnt the tractor-trziler +o a complete
stop. '

Q

Legal orakes for a tractor-trailer in the
State of QOhio reguire that saii vehicle
must De sdle to stop from 2 speeld of 20 nph
in g%t lerst 40 ft. This conlition resuires
a minimun drsg factor of 0.334 for legal
brakes. ‘

™e energy of motion possesceld by vericle # at
impect was Jiesivatzed 28 work done assinst +the bYrak-
ing force for *the entire 384 T4,
-~ S 3 e 2. -
ouation: v 2 e d
waere V; = the impact speed of venicle 4
At = Tae draz f?gtor o0F 0.334
‘g = 32.2 £t/sec”
d = 384 f%
Result: Vi= 62.0 nph

Comment:

ne speed of 62.0 mph is clesrly a =minitum itpact
speed for the Iridzes vehicle Yecause doth tahe impact
it=elf anl the sudsequent dbroaisiie skidi oFf venicle 42
after 1ipact dissiv~ted some of +the *ractor treiler's
dre~ivp=ct enerev of motion. WNeither wes considered in
the covputation of the vre-impact svesl of the 3ridses
venicle.



2. Speed of the tractor-trailer orior to ifs 56 ft
4
e cC =

ength from the oeg“r 1ing of the

dmark to the end of ths last ore-
~ - 0

mark of veaicle #1 is 86 ft.

b, Me coefficient of friction for rudbber tires
gkidiing on dry traveled =spa=lt from spseds
greater tazn 30 mph is in the range 0.535 to
0.70. (Traffic tcecident Investigstion ¥Feonual)

C. A constant speed of 62.0 1ph is assuned for
veanicle #1 from the end of its pre-impact
sxid until imp=ct.

Caleculation:

Tne energy of motion possessed by the trector-
trailer prior to its 86 f£{ skid is prriielly dissivatesd
against the fricdionsl force netwesn the skidiing tires
and the asopnalt. IT some wheels Jdid not lock they were
bralkine just as eflectively as the locked whesls and the
energy 1s dissipated =s worx 3one =uainat the oralkes,
The rem=~inier o7 the eners~y of wmodion shows up =28 the 62.0
Ton eatl o7 sxli speed.

ntuation: aﬁﬁ' = 2”A4,3 J, + v;z

vhare WV, = epne=d of vehicle # =% tae instant tne
sxild be"dn
A4, = coelTicient of Triction in the ranre
0.55 to 2.7Q
g = 32.2 Ft/sec?
d, = 36 ©t skid
Vv, :6?0”‘?’1(

-—
e
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b
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2asult: Vi, = 72.35 to 75.1 mph
Commentd:

If the tracitor-irailer slowel down 28 it 4raveled
fror tae end of ite 36 ft skid to impect then its pre-
skid soeesd would nave deen grester then the calculeted
renese o 72.5 to 73.1 mph.
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Data: The coefficient of friction between rudbover
tires and dry traveled asphalt from spseds
greater than 30 mph is in the range 0.55 to
0.70. From speeds less than 30 mph it is 1N

the range from 0.60 to 0.80.

™

b. The distance required to change lsnes is approx-
imately equal to the length of the vehicle. Hsre

16;186 length of the tractor-trailer is approximately
ft.

c. The maximum time to react to an already obvious
hazard (vehicle #2 skidding in the curb lane)
and engage the brakes of the tractor-trailer is
0.5 seconds,

d. The distance from the beginning of the 86 ft
skid to impact is 366 ft and the distance from
the front of the tractor to tha rear axle of the
trailer of the Bridges vehicle is 55 ft.

e, The 86 ft skidmarks were left by the tires on
the rear trailer axle of venicle #1.

Calculation:

A. If the tractor-trailer was traveling at 50 moh
prior to ItS pre-impact skid some of its energy
of motion was dissipated Iin doing work against
the frictional force in its 86 ft skid. The
remainder of the energy of motion shows up as
energy of motion at the end of the skid, As a
result we are able to compute the post-skid

speed.
. . 2 Z
Equation : V), = 2/,/, 3J‘ + \/3
where Vo, = 50 mph (speed at the beginring of the
skid)
A = 0.55 to 0.78
9, = 322 ft/sec
Vg = the speed range at the end of the skid.

Result: U3 = 26.4 to 32.9 mph

B. The distance to change lanes is 60 ft.



C. The distance traveled In 0.5 ssconds of reaction
time for a speed range of 2¢.l. to 32.9 mph is
In the range of 19 to 24 Tt.

D. The stopping distance for a skid on dry traveled
asphalt 1n the passing lane from a speed range of
26.4 to 32.9 mpa is determined by considering the
energy of motion as being dissipated vy doing
work against the frictional force,

Equation: V%1': 2. 9 Jé

where V4 = speed range from 26.4 to 32.9 wmph
A = 0.55 to 0.70 from speeds greater tnan
30 mph and 0.60 to 0.80 for speeds
less than 30 _mph.
9§ = 32.2 f t/sec?
d; = stopping distance in the passing lane

from « Speed range of 26.4 to 32.9 mph.

Result: d}= 2% to 66 ft

The total stopping distance from the beginsing of the
86 r+ skid and including the 60 ¢t to change laness, the 19
to 2l Ft to react to the hazard while in the passing lane
and a 26 to ¢6 ft range for a stopoing skid in the passing
lane is in the range 193 to 236 ft. The 3ridgss tractor-
trailer, therefore, could have come to s complete sStop
IN the passing lane between 75 z2nd 118 feet short of the

impact point If it had initially been traveling 50 mph.

Conclusions:

1. The tractor-trailer driven by ¥r. Bridges (vehicle
#1) was traveling at least 62 mph when it hit the
car drivrn by Mr. Ash (vehicle #2).

2. IT vehicle #1 traveled at constant speed from the
end of its 86 ft pre-impact skid to impact; then
its speed at the start of its 86 Tt skid was in
the range of 72 to 75 mph.

a. IT vehicle #1 was traveling at 50 moh prior to its
pre-impact skid it could have stopned between 159
and 192 Tt short of the impact point by skidding
to a complete stop in the curb lane. Therefore,
Mr, Bridges could have avoided the imnact.



4. If vehicle #1 was traveling 50 =mph prior to its
pre-impact skid, it could have stopped betwesn
75 and 118 £t short of the imoact point even if
had changed from the curb lank to the southbound
vassing lane after its 86 ft skid.

Suomicvted by: David L. Uhrich, Ph.D. B
Professor of Physics (Kent State University)

707 Berkeley Dr.
Kent, Ohio U240



