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NATTONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D. €, 20594

SPECIAL INVESTIGATION
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METROPOLITAN COACH CORPORATION, CRARTER BUS ACCIDEN]
BETHESDA, MARYLAND, OCTORER 11, 1975

On October 11, 1975, about 9:05 a.m., a charter bus owned and
operated by the Metropolitan Coach Corporatfon vas casthound, in heavy
raln, uvn Interstate %95 in Bethesda, Marviand. As the bus negotiated
1 curve to the ripht at 50 mph, the rear wheels of the buee lost traction
and the rear of the bus began to slide from sfde to side. In its final
slide to the right, the bus rotated counterclockwise 1607 and contacted
the guardrafl. The bus rolled over, rotatea 270° about fts lonpitudinal
axis, and landed on fts lefe side in a roads ide ravine., Of the 29 bus
occupants, 26 were injured.

The National Transportation Safety Board deterwnines that the probable
cause of this accident wis the inadequate frictional ceefficient between
the tires and the pavement: the frictional coefficfent conld not resist
the centrifugal force of the bus as {t traversed the curve at the pested
speed Himit,

FACTS

The Accident
On October 11, 1975, about 9:05 a.r., « charter bus owned and operated

by the Metropolitan Coach Corporation was casthound, fu heavy rain, on

Interstate 495 (1-495) in Bothesda, Marviad. The bus wis transporting

29 nersons between Chesterfield, Virginia, and Riverhead, New York.

The driver and passengers stated that as the driver attenmnted to
negot fate a right curve in the road at 50 mph, the rear of the bus began
te slide toward the left, and the driver cerrected the hus' movement.
The bus slid to the right and then to the left.  Immediatelvw after the
bus fishtafled, it rotated ccunterclockwise 160° until fts right tront
contacted the medfan puardrafl.  The bus roltled over and ratated 2707
clockwise abour its longitudinal axis before it came to rest about
20 feet bevond the guardrail in a roadside ravine.

0f the 29 occupants, 26 were Injured.  The most serious fnjurirs
wore once lep fracture, one back injury, and one factal lacceration,
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1-49% circes Washington, D.C.; the roadway at the accident site
has a 9° S1' ripht curve with a 1,091-foot radius, There are three 12-
toot-wide castbound lanes.

The road surface is bituminous concrete.  The Marviand State Roads
Commission's "as-built drawing” fndicates that the superelevation on the
curve is 0.06 fe/ft. The Marviand Hipghway Adnintstration conducted
ball-bank tests after the aceident; readings from these tests were 8° at
50 mph and 3° at 30 nph.

At the request of the Natioaal Transportation Safety Board, the
Maryland State Highway Adninistration conducted skid tests on Uctober 29,

1975. The results of these tests are as follows:

Frict donal Coef ficient at Ag cident Site

Test Speed

- W

30 (. 46
40 .16
50 0,30

The Federal Highway Adninistration recommends that road surfaces
have a minfmum skid number 1/ (3N) of 37 (0,37 coefficient of friction)
for a mean traffic speed of 50 mph and an SN of 31 (0.31) for a nean
traffic speed of 30 mph.

The average annual precipitation at the accident site fs 3.0
fnches.  The two alrports near the accident -- Dulles International
AMrport and Natfonal Afrport -- reported that during 1970, more than
G.01 inch of precipitation occurred during 107 days at Dulles and 11}
davs at Nationat, 2/

NE Un November 14, 1975, t.c¢ Baltimore division administrator of the

.QS}; Federal Highway Administration reported to the regional administrator
v that the ADT (average dafly traffic count) at the accident site was
b 21,200 in 1973 and 27,800 in 1974, (See Appendix.) He also reported
H%ﬂ‘ that there were 70 accidents between 1970 and 1974 {n the arca of the
AW agccident., Fifty-four percent of these accidents occurred on wet

pavement and 56 percent were attributed to speed.  Ihirty percent of the
aecidents in 1970 acecurred on a wet surface, Wet-pavement acceidents
increased to 80 peveent In 1973 and dropped to 75 perceat in 1974,

e U - e e e = A A s mmoa w - - - - Cm e ok w om ow s e A= m aaa

1/ Highﬁﬂ§_33¥6}§"Prograﬁ.ﬁlhhﬁhrd Number 12, pahu iv-9,
2/ Climates of the States, Volume 1, Eastern States, Water Information
enter.
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The Vehicle

The vehicle was a 1904, GNC-PDANVG, 2-axle, fntercity bus which a3
owned and operated by the Metropoliton Coach Corporation of Richmond,
Virginit., lts estimated weight at the tine of the accident was 20,9395 .ios
(7,390 ths front and 13,54% 1bs rear). lts odometer indicated 1,255,059.4
riles.  The slack adjustor push rod traveled 1 /2 inches at atl wheel
brake posfitions,

Mther than accident~induced damage,
rechanical condition,

the bus appeared to be in good

The depths of the tire treads when the accident cccurred are shown
below:

Position

A LR e T

Right Front

Left Front 18
l.Left Rear Qut 5k
Left Rear In 4%
Right Rear Cut h
Right Rear In 6

*Regroove
ANALYSIS

Several factors could have caused the driver to lose control of the
bus as he was negotfating the curve, These factors include vehicle
defects, hvdroplaning, a reduction in the bus' turn radfus, a bunp or
depression in the reoad surface, a brake appifcatien by the driver, or an
inadequate frictional coefficient between the bus tires and the pavemont
surface. The examination of the bus did not disclose anv defects that
would have caused the loss of control, Hydroplaning was discounted for
two reasons: (1) The 0,06 ft/ft superelevation provided sufficient

slope for water drainage and (2) the caleulated hydroplaning speed for
the bus was 89 mph.  This speed is much predater than the speed capabilfity
of the bus,

1f the driver had turned to the right more than was necessary to
follow the curve, Lt weuld have [nereased the centrifupal force of the
hus. Based on the driver's statument, there s ne reason to suspect
that he fnftially reduced Bis turn radivs efther to chanpe lanes, to
take evasive action, or to avold other vehfcles, However, after the bus
lost lateral tractfon, the driver's attenpts to control the vehicle's
course bv vversteering could have affected veblcle control adversely.
The driver appurars to have been unable te correct the bus' slide; this
may account fer the vehiele's observed fishtailing,

................................................

tread depth of /32 inch.
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If the bus hit a bump or depression, the momentary loss of load on
a wheel could have contributed to the loss of traction; however, since
fnvestigators could not find any pavement surface irregularities, this
possibilicy vas discounted.

At some point after the bus lost {ts lateral traction, the driver
probably braked. Even though the vehicle brakes were adjusted properly,
the braking and centrifugal forces would have affected lateral stabiliey
adversely. Differences in the frictional characterfstics of the hus
tires could, and possibly did, create a lateral {mbalance during brakiny,
which could have contributed to the driver's inability to regain controel,
However, the effects of vehicle braking after traction was lost cannot
be analvzed because it is not known when or how the brakes were used.

dased on the interrelationship of the curve radiug, the supervievation,
the pavement, and the tires, and based on the accldent record at the
site, the Safety Board concludes that the Enadequate frictional coefficient
hetween the pavement and the bus tires causced the busdriver to lose
control. The rain made the pavement surface too slippery for the bus
tires to withstand the centrifugal forces preduced as the bus negotiated
the curve at 50 mph and, as a result, the bus bhepan to slide,

Curve 'R‘n_yjni us vs. Su P_L_'}l'.e}.t vat fon

The purpose of superelevatfon Is to produce a banked curve which
reduces lateral forces on a velilcle.  These feorces tend to cause outward
skiagding. The roadway's 0.06 ft/ft superelevation conforms with aceepted
hiphway design practice. 4/ Accepted design criteria sugpest that the
superelevation should not be more than 0.08 ft/ft in areas vilnerahle to
fee and snow because slow-moving vehicles may stiee, laterally, down a
banked curve If it §s covered with ice,

However, calculations performed by the Sarety Beard show that the
superelevation which would have produced no lateral load and no lateral
siiding at 50 mph would have been (.15 ft/tt, more than twice the actual
supere evation,

The reason for benking curves at less than the slope optinmum for
posted speed is understandable.  However, paverent surfaces which do not
have enough superelevation through a curve must have a fictional coef-
f{cient high enough to prevent velifcles from sliding covard the outside
of the curve at posted speeds,

!6‘/-‘_ ;\J{S-"T-(}; -t\' -p‘ﬂ-‘_i.(;}" ﬂ—ﬂ— —I}.(.'-H-l_g.ll- —U.f- _l"r.l)-a-nh ‘H‘i'}:h.w.il.}'-ﬁ- ‘\'l.ll}!b .1\-1'1.(';!'-(.';1- ‘S—{l’t'—t"t ..‘-i-,‘ o
1973, pg. 324, 325.




When the 20,935-poun 5 attemptlcd to negotiate the curve, a
calculated force of 3,199 ds was pushing {t laterally toward the
outside of the curve. ThifiPalculation {s supported by the 8°, 50-mph,
ballbank reading made dur the October 29, 1975 tests, The calculated
frictional value between tires and the pavement would have had to be
0.153, or more, for the bu¥ not to lose traction in rounding this curve
at 50 oph.

Frictional Coefficient

———

The frictional force which resisty the centrifugal force that tends
to cause vehicles to slide is represeated in the formula F = uN, in
which F . quals the frictional or resisting force, u equals the coefficient
of frictinn at the tire-to-rouad surface, and N equals the force which
pushes down to the pavement. The resultant coefficient of friction is
dependent upon the surface characteristics both of the tire and of the
pavement,

Curve A {See Figure l.) indicates the pavement's fricticnal coefficient
as determined by the Maryland State Highway Administration's October 29,
1975, tests. Curve B indicates the calculated tire-to-pavement frictional
coefficient at which the rear axle's tires would be expected to lose
lateral traction. Curve C indicates the calculated tire-to-pavement
frictlonal coafficient at which the bus would be expected to lose lateral
traction. Curve D indicates the recommended minimum frictional values
for mean traffic speeds as tested at 40 mph, in the Highway Safety
Program Standard Number 12.

At all frictional values to the right of curve B, the bus should be
stable and under lateral control. At 50 mph, the bus should be under
control with any frictional coefficient above 0,237. Curve A indicates
that the frictional coefficient under American Society for Testing
Materials (ASTM) test E-274 was 0.30 at 50 mph,

I1f the bus needed only a 0.237 frictional coefficient to resist the
lateral forces which resulted from centrifugal force, and the test value
was 0,30, the accident should not have occurred. Since the accident did
occur, elther the ASTM test values du not represent actual bus tire-to-
road frictional coefficients o some other dynamic factor caused the bus
to slide.

The Safety Board believes that the actual frictional coefficient at
the bu. tire-to-pavenment interface was less than the 0.30 measured in
the ASTM test.

In order to determine why the ASTM test value for the frictional
coefficient differed from the actual coefficient, each variable important
to determination of the frictional coefficient was reviewed. These
variables were the pavement characteristics, the amount of water on the
pavement, and the surface characteristics of the bus tire and the test
t:re. The pavement characteristics were eliminated as a variabie because
they were the same at the time of the accident and the time of the test.




LATERAL TRACTION ANALYSIS OF BUS ON1,091-FT RADIUS CURVE;
0.06 F/rr SUPERELEVATION,GVW-20,935 LBS.,REAR AXLE 13,943 LBS.

—

1 3))
o
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In the ASTM test, a test tire on a trailer is dragged over the
surface which is bejag tested. The test tire is not permitted to rotate.
Water is deposited on the pavement ahead of the tire. The 0.06 ft/ft
supereloevation at the accident site provided sufficient slope so that
wiater would not accumilate on the surface but the pavement would be wet. h
The anount of water on the pavement should have been almost equal at the g
time of the accident and the time of the test. =

The remaining variable is the surface characteristics of the test
tire and the bus tire, Tire manufacturers can use rubber compounds to
produce a tire which has good traction but wears quickly, or they can f——1-4
use 4 harder rubber compound to produce a tire which has relatively poor ‘
traction but wears well. The exact divference between the traction of
the bus tire and that of the ASTM test tire is unknown. The lateral-
traction aralysis chart indicates that the difference must have been .
considerable, (See Figure 1.) The ASTM tire gave a coefficient of 0.30; .
however, che calculated coefficient with the bus tire at breakaway was -
0.237. 1]

J
;

Tr. 1962, the Virginia Council of Highway Investigation and Research :
tested the stopping distances of various vehicles at Tappahannock, |
Virgiaia., 5/ Five passenger vehicles and a typical intercity bus, all
equinped with tires manufactured w':h the ASTM-17 test tire rubber composi-
tion, were tested on five differeac frictional coefffcient surfaces. At by~
one test site, tests also were run with comnmercially available truck and V; .
bus tires. All the tests were run on wet surfaces, |

The results showed that for sites 1, 2, 4, and 5, where all the vehicles
were equipped with ASTM rubber-composition tives, the stopping distances for
all vehicle types were simflar at comparable speeds and on surfaces with
comparable frictional coeificients (See Table 1.) However, at site 3, where
the bus was equipped with commercially available tires, the stopping distance
for the bus was twice that of the other vehicles., The report concluded:

"“#3. Size of passenger vehicle, from compact car to bus, does not
widely influence the ability of the vehicle to stop during an emer-
gency skid 1f all vehicles utflize the same general type of tire tread
and a similar rubber composition. The ability of variocus size vehicles
to stop when utilizing their normal type of tire was not established in
the Tappahannock study and is a question needing further research."

Federal Motor Vehicle Safety Standard (FMVSS) 121 requires that antilock-
equinped vehicles be capable of stopping in 35 fect at 20 mph, 72 feet

at 30 mph, and 183 feet at 40 mph on a surface with a frictional coefficient
of 6.75. 1In the 1962 Tappahannock tests, a bus which was equipped with

S/ ASTM Specifal Technical Publication Ne. 366, "Measuring Road Surface
Slipperness.”
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ASTM test tires and with a conventional braking system stopped in less
than hatt the distance required of a bus equipped with antilock hraxes
and with standard tires, This demonstrates that the traction capability
(rubber composition and tread design) of a tire has a predominant effect
on the stopping capabilities of motor vehicles.

Accident Record

The accident record at the site since 1970 suggests that the frictional
characteristics of the pavement surface, when wet, deteriorated steadily.
The increase in wet-pavement accidents {s significant, considering the
fact that the pavement was wet less than 30 percent of the time. Also,
the high rate of wet-surface accidents at the sfte, when compared to the
statewide wet-surface acecident rate of 20 to 30 percent, 6/ and the
inadesuate test value of 0.30 to 50 mph suggest that not only is the
accident site more slippery than others, but that the pavement surface
should be corrected,

The 0,30 tested value at 50 mph is less than the 0.37 recommended
by Highway Safety Program Standard No. 12,

The State of Maryland had available the accident data for this
location and the location's high rate of wet-pavement accidents was
recognized. Police, salvage operators, and rescue crews who responded
to the accident commented on the frequency of accidents ar the site.
However, it appears that the State of Maryland had not recognized the
significanc: of the accident data or had not acted upon it.

Highway Safety Program Standard Ne. 9, "ldentification and Surveillance
of Accident Locations,'" requires cach stite government to have a program
(1) to ideatify accidents; (2) to produce an inventory of high-a-cident
locations, of locations where accidents are increasing, and of desipn
and operations features which are associated with severe acclidents and
high frequencies of accidents; (3) to take appropriate measures to
reduce accidents: and (4) to evaluate the effectiveness of safety improve-
ments. The provisions of this standard, when related to the available
acclident record, suggest that corrective measures would have resulted
several years before the accident occurred had Program Standard No. 9
been followed,

The installation of a "S)l{ppery when Wet" warning sign since the
accident occurred attests to the Marvland State Highwavy Admindistratioen's
concern regarding the accident site. However, Safety Beard investigators
evaluated the effectiveness of the sign and concluded that {t iacked the
prominence necessary to be -o1 ced by notorfsts. Additionatly, they
concluded that the speed lima on the approach to and at the accident
sfte is too high, given the reduced frictional coeffictent.

6/ Memorandum from Baltimore Divisfon .o\dra‘inis.tm‘t({r—,‘ Federal "!I‘l‘gnln.'_u',\'
Administration, to Reglional Federal Highway Administrator.

-y o
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CONCLUSIONS

There were no aosparent vehicle defects that contributed to the
accident.

The curve was sharp and the road surface through the curve was
slippery vhen wet,

Based on witness statements, the bus did not exceed the 50-mph
posted speed limit. However, the speed limit was too high for the
low coefficient of friction between the roadway surface and the
venicle tires.

The low frictional coefficient caused the bus te lose traction
and slide outward on the banked curve.

The 0.06-ft/ft superelevation of the curve was theoretically
less than lalf the superelevation needed to eliminate lateral
vehicle loads at 50 mph.

The tested frictional coefficicont of 0.30 at 50 mph on the accident
site's wet roadway {s less than that recommended in Highway
Safety Program Standard No. 12,

The ASTM skid test vielded a frictional coeffictient of 0.10 for
the accident site, but the actual frictfonal coeffictent of the
bus tire and roadway surface was 0,237; the difference in results
was caused by the difference in traction capabiiity of the test
tire and the bus tire.

The State of Marviand accident records indicated that the frictional
coefficient of the roadway nh.ud deteriforated steadily since 1970,

PROBABLE CAUSE

The National . .asportation Safety Board determines that the probable

cause of this accident was the Inadequate frictional coefficfent between
the tires and the pavement; the frictional coefficlent could not resist the

centrifugal force of the bus as {t traversed the curve at the posted speed
limfc,

RECOMMENDATIONS

As a result of this accident, the National Transportation Safety Board

recommended that the State of Marviand:

"Install flashing lights, which are activated by wet pavement
condftions, to complement the recently installed ‘'Slippery When
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Wet' sign, and reduce the speed limit until construction and
resurfacing can be accomplished. (H-76-20) (Class I, Urgent
Followup)

"Inerease the superelevation of the curve at the aceldent site
and resurface it to fncrease the frictioral coefficient of the
pavement. (H-76-27) (Class 111, Longer Term Followup)"

The Safety Board recowicnded that the National Highway Traffic
Safety Administration:

"Compare frictional coefficients obtained with a commercial vehicle
tire to that obtained with an ASTM E-274 skid-test tire and publish
the findings. Also, determine whether there Is a greater tendency
for commercial truck and bus tires than passenger-car tires to lose
traction on wet pavements. (H-76-25%) (Class TII@, Longer Tern
Followup)

"pevelop a Federal Motor Vehicle Safety Standard to require a
minimum frictional coefficient for all commercial motor vehicle
tires. (H-76-26) (Class 111, Longer Term Followup)"

The Safety Board veconmended that the Federal Highway Administracion:

"Determine ff the State of Marvland is in compliance with the
vequirement of Highway Safety Program Standard No. 9, 'ldentification
and Surveillance of Accident Locations' and advise the Beard
accordingly. (H-76-23) (Class ITI, Longer Term Followup)

"Establish minimum skid resistance values both for newly constructed
and for existing pavement surfaces. Such minimum values must provide
ap acceptable margin of safety to accommodate all vehicle types under
normal as well as predictable emergency maneuvering, and should
consider the known varicties of commercial tire rubber compounds and
the relationship of design speed and highway geometrics. After the
minfoum skid resistance values are determined, vevise applicable
highway design and pavement mafntenance manuals accordingly.
(H=-76=2%) {(Class 1L, Longer Term Followup)”




BY THE NATIONAL TRANSPORTATION SAFETY BOARL

/s/ WEBSTER B. TODD, JR,

Chafrman

/s/ FRANCIS Il McADAMS
Member

]/ PHILIP A, HOGUw
Member

ISABEL A. BURGESS

- A U W W W m W Ak e e b= B m— - - m e

Member

WILLIAM R, BALEY
Member

June 9, 1976
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APPENDIX

" Farm FOEA B2 LHee 370

"UNITED STATES GOVERNMENT DEPARTMENT OF TRANSPORTATION
MG"IOF’&?ZCJH”I

FEDERAL HIGHWAY AUMIN STRATION

DAL Novenber 14, 1975

sxcl, Charter Bus Accident on 1-495 et 03-24.2.70
October 11, 1975

Richard Ackroyd
Divisfon Administrato:
Baltinore, Maryland

10  MHr. W. H. Wnite
1-00.6.2 Regional Federal Highway Administrator
Baltimore, Maryland

We are forwarding herewith a copy of the State's letter dated
November 13, 1975 and attach~cnts, Ve furnished you an advance
copy of the skid teost results by memoranium dated November 5, 1975,

An analysis of the Accldent Surmary sheets was made:

tumber of Numbar of Acctdents Surface Nurber of Accidents
Year Accidents Dry HWet _ __ R Wet  Attributed to Speed
1979 27 16 337,
1971 10 Fiy 507%
1972 11 4 647
1973 10 2 801
1924 12 B 757%

Total 70 29 s = 547, 3% = 56%

The State advised that studfes have shown the wet weather accidents
(excluding snow/ice conditlons) accounted for:

Year Interstate {nly
1973 287, 27%
1974 21% 245,

The post mlleege Is 0.6) and the one-way ADT for the section was
21,200 tn 1973 and 77,800 {n 1974. Note the post milcage for 1970
wes 0,82 vhich may or ray not have Influerced the large number of

accldents that year. WHe have been unable to deternine vhy the statis-
tical section was changed,

The skid nunhers, and past experfiace with slag nixes such as the one
placed on this section of road {r 1968, tndicate the surface has lost
fts fnttial high coefficiant of friction, This {s also Indicated by
the increase in the percentage cf wet weather accidents,




APPENDIX

The curve {s 5215’ and, vhile we have not measured the amount of
super clevation in place, past design practice 1in Maryland has
li{mited the rate of supar elevatfon to 0.06 and generally no spiral
transitions vere used. Assuming those conditfons, the curve design

should be safe for 504m.p.h, This was apparently verified by the dall
bank reading in the test vehicle of 8% at 50 n.p.h.

The conclusfion is that this {s a fafrly sharp curve that {s slippery vhen
vet: 1t {s used by a high volune of traffic, and a large number of the
accidents are caused by driving too fast for conditfions,

Immediate recedial actfions suggested are:
1. Placement of "Slippery When Wer" signs.

2. Tostell flashing lights activated by wet pavement
conditions,

3. Reduce speed liwit to SO w.p.h.

4. Resurface with an open graded anti-skid pix,

5. Fleld conditions may warrant increasing the super
elevation before resurfactng.

Ve believe the conditions revealed by this study varcant safety improve-
vents financed by Interstate funds,

Since the Region ) offfce, the Washington Offize and the NTSB are
fnterested in this section of road, we will vatt on confirmation of

our analysis or correctioas thereto before miking a formal recomaen-
dation to the State,

J?%? ;%/iﬁ:f14:;;4¢¢;</

Attachments Rey D. Gingrich

Distriet Engineer

- .
Ry T

i






