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NATIOHAL TRANBPORTATION SAFATY BOARD

HIGHWAY ACCIDENT BRPORT

RAST £1DE CHURCH OF CHRIST FiUb BKID AND OVERTURN
U.8. ROUTE 183, NEAR LULING, TEXAS
NOVRMBER 18, 1980

SYNOPES

About 7113 a.m., central siandard time, on November 18, 1330, an Intercity-type bus
was {raveling scuth on U8, Routs 183, a two-lane rural highway in south-central Tesas,
It was raining and the pavemont was wet. As the bus approached and sttempted to
negotista & cutve to the left, the rear tires of the bus lost trastion. The bus skidided
across tho opponing teaffio lanv and onto the shoulder before it could be stesred back onto
the highway. As it crossed the highway again, the bus spun 180° and slid Into a dralnage
ditoh where It struck tha side of the ditch snd overturned onto its left side. Two tus
passengers were killed, and the buwdriver and 3% passengers waore injured,

The Natlonal Transportation Safety Board determined that the probable cause of the
accldent was the low wet cornering cepabllity of the marginal yet "legal" rear bus tires
and thc low frictional quality of the wet pavement, which combinad to produce loes of
rear tire traction and vehicle control as the bus was being operated at or near the jweted
55 mph speed limit,

INYESTIGATION
The Accident

About 7125 a.m,, c.d.t,, on November 18, 19380, an intercity-type bus with
28 c 2cupanta was teavellng south on US, oute 183, a two-lane rural highway in south-
central Toxas, The bus was en route from Austin, Texas, to Corpus Cheistl, Texas, and
had just passed through the city of Luling, The bus was carrying a church cholr from
Avatin to Corpus Chelstl (0 sing at a church gathering. A light raln was {aliing, and the
pavemant was wet,

According to the busdrivor and bus passengeis, the bua was traveling between 40 and
50 wph as it sapproached a curve to the left, The busdilver sald that he had reduced foot
presauce on the wccelarator ss he epproachod the curve., (See fipues 1) S8hortly
theroafter, the rear of the bus slid sideways, The busdriver and two passengers raported
that the rear of the bus first moved to the left; three other psssengers steted that the
rear of the bus first moved to the right.

The busdriver reported that alter the rear of the bun slid sidevays, he took hs foot
off tho accelerator and stesred to the left and into the skid to rogaln control, He sald
that he seemed to regain control, and he recalled someone vaying "you got It, you got it."
However, the bus wes on the wrcng slde of the road by that time so he stesred to :he
right, Tha tires on tho left side of the bus left threo concentrio tire scrub marks on the
northbound shoulder from this meaneuver. As the bus crossed the highway again, the rear
of tho btus spun clockwise about 180% and the bus slid siduways off the road
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and into a shallow drainage diteh. The front wheels of the bus hit mud on the far side of
the dralnage diteh, the bus' rids windows swung open, and the front wincelilelds came out
a8 the rear of the bus continuoed to cotate and the bus overturned onto its loft side,

Bus occupents reported thai they seemed to ba thrown only sldeways es the bus hit
the ditch and overtwned. Bus passengers origlially seated on the right side of the bus
were thrown either on top of pawsungern seated on the left side of the bus or Into the left
side overhead Juggago rack. Two passengers, who had baen sitting together In the third
soat behind the busdrlver, wero ojsoted during Impast and were found iylng absut 8 foet
apart in the drainage diteh, forwerd of the front of the bis. Another prssenger was pulled
out from a dejpwession underncath the bur, As a result of the ucoldent, the two passengers
throw'n l"j!nto the drainage ditch wore killed; the remaining 38 passengers and the busdriver
were injured,

Injiriee to Persc's

Injuries Drives Passongers

Fatal 2 2
Nonfatsl 33 38
Nonse 0

0
Totals by £1]

Vehicle infozmation

The bus was a 1861 GMC Pearlor Coach, VIN PI} 4106-218, It was purchased by the
East Sice Church of Christ in Novembeor 1878, and had been drivin about 14,000 infles
since that time. Sinco the bus was registered as a privats bus, it was subject only to 3tate
of Texas motor vehlals regulations, It was equpped with ~. 588-cudle-Ineh tilesel engine,
povier ateerlng, a 4-3peed manual transmission, two sxlos, and dual tires on tha rear axle,
Except for the right front tire, all tires came with the bus when it way purchased by the
chutcih, The bus s:ating capacity was 39, and it weighed about 27,400 pounds et the tine
of the accident. Iis daalgned maximum in-gear specd was “bout 63 mph.

Btate of Texan motor vehicle regulations raquire that motor vehicles be inspected
annuelly by a licensed garage in that State, This bus was last Inspscted In November
1879, and was required to be Irspaotad by the end of November 1980, o remaln In service.
The bus wes meintained by a church meraber fn hs spare timo, He was not employed a3 a
mechanle, but he had ahout 20 yeats of experlence iIn ropaleing and raudntsining
automobiles and other vohicles {n his snare time. He had prepared the bus fur thie trip
and was once of the passengirs In tho aceldent,

The lovor left front corner and left front wheel of the bus had a larye amount of
smeared and paciked mul, (Sve figure 2.) The feont bumper wes pulled forward about
4 inches and the lower body panel between the front bumper and whoel was crushed
Inward, The front area of the bus forwerd of the front whoels was distorted about
8 inchas to the right while the rear area of the bus behind the rear wheols was distoried
about 6 inchus to the left. Thera wire two shallow dents about 8 foot apart along the left
roofilne at the front of the bur and two similar dents sbout & feet agart atong the left
r00fling at tha roar of the bus, The window frames of tha first and fourth windows on the
laft side of ‘e bus were distorted ond forcod outward, The second and ihird window
frames on the left aide of the bus werw distorted and toen from the top h'nge mountings.

The third row of ssats behlid the driver, where the two puisons who were ejocted
had been uitting, wras located at the roof support column betwcan the first and second




Pigure 2,-~View of left side of bus,

large side windows, Thero were no tissue deposits or blood transfers on the inside or
outside of the bus near these seats, or any other evidence which may have alded in
determining whether they were injured nsids or outside the bus, Although blooA transfers
vwere found In the srea above the busdrivor's head, the bisdriver did not have ¢ny bleeding
wounds; thls Indicated that some passcingers were thrown both forvard and sideways at
impact, perhaps explaining how the two third-ror, passangers were ejested threugh the
slde window of the biid, All seais reraained anchored to the fioor, and none of the seat
frames were damaged. The scatback cushion for the window seat losated six rows behind
the driver was pushed forward about 11 Inches,

No air leaks, broken hardware, component deterlora .on, or malfunclions were noted
during a postcrash test of the ale-ride suspension tystem, The ateering wheel could be
turned a fraction niore than 3 inches without fr.at wheel motion;g this just exceeded the
3-Inch Texas Inspection liinit for ateering lash, 1/ Steering lash i5 the amount of free play
in the stecring wheel before positive steering Input ocours, It is symptomatic of
mechanlcal wear In steering system components, and hoiizonial free play in the kingpins
probably produced this ee of steering lazh, With this condition, there would be a
small fraction of a second of time dolay In stecring response until the free play was
bridged, which should not have significantly affected sisering econtrol of the bus,

Alr leaks were f :nd in the quick--release valve at the sccuniulator alr tunk for the
front axie brakes and 1.t the air supply line for the right front brake chambor. These leaks
did not appear to be a result of the accident. Al btrake linings were of more than
ndequate thickness, and there was no evidenca of contamination. Push-rod travel for the
lype-24 brike chamber: at tha left and right front whaels wss 1 3/4 inch and 2 Inches,

17 *Rules and Regulailon Manual for Officlal Vehicle Inspaction Statlons and Certified
Tnspsotors,” Texas Department of Public Safety, October 3, 1879,




respectively; according to the manufacturer, this type of brake should bo readjusted when
push-rcd travel resches 1 8/4 inches. Push-rod travel for the type-30 brake chambers at
the left and right rear wheels were both 32 1/% inches; this type of breke should be
readjusted when push-rod travel reaches 2 inches. When tho brakes were applied, the
beakeshoes contactod the drums on all wheels and there was no change in ale pressure,
indlcating all brake: would work to some degree i'. stopping the bus. There are no Texas
inspsotion criteria for directly measuring and evaluating brake push-rod travel; Texas
guldelines require that during a road test, a bus must be stopped within 40 leei from a
speed of 20 mph.

Tire Information

The left front tire was a 11.5 x 20.3, tube-type, Goodyear Regrooveable Intercity
Bus tire with bias-plys. The right front tire and the four rear tires wore 12,5 x 22.5,
tubeless, Goodyear Regrooveable Intercity Bus, blas-plyr. According to Goodyear, the
108t Tire and Rim Association Yearbook, and the National Highway ‘Traffic Safety
Adn'nistratipn, the two front tires were funciionully similer and could be used on the
samq vehicle, Recommendod maximum tire pressures were 100 psi for the front tires and
80 pai for the rear tires,

Regroovaable tirss are & special class of tire for whith the grooves in the tread
pattern can be cut deepsr {regrooved) after the tire has worn. The rear tires were manu-
facturad so that there were throe levels within each groove. (See figure 3.) The lowest
lavel was the bottom of ‘he tread groove. The next level way the top of tread wear
indicatues that were molded 2/33 inch higher than the bottom of the groove. These tread
wear indicators ware plsced at only six points equidistant around the tire and were sbout
8/4 inch long. According to Fecderal Motor Vehicle Safoty Standard Ne, 119, the purpose
of tread wear Indicators is to "enable a person inspecting the tire to determine visually
whether the tire hay worn to a tread depth of one-sixteenth (or 2/32) of an inch." 2/ The
third level was the top of "fillets" that were 1nolded 6.5/32 Inch higher than the botiom of
the geoova, These fillets ware placed at each corner of a tread groove and were about
1/2 inch long. Rillets are wiad to suppart or stabilize the sidevalls of the tread groove o
that the tlre tread does not wobble or :quirm while the tire Is In use, tince such squirming
viculd ixad Yo abnormal tire wear,

¥Whan & tire of this design I8 worn to the top of the fillets, the original tread groove
pattern is no longer continuous around the tire, and & “slotted™ tread pattern devetops.
Al four rear tires on the aceldent bus were woen to, or balow, the top of the fillets at
some pert of the tire or acioss tho entire tire. (See figuras 4 and 5). When the tire tread
Is woen to the top of the tread wear Indicators, ihe slots disagpear at the six tread wear
inMcators, If they tire Is uniformly woen, narrow horizontal smooth bands eppear across
1 atread of the tire. (3ce figure t.,)

Alr presswre, tread depth, and tire condition for cach tire on the bus is shown In
Table 1,

'The church membar who maintalned the bus reportod that the tires were all in "good
condition,” and it s cuts or missing soctions of rubboer were the reault of the bus' being
backed into the e rh arcund the church at various times,

3/ "Molor Vellcle Bafety Standard No. 119 -- New Pneumatic Tires for Vehicles Other

Then Passenger Cits," National Highwvay Traffic S8afoty Adminlstration, Novembar 13,
1973.
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TABLE 1.—Tire Air Pressure, Ttead Thickness, and Condition,

Air
Tire 1,0cation Pressure

Minimum Tread Depth

(psig)
Left front 81

Right front

Left rear
(outer)

Left rear
(inner;

Right rear
(ouler)

Right rear
(inner)

(inches)

11/32
to fillet

14/32
to fillet

1/32

in slots
of outside
ghoulder
groove

0/32
in center
of tire

4/32

in slots
across
tire

1/32

in slots
ot inside
shoulder

grcove

Condition

Tread groove continious.
Inner tread worn lovier than
outer tresd,

Cupping wear evident,
Tread groove continuous.

No sigry of abnormal wear; a new
recenily installed tire.

Tread groove continous in the
center and inside shoulder of the
tire; tread groove worn below

the top of the fillets along the
outside shoulder of the tire. Tire
may have been partislly regrooved,

Sections of rubber missing along
inside and outside shoulders of
tirta -~ no tire cords visible.

Tread groove worn below the top
of the fillets along the outsides

of the tire, worn smooth at spots
slorg the center of the tire,

Trend groove worn o or below

the top of the fillets, more or less
uniformly across and around the
tire.

Accordiig to bus maintensance man,
tire had heen used ss the right
front tire, recently switched to
rear

Rubber section missing along the
outside shoulder of the tire -- no
tire cords visibie

Tread groove worn to or beiow
the top of the fille's; somewhat
more weer to the inside of the
tire
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Texas W5 no special guidellnes for mcasuring the tread depth of commerecial
regroovesble tires, Vinder the Texes inspection procedure, the fellowing provisions appiy
to the bus tires:

inspect for and Reject:

Any tire with trcad or sidewall eracks, cuts, or snags (as measured on the
outside of the tire) in excess of one inch in any direction and deep
enough to i 0se the tody cords.

Any tire with tread wear indicators worn so that the tread wear
indicators contact the road in any two adjacent major grooves in the
center or middle of the tire, (See figure §.)

Any tire without tread wear Indicators worn so that léss than 2/32 (1/16)
of an inch of tread design depth remains when measured (with a treed
depth gauge) at the lowest points in any two adjacent major grooves in
the center or iniddle of the tire. (See figure 7.)

The tread depth requirement of these regulations shall not apply to more
than one tire in cach sat of dual whecls. The other requirements will
epply to the other tire on the dual wheel.

BusGriver Information

The 30-year-old busdriver held a velid general Texas driver's license with no
operating restrictions; no special training or license is required to operate a private bus in
Texas, e had no traffic violations on his driving record.

He had driven the accident bus and another bus owned by the church for about
I year and had about 1,500 miles of driving experience with these buses, his only
experience with driving large vehicles, There werc three other men who served as
busdrive:s on the bus at the time of the accident; this busdriver was the least expericneed
of the g:oup. He had been driving since the trip sterted at 6:20 a.m. and had been driving
for about an hour through continucus rain befcre the accicent.

‘The church group was to sing at ihe church gathering in Corpus Christi at about
3:00 p.m. The informal trip plan called for driving about half of the 190-mile trip,
stopping to eat, snd then having another driver take over and complete the trip. There
was no scheduled arriva) time in Corpus Christi; the vusdrivers had estimated that about
3 1/2 to 4 hours would Le required one-way.

The busdriver reportad that he had no problems with the bus during the trip and had
never experienced a loss ol traction on the bus before. One of the other busdrivirs did
recall that the bus had fishtailed or lost traction as he was driving through a curve on an
interstate highway during a Ligiit ralnstorm about & month before the accident. He said
that the pavement on which teaction was lost was a different color than the pavement he
had been traveling on. Since the bus corrected itself once it cleared that section of
paveraent, the busdriver determined that he had been on a bad spot in the pavement for

maintaining traction. No other negative comments were made about bus handling or
aontrol,
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Highway Inrfoemation

U.S. Route 183 is a north-south, Fecleral-ald primary highway that runs through
centipl Texas from the Texas-t kishoma border to Corpus Christl. It passes through
Austin and offered a direct route for the bus trip. The aceident occurred about 50 miles
south of Austin, 1 mile aouth of Luling. Tive accident site was in an undeveloped rural
area with no defined interrzecting roads or driveways within 1/2 mite. (See figures 8a and
lBb.) Average dally traffic was about 3,100 vehicles in 1975 (11 percent trucks) and 4,800
n 1879,

At the accldent site, 11.8. Route 1383 is a two-lane asphalt concrete highway, with
13-foot-wide traffic lanes and 10-foot-wide asphalt concrate shoulders. The traffie lane
pavement {s black while the shoulder pavement is light grey. There are no edgelines to
separate thz traffie lanes from the shoulders; It is a common practice in thiy ares not to
use edgelines, Through traffic occasionally uses the shoulders, a permissible practice
according to the local highway patrol, According to the busdriver, he had no problemns
differentiating between the treffic lane and the shoulder and was operating the bus in the
traffic lane,

The posted speed limit is 55 mph. Between traffic lanes, there {8 a solid yeilow
centerline for southbound traffic and a broken yellow centerline for northbound teaffic,
Raised, yellow reflective markers were mounted on the pavement along the centerline,
and white reflective delineators were mounted on 4-foot-high posts alony the edge of the
road and throughout the curve.

Investigation revesled that the southbound approach to the curve consisted of
1,500-foot straight section of roadway on a 2.2-percent downgrade, followed by a
350-foot straight, level sectlon of roadway. The crown, or the amount of side slant in the

stral%ht, level section of roadway varled from 0 to 0.008 feet/fcot, A value of (.01 to

0.03 fect/foot i3 recommended for drainage puiposes, 3/ The curve was a 2° left curve
(2,885-Toot radius) with a design sgecd of about 60 mph, The graue was level for the first
550 feat of the curve and then changed to a 0.4-percent upgrade in the area where the bus
left the scrubmarks on the northbound shoulder. Superelevation, or the amount of side
banking In the curve, varied from 0.008 fecet/foot at the beginning of the curve to a
marximum of 0.028 feet,foot about 250 feet into the cwrve, About 0,012 feet/foot is
average for a superclevaiion that will meet minimum drainsge requirements. 3/ The
crown and superelevation values indicated that there was limited side barking available at
the beginning of the curve. Side banking aids in resisting centrifugal foree, the force that
tries to make a vehicle slide sideways while it {8 turning. Common design practices call
for 50 tc 106 percent of th? maximum superelevation (0.014 to 0.028) to be available at
the beginning of the curve. 3/

The highway was bullt in 1931 as a 2C-foot-wide concrete road, 7 inches thick at the
centerline and 9 inches thick at the edges, with =~ base or eubbase, The highway was
widened to its current width in the 1950's, ana  acilitional 2 1/2 inches of asphalt
conercte were added to the traffie lancs. In 1972, » /-’ .ch asphalt chip seal coating
was added, the last major update of the pavemont,

The pavement wes deteriorated at the time of the accident, with lateral cracks
visihle about every 10 to 15 Yeet and several patches within 1/2-mite of the accident site.
On the approach to the curve and on the curve, contour and rutting b measurements

37 A Pollcy on Geometric Des!gn of Rural Highways," American Assoclation of Stute
flighway Officlals, 1985 edition,
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revealed a number of shallow points where water could accurmulate or dralnage would be

slow, Rix days aiter the acoident and during a light intensity rain, three Safety Board

investigators did not observe any serious flooding provloms, However, the road surface in

the traffic lanes was saturated with water in some aress. Some puddles had formed on

;{‘IO ohoult;ers, but none had formed in the shoulder area where the bus maneuvered, (See
gure 8a.

The ground erea bayond the edge of the southbound shoulder had a side slope of
5 feet hotizontal to 1 foot vertical, which continued to the bottom of a drainage ditch
located about 20 foet from the edge of the shoulder, Mo guardrails are recommended or
required on & side slope as flat as this ont, and none were presont, 4/

in December 1977, the Texas Department of Highways and Publie Transportation
(DOT) tested the frietional propertles of the pavement about 0.4 mile nocth and south of
the accident site with a locked-wheel skid trallet as part of a routine inventory of the
State's road syster; no tests were conducted at the zccident site, The traller met the
requirements of the American Soclety of Testing and Materlals (ASTM)
Standard P 274-70, as revised July 1974.

A locked-wheel skid traller moasures the longitudinal crietion soefficient dovz'cped
bet:seen the pavement and a standard test tire that is braked and slides in the dizeciton of
travel of the trailer, This lecked-wheel braking test simulates and measures the abil;* yof
friction between the tires and bavement to stop or slow a vehicle when the brakes luck
the wheels. The standard test tire Is constructed with automobile tire rubber compourls
and has been found to be reprezentative of average automoblle tires in terms of frictional
quality, Howaver, laryge truck and bus tires are constructed with harder rubber compounds
that wear better Lut have lower frictional quality than autcmobile tire compounds,

Therefore, trailer tests using a standard test tire obtain highor test values than tests using
truck or bus tires. 5/

There {3 no stancard test tire that is equivalent to truck and bus tires in terms of
frictional quality, and there are no standard ccrrection factoes to translate data from the
standard "automobile” test tire to cquivalent truck and bus tire values, Therefoea, a test
result from using the currently avallable standard test tire may be considerad ecceptabdle
for vutomobile tires but may not be acceptable for truck end bus t:res,

When standard trailer tests ara run to check the ralative wet frietional qualities of
highways under a perlodie inventory program, the left wheelpath of traffic is wetted and
measured at a test speed of 40 moh, Test readings of 0.38 and 0,34 were obtained for the
two locations 0.4 mile north and south of the accident site in 1977. For comparisen
purposes, tire-to-pavemant friction coefficients of 0.10 to 0.15 would be obtained on an
lce-covered surface while values of 0.80 and above would be obtained on a dey,
coarse-textured paveinent surface that ie cleer of debeis or torelr,n materiat -- optimum
operating conditions,

Texas DOT has no written guldolines or standards for dotecting wet paverent
problem locations or for initiating corrective actions resulting from low locked-wheel
traller test results, high accident rates, or any other Indication of wet pavemant

47 "Gulde Toi Belecting, Locating, and Designing Trafflo Barrlors,” American Assoclation
of State Highway and Transportation Officisls, 19877,

8/ "Truck Tire Ccenering and Braldig Traction Study,” Bnsvo, Ine, for the US,
Department of Transportution, 1979. NHTSA-9-6127. "Initlal Tests on Stopping Distance
and 8pin-Out Characteristics . f Regrooved Tirer on Buses" Texas Transpcrtation Institute,

1967,
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probleris. According to the State traflic engineer, "slippery when wot" signs are placed
at locetions sccording to the national Manual cn Uniform Traifie Control Devices
guideline. Thix puldeline states that such signs are "intended for use to warn of a
oondition where the highway surface I3 extraordirarily slippery when wet.," 8/ No such
signs wece In place at or near the accident location before the accident and none were
placed after the accidet.

The Texas DOT acclident records show that threo aceldints had occurred within a
1/i-mile Aistance of the accldent sito in 1977; two of these accidents occurred on dry
pavement and one oocurred in vwet weather. It could not be estabiished whether the rcad
contributed o the wet weather aceident from the available information. There were no
acclidents reported for 1978 and 1970 near the accident site,

Meteorological inforwation

The accident oncurred in daylight with overoust skies; the bus oecupants reported &
light intensity rain. The official observer for the National Weather Service in Luling,
noted a {race of rain and 0.0t inch of rain for the first 2 of the 3 days preceding the
accident .\nd 1.33 inches for the %24 hours preceding the accident. This amount of rain
over that period of time should have washad the pavemsnt clean of foreign materials.

Of the 10 climate divisions in Texas, the south-central division ranked fourth in the
amount of pracipitation. Of the 232 counties, Celdwell County, the county in which the
acoldent occurred, ranked §7th with respect to the rate of wet vieather injury accldents,
This would be a raniing of about fourth on a scele of 10, 7/ indicating that Caldwell
County was not expetiencirg an abnormally high rate of wet weather injury accidents In
comperison to otisr countias with respect to the amount of precipitation. A recent
Safety Board study developad an index which related the percentege of fatal aceidente on
wet pavement to the percentage of time the pavement was wet, 3/ The nations] wet fatal
aceldent Index was 3,54 while the index for Texas was 4.94 ~- the secund highest Index
among all of tha States,

Nodivel and Pathological Infcemation

No autopsies ware parformed on the two occupants who were killed; autopsies wers
nelther required nor requested. The Investigating officer reported that the passenger In
the window scat had a sevevely crushed chest, and the pamenger In the alsle seat had
severs Injurles to the head end nack. Figure 9 contains the ceating position,
pulica-reported level of injury, and age of the bus occiypants,

Survival Aspoets

Those tus occupars with minor-to-moderate Infuries evacuated the bus thec . gh the
front windshlelds and rear windows. A rapld exit was not eriticel to survival. The
highway patrol was notifled of the accident about 8 minutes after it occurred, and the
first unit arrivod on-scenec about 8 minutes after notificstion. There were no indications
that resciio offorts were unnecessarily deleyed or that Injuries became more savers
becsuse of delayed treatment, Y

§/ "Manual on Unllorm 1Traffic Control Davices for Streets and Highways,” U.S.
Defartmont of Transportation, Pedoral Higghway Administration, 1978.

%I 97/253) 10 = 3.83 or about fourth on a seale of 10,

8/ al Study—Fatal Highway Aacidents on Wet Pevemont—ihe Meagnitude, Location,
snd actouristios,” Fedruary 1980, (NTGB-HSS-80-1)
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Toat) and Resserch

In crder to determine where the busdriver may havs fitst lest conteol, the 8sfaly
Board "projected back™ from the tire scrub marks that the bur left on the northbound
shoulder, This projection indicatad that control of the bus probatly trouid have boen lost
noer the begiuning of the curve. At the request of the Safety Ioard, the Texss DOT
performed sand pateh tests and locked-wheel skid irailer tests both outside and within
this area on November 20 and 21, 1080. (See figure 10.)

8aind patch tests measure pavement toxture depth, an indication of the coarsencss
and drainege quality of the paveinent surface. Thove tests indicatsd that the texture
dopth was considerably reduced on the southbound treffic lane approach to the curve and
the traffic lane through the curve, when compared to tests taken on similar new chip seal
coatingt. Texture in the traffic laues at the accident site wangud from 0.013 to
0.026 inch deep, while new chip ssal coatings provids maximu.a depths of 0.184 inches,
Currently, thore are no nationsl standards mgnrdlnf aceeptable or minimum pavement
toxture depths. However, pavement texture depths In the southbound traflic lene were
prodominantly balow thote acceptahle or minlmum levels recomminded by rasearch while
the shoulder pavement textura depths met or excoedad all reccmmended valuss, (See
table 2.) For example, texture in the traffic lanes ranged from 0.013 to 0.028 inch Jdeop,
whils shoulder texture ranged from 0.038 to 0,068 inch deop. Galloway et al.
reccmmended a minimum pavement texture of 0.040 inches, and Elsennar et al. 8/
recommended 0.015 to 0.031 inches for pavements with operating tpreds betwesn 59 and
7% mph. Research performed by tho Texas DOT In 1970 Indicated that low pavement
surface texture was a significant contributer to wet weather accidents; there was a
noticeable incream. In the rate of wet weather abcidents to vehicle-milet fravelad at
locutions with text.ss depths of 0.035 inches or lesy, 10/

Standard 40-mph locked-wheel skid trafler tests ware perfcemed at the aceident

site that wero similar to those perforred near the accldent aite in 1977, (See table 3.) A

standard-test-tire-to-pavement friction coofficlent of 0.32 was obtalned on the

southbound straight, level approach, 300 feet befove the curve, und 0.28 was odtained

250 feet after the curve began., Friction coefficients obtained on tte southbound shoulder

?‘; the ugmt; l;:oatlosns (0.32 and 0.25) were similar to those cbtained in the traffic lanes
.32 and 0,28),

High-peed, and therefore nonstandard, locked-wheal traller tests were performad
near the posted speed limit. This type of tesilng has been recomriended by the Safety
Board to replace the standerd 40-mph tests performed durirg routine Inventory
testing, 11/ The Safety Board recommended high-speed testing bocause its investigations
have shown that there was a significant love in tire-to-paveraent frictional quality as teat
spaeds were increased at some wet pavement accident sites, The high-speaed tosts at this
bus accident site Indicated that tire-to-pavement frietional quality for automobile tires
was appreciably degraded at wet-pavemen: speeds nenr the poutad speed limit Ia the
southbound traffic lane. (See table 4,) Usng the standard test tire that is representative

¥7 "Pavoment Cheracter Aloa and 8kid Resistance," Bisenuer, Relichert, and Ssutecey,
Prensh research reportud in U.S. Tranmportation Research Rerord No. 623, 1976,
"Tentative Pavament and Geometrie Design Criterla for Minimizing Hydroplaning,"
10/ "The Degree of Influance of Ceriain Factors Portalning to the Vahicie and Pavernent
on Traffie Accidents Under Wet Conditlors.” Texss Highway Department, Ressarch
R Number 13%-3F, fleptember 1§70.

11/ "Safety Effectiveness Evaluation~-Belected State Highway Skid Resistence
Programs,” !ﬁeﬁl’iﬁ&ﬂmmmauwse-o.)
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FIGURE 10. |
SAND PATCH AND LOCKED-WHEEL TRAILER TEST RESULTS OBTAINED THBOUID.
ON NOVEMBER 20 ANp 21, 1980, AT U.S. ROUTE #1651 MILE SOUTH OF NORTHEOUIID
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TAKILE 2. Comparison of Sand Patch Teet Rasulre Obtalaad at Accident 5ita on
November 20, 1980, with Zacowsended Values

Traffic lane Cowparisoun to Shoulder
gepd Poect Vaioes Locommenied Vaives 1/ Sand Yatch Values
(inches) i.i.nchdﬂ)
0.013 left wheelpeth Just Balow Freuch .058 Abws Prasati.
meto Sallouay Above Gallowmy
0.013 right wheelpath Just Bglow lench
seliow Calloway

5.016 left whealpatt Just Within French
Below Calloway

0.016 right wheeip:zils Ju=t Within French
Selow Gallowsy

0.019 lefr vhealpath Within French
Below Callowsy

0.026 right vheelpath Withi= Prench
Below Gallowey

0.020 leftr wvheelpath Withie Xrench Above French

Seiow Galloway Just Below Galloway
0.018 izt vheslpath Wicthin Prench

Selow Gallowsy

1/ Yrench Research: 1. TPor pavements with textura Jepths of 0.007 to .l45 inch —" Pine-textured
(Elgsenaar, et al) sucsacuts; thase pavements are to be reserved for sections on vhich vehicle
speeds are culy cccasicually capable of exceeding 80 Kilometers :-ar hour
(50 mph), e.e., in urban aress.

For pavemen.s with texture denvhs of 0.015 to 0.031 —~" Hedium-textured
pavements; these are normul puveaents for sections on which moderate speeds
are ~ucountered, between 80 and 120 Km per hour (50 to 75 mph),

For pavements with texture depths of 0.031 to 0.047 w="  Coarse—-textured
pavements; these pavements are to be used for cections on vhich speods are
normally higher than 120 Kilometers per hour (75 wph). !

Galloway recommends a psvement Cexture depth of 0.940 inches.




TARLE 3. Locksd-Wheel Skid Trailer Tire - To - Pavement Test Results at 40 mph

Type of Test

Priction Orefficient
{Tire~to=Pavemant

lLocation Quality)

Standard lLocked-Mheel Skid Trailor
(left whael path of treffic lane ¢

Standard Locked~¥heel Skid Trailer
{laft wheel path of traffic lama #

Standazd Locked-Wbeel Skid Traller
{(left wheel path of traffic lane ¢

Standard lLocked—itioel Skid Trailer Test
{left wheel path of traffic isnc 2 40 mph)

Non=Stendard 1/locked-iheal Skid Trailer Test Af2a
(left wheel path of ghoulder @ 4C mph)

Norr-Standard ! /Locked-heel Skid Trailer Test
¢ 4

(left whesl path of shoulder € 40 mnh)

0.4 mile nocth or beyond 0.34 ¢ 4C mph
accident site in scuthbound
direction of ~ravel.

0.4 mile porth ar hedac. U.38 © 40 mph
accident site in southbound
direction of trawel.

Southbound direction of travel 0.32 @ 40 mph
in straight, level spprroach -

to curve, 30 feet before

bagiming of curve.

Southbound direction of trawvel 0.26 @ 40 mph
in curve, 250 feet after

beginning of curve.

Southbound direction of travel 0.32 € 40 mph
in straight, level approach

to curve, 300 feet before

beginning of curve. ’

Southbound direction of travel 0.25 € 40 wph
in curva, 250 feat after
bagimnning of curve.

1/ Test is nonstandard because it was taken on the shoulder rather than the traffic lane.
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TABLE 4. Locked-Wheel. Skid Trailer and TIRF Machine Simulator Test Results at 50 mph

Friction Coefficient
{Toiw TO Pavement)
Type 0f Test Date Taken ocation . Fricti_aal Qualily

1. ‘onatandard 2/ Locked-Wheel Skid Trailler Test After Accident Southbound direction of tra el 0.23 € 5) mph
left wheel path Of traflic lane at 50 mph) in straight, ievel aporoach to
curve, 300 feet .efore begin-
ning of curve.

Nonstandard 2/Locked-Wheel Skid Trailer Test After Accident Southbound directiun of travel
(Jeft wheel path of traffic lane € 50 sph) in curve, 250 fest after bagin-
ning of curve.

Nomstandard 3/Locked~Wheel Skid Trailer Test After Accident Southbound direction of travel

(lef. whael path of shoulder @ 50 mph) in straight, level approach
to curve, 300 feet before begin-

ning of curve.

Nonstandard 3/ Locked-“heel Skid Trailer Test After Accident Southdbound directional travel 0.3 8 50 mpl
(left waeel path of shoulder € 50 mpa) in curve, 250 feet after begin-
aing of onxve.

Nonstandard :/ Locked-Wheel TIRF Machioe Test made on rurface simulator 0.15 @ 50 mph
Simulator (right froant bus tirve & 50 apoh) with a 0.23 coefficient of

friction, vhen standard ASTM

test tire wvas used.

Nonstandard 3/ Locked-Wheel TIRF Machine After Accident Szza as above 0..5 @ 50 wph
Zimulator (right rear outer bus tire @ 50 mph)

2/ Test is nonstandard becauss it was tacen @ S0 mph in the traffic lane rather than 40 mph.
2/ Test is nuastandard because it was taken @ SO mph on the shoulder rather thun 40 mph in the traffic lare.

47 Mhmﬂndcrdhocnmitmnd.on-nchimnimumundalwtutt:remmtund-.
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of an average automoblle tire, tire-to-pavement friotion coefficients of 0.23 and 0.22
wero obtained at 50 mph for the southbound approach to the curve and the curve traffic
Janes, as compared to 0.32 and 0,28 obtained dusing the 40-mph tests. The 50-mph test
values (0.23 and 0.22) were quite close to being equivalent to attempting to stop or slow a
vehicle on fce (0.10 to 0.15) in terms of how fast speed can be reduced. While the
friotional quality cf the southbound tralfic lane decreased at the higher test speeds, the
frictional quality of the southbound shoulder remained about the same or increased £0.29
and 0,32 at 50 mph as compared with 0.32 and 0.25 at 40 mph).

The right front bus tire and the right rear outer bus tire we:n selected as being
representative of the average condition of the front and roar bus tires and were tested on
a TIRF (Tire Rescarch Pacility) machine that simulated the wet pavement surface at the
aceident gite. (See figure 11.) The TIRF machine was used because there was no
available equipment to test the larger bus tires at the accidant curve and It was necassary
to estahblish what the beaking and cornering conditions were for the bus tires rather than a
standard test tire that has known higher frictional quality. The same type of standard
test tire that was used to conduct the locked-wheel skid trailer tests at the accldent site
was used to cevelop e simulated TIRF surface that was shtlar in locked-wheel frictional
quality to the pavement surface at the aceldent site. 'nder simmulated wet pavement
conditions that were similar to the accident site tesis and at test specds of 40 and
50 mph, use of the standard test tire on the TIRF machine produced locked-wheel, tire-to-
pavement friction coefficients of 0.24 and 0.23 on the simulated surface. These readings
were similar to the lowest reading of 0.26 that wes obtained during the 40 mph tests and
the highest reading of 0.23 that was obtained dring the 50-mph tests when the standarc
test tire was tested at the accident curve, In this manner, the TIRF surface was designed
to produce tire-to-pavement frictional quality values that would be representive of actual
pavement tests using a standard tes tire,

When the bus tircs were tested on the TIRF machine sur{ace, there was an even
greatsr loss of tire-to-pavement frictional quality than with the standard test
tice, 12/ Prietion coefticients of 0.15 and .08, respectively, were obtained when the
frort &nd rear bus tires were used in locked-wheel braking tests at 40 mph. Frietion
coefficients of 0.15 and 0.05 were obtained for the two tires at 50 mph. (See table 4.) All
of these values are equivalent to attempting to stop or slow & vehicle on lce In terms of
how last speed could be reduced.

In summary, pavement and bus tire tests indicated a progressive deterioration in
tire-to-pavement, locked-wheel frictional quality in the southbound traffic lane ncar the
beginning of the curve. Tire-to-pavement friational quality fell to levels equivalent to
attempting to stop or slow on ice as speed increased and the bus tires replaced the
standard test tire. This occurred even for the bus front tire with 14/32-inch of tread
depth, a depth far above any recommended of required tread depth.

Wet pavement cornering tests on the TIRF machine indicated that the bus rear tire
had a much lower resistance to sliding sideways durirg a turning maneuver than the front
tire, (See figure 12,) Por example, at a road speed of 55 mph, the posted speed Himit at
the accident site, and a tire load of 4,700 lbs,, upproximately the load on each tire of the
bus at the time of the accldent, the maximum lateral force capability of the front tire to
resist sliding sideways was 1,430 1bs. Under the same spead and load, the maximum
lateral force capability of the rear tire to resist sliding sldeways was 380 lbs. When the

137 "Results of Torce and Moment Measurements For Two 12,5 ~ 22.8/G Bus Tires Under
Wet Cornering and Broking Traction Tests Conducted For the Natlonal Transportation
Safaty Board," Arvin/Calspan Advanced Technology Center, January 1881, (NTSB Public
Docket No, HY-353.)




Figure 11.--Arvin/Calspan TIRF tire test equipment.

tire load was decrevsed to 4,000 lbs,, approximately the load on each tire ¢n an empty
Lus, the maximum lateral foree capability of the front and rear tires dropped even further
to 1,280 and 326 lbs., respectively.

The T{KF locked-wheel and wet pavement cornering test results for the bus front
tire weve similar to test resulis of other resear»h efforts that measured the locked-wheel
aud lateral force capabiliiv of truck and bus tires with 8/32 inch or more {read depth on
actual pavement. 13/ This provided supporting evidence that the simulated TIRF tests
were r=alistie, No other stiidy had ever tested tires worn to the level of the bus rear tire,
However, there was data to indicate that as tire tread depth wsas reduced, locked-wheel
a1d latera! force capability was reduced for truck and bus tires. 13/ And, the TIRF tests
found such a reduction in locked-wheet and lateral force capability for the worn iear bus
tire as cumpared to the bus front tire with more tread depth.

The TIRP tests did not indicate any significant change in braking traction or lateral
force capability for the tires, whether they were tested at the manufacturer's maximum
recommended inflation pressure or gt the tire pressures measured after the aceldent.

ANALYSIS
The Accldent

According to the busdriver and the passengers, a loss of resar tire traction initiated
the accident sequence. These witnesses reported the bus was traveling at 40 to 50 mph
and the busdriver did not repsit any abnormal maneuvers that would have brought about
rn indtial loss of traction. No conditions were found that would have produced an initial

13/1hid,, p. 13.
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Figure 12.-- Maximum lateral force capability of right front
end right rear outer bus tires as a function of vehicle speed
on a 0.23 coefficient of friction surface.
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loes of traction to the left that some bus ¢ccupants deseribed. However, the pavement
tests, tire tests, ¢nd physical evidence indicata that It was posvible for the bus to have
lost traction to the right, as othar bus ocoupants descritred, but not within the reported

traveling specd range,

Bazed on Safety Board calculations, tht centrifugal force that would have been
produced during a nornmal steering mansuver through the curve did not exceed the lateral
traction cepability of #he front tire on the low-frictional-quality pavernent surface at any
speed between 40 to 60 mph. (See figure 13.) On the other hand, th2 centrifugal foree
exceeded rear tire traction capabllity at a spec2 of about 57 mph, end the reer tires would
have lost trection to the right. (See figure 14.) An analysis of the bus tire sarub marks on
ths poethbound shoulder indicated that the bus was probably travelirg at or near this
speed o L5 left wheels traveled across the shoulder and its right wheels traveled
primarily between the traffic lane wheel paths,

The scrub marks indicated that the busdriver had temporarily regained a high degree
of steering control end was steering the bus as sharply to the right as speed would allow,
probably to svold rumaing off the opposite or left side of the road. The Safety Board
calculated that the bus had to be traveling about 50 mph in order to produce the marks,
Since the busdriver had taken his foot off the accelerator when the rear tires lost
traction, and the bus had been skidding sideways for at least some limited distance before
he temporarily regained steering control, the bus had to be traveling at a higher speed
when traction was first lost because it would have lost some speed due to rolling
resistance, engine drag, and side skidding on first level, then uphill ground before it
produced the scrub marks, These factors normally reduce speed slightly under conditions
of low, wet tire-to-pavernent frictional quality and speeds of 56 mph or inore,
Consldering these factors and allowing some margin for the representativeress of various
test results, the 3afety Board concludes that the bus was probably iraveling between $0
and 60 mph, a speed that could resull in the loss of rear tire traction.

The absence of any physical evidence until the bus produced the tire serub marks on
the opposite or l1eft shoulder limited the Safety Dosrds ability to determine exactly how
the bus reached the opposite stcv of the road after the rear of the bus initially lost
traction to the right. According to the busdeiver, he steered to the left upon initial loss
of control; if 30, he could concelvably have oriented the bhus toward the lefi side of the
road. Such factors as [nereased superelevation and improved pavement frictional quelity
were presant onca the bus was outside of, or beyond, areas of lower superelavation and
pavement frictional quality in the traffic lane wheel paths near the beginning of the
curve, These factors, in combination with a then-decreasing speed, could have improved
latoral trection capability, permitting the busdriver to deift or gradually steer the bus to
the left, while avoldirg a total counterclockwise spincut or a continuing slide to the right,
A counterclockwise spinout or slide to the right can be produced by steering to the left
when the rear of a vehicle inftially lcses traction to the right. The proper maneuver for a
loss of rear traction to the right would be to steer to the right, but that maneuver does
risk traveling onto the shoulder/off the highway and may not be instinetively performed.

As the bus approached and traveled acrogss the shoulder area on tha left side of the
road, the primary eoncern of the busdriver was to svold going off that side of the road,
As a result, based on the tire serub marks, he began and maintained a sharp steering
maneuver to the right that could be performed on the higher frictional quality,
well-drained shoulder and traffic lans ares. However, that maneuver eventually led to
spinout and total 1ces of control as the bus entered and crossed the lower frictional quality
tratfic lanes again.
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Figure 13.—~Maximum lateral force cafablllty of bus front
tires and centrifugal force created durliyg turning maneuver
on a 2° curve with a 0.23 coefficient of friction as a
function of vehicle speed.
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Figure 14.-~Maximum lateral fcece capabllity of bus rear tires
and centrifugal force created during turning
manauver on a 2° curve with a 0.23 coefficient of
friction as a function of vehicle eed,
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Foor pavement drainage qualities -- rutting, linitsd crown, and limited
suyperelevation -~ allowed water to remain on the traffic lanes during the light rainfall.
Total tire hydroplanning, where the tire is fully sepurated from contadt with the rord
surface by a thn fiim of water, should not have developed davause otlculations indicated
thet the bus would have to be traveling about 80 mph for total hydroplanning to occur,
However, the Safety Board believes that the lack of continucus tire tread groove depths
and, pechaps, the shallow pavement texture could have hindered water from being
channeled through or under the rear tive paths and roduced tire-to-pavement contact,
especially at or near the spead limit, This, In turn, severely limited the lateral traction
capability of the bus rear tires at that and on pavement of already low frictional
quslity. Further testing and evaluation cf worn tires is currently being conducted by the
National Highway fio Safety Administration (NH'IBA) that should provide further
evaluation and oxpansion of the problems identified by the Safety Board in this
investigation,

Physical evidence and test data indicated that any small reduction in traveling speed
oc improvement in tire or pavemant condition may have prevented the accident., For
example, had the busdriver reduced operating speed to slightly less than 50 mph, he would
have compensated for the tire and pavement problems and maneuvered through the curve,
If the rear tires had baen as good as the front tives or had at least 2/32 inch of continuous
tread groove depth, the aceident probably would not have occurred. Since the busdriver
was able to regain a high degroe of steering capebility while traveling on the northbound
thoulder, the accident may have been prevented if the pavement In the traffic lane wheel
p;:ﬁd:d dralnage and friotionnl qualities that were closer in character to that of the
] area,

The Safaty Bourd examined current State of Texas and Federal programs, policles,
and standards to determire their effoctiveness in reducing vot weather necidents of this
type. Such meesures could asslst by: (1) reducing high-speess operation in wet weather, (2)
providing adequate per{ormance stendsrds for the design of tires, (3) prohibiting the use
of\marginal or Inadequate tires, (4) providing objective methods to detect pavement with
low wet frictional quelity, (5) providing objective methods to more consistently warn the
public of pavement segments wit*: lnw wet frictional quality, and (8) providing objective
methods to determine when paveraents with low wet frictional quality should be repaired.
However, the Safety Board found that neither Texas nor Federal agencies have adopted
standards uble to assist in preventing this typs of accident. The Safety Bosrd was able to
{dentify stendsrds and policies used by the State of Pennsylvanie regarding pavement
evaluation thet could theoreticnlly wssist in proventing this type of accident, but these
standards need further evaluation,

Programs r2:] Standwrds for Opersting tpeeds in Wet Weather

On March 13, 1980, the Safety Board recommended that the NHTSA "develop a
profnm to alert the pudblic to the compunent factors and magnitude of the wet-pavement
aceident problem.” 14/ Pechaps such & program would assist In reinforcing the need for

reduced travel speads and for tires to be in appropriate condition for wet weather travel.
NHTSA replisd that it is currently asessing public "awareness and understanding of the
wot pavement accident problem® and "whal needs to be done to increase our [NHTEA'S]
understanding of wet weather driving problems.,” NHTSA also reported that its pubdlie
infar mation funds are committed to other priority projects, and consequently, it would be
some tiine before it could intre Juce any program,

147 o1, p. Td




"Slippory when wet" signs are used nationelly to advise drivers to slow down cr uve
caution on pavemont with low wet frictional quality, but the nationa! guideline for using
the sign is too general or sudjective and the sign's effecetiveness when wsed alono s
questionnable. For example, no objective standards are provided by the national Manual
on Uniform Traffic Control Devices (MUTCD) to determine when a highway surface ix
considered "asxtraordinarily slippery when wet™ and a sign should be posted. 8ince no
trailer tosth were made at the aceident site during the 1877 Texas DOT inventory and
there wes no significant acoldent history near the accident site, there was no resson for
the Texas DOT to have been alerted to e potentinl wet weather procblem before the
sccldent and to have posted such signs. However, even though standard trailer test values
were found to be low in the curve after the accident (0.22 and 0.28), no signs were placed
at the accident sits In reaction to the "extraordinarily slippery when wet" guideline, which
ia used by the Texas DOT to datermine when a sign should be posted,

The Pennsylvanis Departmaent of Transportation (Penn JOT) has a policy whereby
"slippery when wet” zigns ere ed at all locations with standard trailer test values of
0.34 or less, 15/ 'The purpose of the Penn DOT polioy is to "provide immediate warning to
motorists of a possible hazardous condition until permanent cirrective action can be
taken." Theoretlozlly, the Penn DOT policy hus inerit in that it would automatically
account for such factors as reduced pavement f{rictional quality above standard skid
trailer test spoeds and the currently lower fictionsl quality of truck and bus tires, As this
investigation illustratcd, these factors aan occur and combine with already low frictional
quality pavement to provuce conditions equivalent to attempting to stop or slow on ice,
evin for tires with adequaty tread depth,

In resction to tha 1977 inventory tests near the accident site, the Penn DOT poliey
would not have resulted in the posting of a "slippery when wot" sign In advance of the
aceldent site, where the 0,38 reading was cbtained, and with the high test value und low
accldent rate, no sign probably was necessary. However, after the bus accldent, the
resuits of the standard trailer test on the approach to the cuevs {(0.30 and 0.32) and the
curve (C 268 end 0.22) would have required the posting of "slippery when wet" signs to ald
in prevesting future aceldents under the Penn DOT poliey.

Recent Safety Board studies indicate that Paan DOT huas one of the better overall
programs for attacking the wet pavement accident problem and has one of tha lowest
rates of fatal accidants ir wot weather, 18/ While the Penn DOT poliey for consistent
placement of "slippery when wet" signs has theoretical merit, {t Las not been specilically
eviluated regarding its Influence on Pernaylvania's good wet weather record., And, when
"slippery when wot" signs weres evaluated at saveral test sites that were not located in
Pennsylvania, use of the signs alone was not fourd to ba effective in reducing traveling
speed, 17/ However, when the signs were used with flazhing lights at these same
locations, they were effoative in reducing highar traveling speeds below the critical safe
et pavoment speed, It would seem possible that the Penn DQT policy for consistent
placement of signs, along with a sultable signing configuration such as the use of flashing
lights, would be an cflfective method of slerting the publie to potentiel hazardous
conditions, The Salely Bosrd has recently recommended that the Faderal Highway
Administration (FPHWA) conduct further research to develop more uifective signing

187 Btale of Pennsylvania Department of ‘fransportation Letter of February 15, 1978, to
FHWA Docket No. 77-18 -~ Skid Accldent Reduction Program; Advanced Notire of
Proposed Rulemaking.

168/ Ihid., p. 14 and 18,

17/ "Driver Awarenems of Highway Sites with High Skid Accident Potential,"
Blo-Technology, Imc., for the Fedetal Highway Administration, July 1974,
(DOT-PH-11-7972)




systemms to sdvise motorists of safe speads on slippery, rutted, or poorly (rained wet
surfeces. 18/ Since the Penn DOT policy has theoretical merit, it should be considered &
candidate Tor further evaluation by the FHWA {n the placement of such signs.

Tire Devign and Inspaction §tandards

Federal Motor Vehicis Safety Standard (FMVSS) No. 119 for new com:aeridal vehicle
tires is not specific enough to prolilbit tire designs that are similar to the design of the
bus rear tires that were invclved in this accident. Theso designs place supporting fillets
above the tread wear indicators and noncontinuous tread grooves are producsd when the
tire is worn to the fillets and befors the tire is worn to the tread woer indicators. As this
investigation fllustrstod, this design prectice defeats the function ¢f the tread vrear
indicator In indicatirg when a tire has worn beyond the point of maximum safe use with
respect to tread depth. The NHTSA, the Federal agency responsible foe developing and
enforcing FMVSS No. 119, should revise the Standard so that it effectively guards against
design pructices that render safety devices ineffective.

The State of Texns vehicle inspection criteria contain specific guidelines regarding
tira cuts, tire tread depth, and iread wear indicators, The bus had been inspected
11 monthe befcee the nceldent and had to be inspectod again within 2 weeks in order to
remain in service. If the bus had been inspected on the day of the acoident, Texas
Department of Public Safety inspection officlals maintain that tha right rear and left rear
cuter tires of the bus would have b.esn rejected during inspection because of the missing
gections of rubber, based on the inspection guidelines. However, the guidelines call for
rejection for cuts In excess of 1 inch and deep enough to expose the body cords, Un the
bus tires, the cuts were not deep enough to axpose the body cords. According to
inspzotion officials, the guidelines are interprated to mean that elther condition is cavse
for rejecting the tires; however, basey on a literal interpretation of the guidelines, the
tires would not have been refected,

While there is some quustion as to whether the rear outer tires would have passed
Toxas inspection guidelines for cuts, the bus rear tires probably woi'd have passed tho
guidelines for {read depth. The loft roar outer tire of the bus had borderline but
sulficlont tread depth In the two center grooves to pass the tread depth requivrement for
that tira, And, since the Toexas trea: depth requirement applies to only one tire for each
set of dual wheels, the limited tread depth of the left rear inside tire (bald In spots) wowld
not have been grounds for rejecting that tire on the basis of tread depth. Hince the right
rear outer end inner tires were not worn to the tread wear indicators, these tires would
have pamad inspeation for tread depth.

The right rear tires of the bus would have passed Texas inspection becsuse the
effoct of the Texas requirements [s largely negated by the fact that the provisions of
FMVSS No, 119 regarding tread wear ixiicators do not adequately take into consideration
the “fillets" used in tire designs. Based on the findings of this sccident, the Texas
Depariment of Public Safety should revise its inspaction criterla to requlire tires to bé
rejectcd before they are woen to noircontinuous tread groove depths, The left rear tires
of the bus wculd have passed Texas inapection because the tread depth requirement
applies to only one tire per dual wheel and allcws the passing tire to have less than
2/32 inch of tread depth in the shoulder grooves at the same time. 8inco the bus lost
traction with the tires in this condition, the Department should also reevaluate these
inmpection criteria to determine whether they provide sufficient lateral traction

capability,
187 old., p. 14,




Although the tires on the bus involved in the accident were nct subject to Federal
inspection regulations, many vehicles which do fall under these regulations use these same
types of tires. PFederal Motor Carrier Safety Regulations for inspecting commercial
vehicles that operate interstate contain guidelines reguc:’l:ﬁ minimum tread depth
requirements (49 CFR Parts 200 to 399). However, these guidelines will not be affective
for regrooveable tires or any other tires with a pattern of tread woar Indicators and fillets
that are similar to the bus rear tires, Jection 393.73(b) and (¢) of these rogulations
require 4/32 inch of tresd depth for tires mounted on the steering axle and 2/32 inch of
tread depth for tires mcunted on any other rxle, However, thess sections further state
that the tread depth measurements "shall not be made where the tle bars, humps or fillets
sre looated.," Trerefcre, since there was about 4/32inch of "tread depth" in the
remairing slots of the rl;iht rear outer bus tire, that bus tire probably would have passoed
Fedecal Inspection guidelines for interstate vehicles. -

The left rear cutes tirs and the right rear inrsr tire of the bus also probably would
have pamed Federsl inspection guidelines. These tires were worn to less than 2/31 inch of
tread depth, but only al one shoulder groove. As with the Texas Inspection guidelines,
Tedersl guidelines rejoct a tire only when the tread is worn to less than 2/32 inch in two
adjacent major, grooves. Therefore, these tires would have passed Fed~ral inspection

guidelines,

- Under PFedera' inspection guidelines, the bus would have been placed "out of
service,” moaning it could not be operated until repaired, because the left rear inner tire
- was bald in the two adjacent venter grooves, Unlike Texas guldelines, Federal guldelinas
do not limit tread depth requirements to only one tire for each sot of dual whaels on
buses, However, the Safety Board is mot ceriain that replacing one tire on the rear of the
bus would have been sufficient improvement.

It would seein inapproprlate to conclude that the bus operators should have changed
the rear tires or reduced traveling speed since the tires would have passed a majwrity of
inspection guidelines for tread depth and there were no signs advising of the need for
speed reduction at the sccident scene. The need for a change in some tires or at least
reduced travel spoed in general should have besn apparent to an expecienced busdriver or
mechanie. Howe: sr, an axperlenced busdriver or mechanic should be aware of inspection
requirements and could conclude that if the tires would pass irspection, they would be
sdequate for use. y

The Bureau of Motor Cariier Safety has responsibility for developing and enforeing
Fecderal Motcr Carrler Safety lLegulations for commerclal vehicles operating interstate
and the NHTSA has ratponsibility for developing and seeking the adoption of model State
motor vehicle inspection guidelines, The Safety Bosrd belleves that these Federal
agencies should examine all recommended and existing Inspection guidelines for
commerclel vehicle tires, establish appropriate guidelines, and advise the States of these
guidelinos. Commercial vehicle owners and operators should also be alerted regarding
g‘me guidelines to aid in developing an understanding of the need for compliance with

em,

Standerds {or Duteeting: end Correcting Highway Locations With Poiemtial
exther Probloms

In 1877, the FHWA began a comprehensive review of the wet pavement accldent
peoblem, the leading environmental cause of accldents, and encountered much controversy
over such items as pavement tosting policies for detecting locations with potentiel wot
weathar problems end policles for the coirention of thess locations, once detected. In
ravponding to a roquest by the FHWA for comments cbcut the vze of locked-wheel traller
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rosults, many States commenting opposed the establishment of any firm policies based on
these trailor test results, citing such factors es lubility, coots, a desire for flexibility,
lack of relitble test procedurer, and a weak correlation «r no correlation between
locked-wheel tealler results and eccidents or accldent rates. 19/ The Tex OT has no
written pollsies or standards for detecting potential wet weather problem locations that
are basod cn locked-wheel trailer results, According to a 1374 FHWA polley that is
curvently vnder reviaw, stardard locked-wheel traller test results of 0.37 or less at
locations with a 50-mph traffic speed indicute a pavement surface in need of "anaiysis for
corrective treatment." 20/ Under the FHWA policy, the standard 40-mph loft wheel path
results obtained sfter the accident (0.32 and 0.26) would have caused the location to be
studied for potential corrective traatment.

As to policies for corrective repair of the pavement surface that are based on
locked-wheel trailer results, the FHWA has no specifie policy and there is no national
policy from other national associations or egencies, The Texas DOT has no written poliey
of this type. In 1971, the Safety Board first recommended that the FPHWA establish a
policy in this erea, especially a minimum skid number or range of skid numbers whereby
the pavement surface would be corrected on & high priority basis, simply because of its
accldent potential. 21/ The Safety Board continues to recommend this action because
that type of policy, in combination with an appropriate tire policy, should at least
elininate tire-torpavement frictionsd quality that is equivalent to attempting to slow or
stop a vehicle equipped with adequat tread depth tires on ice. '

For example, the wet puvement frictional yuality at the accident site was slready
low at standard test speeds (0.32 and 0.26 at 40 mph) and lower at high speeds, (0.22 and
0.23 at 50 mph) when tested with a standerd test tire that was equivalent to an average
passenger car tire. Use of the bus front tire with more than adequate tread depth further

reduced tire-.0-pavement frictional quality to a level equivalent to attempting to slow or
stop on lce (0.15 at 40 .:nd 50 mph), Pa/ement frictional quality should not be permitted
to drop to a level where any tire with more than adequate tread depth end reasonable
frictional quality ocan produce such low tire-to-pavement frictional
qualities. 22/Additionlly, tire frietional quality should be maintained at some minimum
level s0 that minimun: standarde for pavement frictional quality will not be compromised
to dangerous levels. I 1976, the Safety Board recommended that the NHTSA estsblish
minimum frictional quelity standards for commercial vehicle tires and NH'CSA concurred
with the recommendation. 23/ However, to date, no rulemaking action has been taken by
NHTSA. '

According to the tests and phiysical evidence in this t.ceident, the establishment of
an appropriate minimum pavement skid number polley to eliminate hazardous stopping
conditions could also provide enough of an increase in lateral traction capabllity to even

19/ Told,, p. 16.

20/ "Highway Sefety Program Manual for Highway Safsty Program Stasndard No, 12,"
Federal Highway Administraticn, U.8, Department of Trarsportation, February 1874,

21/ "Highway Accident Report--Chartered Bus Crash on U.S. Route 22 (Interstato 78),
Near New Smit vl'lre,_Pe'nnsy“qvanIa, July 15, 1970." (NTSB-HAR-?1-8)

22/ The bus front tire had 14/32 inch of tread depth, which is more than sdequate tread
depth since 2/32 inch of continuous tread dapth is consicerad adequste for inspection
purpcses, A 0.23 - 0.15 = 0,08 deop in frictional quality between a standard test tiro
result and a large truck or bus tire result at 50-mph test speeds is not unusual and is
therefore considered reasonable tire frictional quality,

13/ "Highway Accldent Report--Metropolitan Coach Corporatlon Charter Bus Accldent,
ﬁeu‘ﬁg‘z ,"M‘Lﬂ'ar and, October 11, 1975." (NTSB-HAR-~76-6)
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cotapeisate for some truck and bus tires with marginal tread depth as an additional
benefit to safety. A graphic example was tho ability of the bus rear tires to follow the
front tive path as the busdriver staered aarply on the left shoulder to avoid going off the
road, The T3-parcent increase In friotionsl quality of the shoulder pavement (0.40 at
50 mph), as compared with the traflic lanes (0.23 al. 50 mph), permitted the busdriver to
perform an evasive turning maneuver that was 4 times sharper than the curve he was
maneuvering through at a slightly higher speed when lateral traction was first lost.
Therefore, the sclection of an appropriate minlraym skiu number policy at some point
betwean the shoulder and traffic lane whael path test values would seem to have some
potential in preventing loss of lateral traction accidenty similar to this bus accident,

In keeping with a needed minimum skid number poliey that vrould eliminate
hazardous utopping conditions, the 3afety Board belloves that the pavement at the
accldent sita should be updated on & hmwlorlty basis, The deteriorated condition of the
pavement ard increasing traffic dem provide further support for updating or a high
priority basie. In the absence of a national minimum skid number policy, the Safety Board
examined other State policies to determine if they could at least serve tn alleviate the
problems this accident illustrated.

Penn DOT has a pavement correction palicy that would require corrective work to
be completed "as scon as fiscally possible” for pavements with trailer test results below
0.30 and no significant aceident history, the circumstances at this location, 24/ Only
locations that have both low frictional quality and a high accldent history would take a
higher priority., (See figure 15.) Such a polloy is consistent with the Safety Bcard's
recommended minimum skid number policy, and the Penn DOT polley should be considered
for further evaluation and national application by the FHWA,

CONCLUSIONS

Findings

1. Pavemeni and tire terts indicated that the worn rear tires of the bus could
have lost traction on the wet pavernent with low frictional quality if the
busdriver was attempting to steer around the slight 2° curve at or near the
speed limit,

Tire serub marks that the bus left or. the opposite shoulder indicated that the
bus was traveling at or near the speed limit,

Poor pavement drainage qualities -- rutting, iiraited crowa, and limited
superelevation -- allowed water to remain on the roadway during the light
intensity rain that was falling at the time of the accident,

A lack of continuous trea” groove dapths on the worn rear tires of the bus and,
perhaps, shallow pavement texture could have hindered water on the roadway
from being channeled through or under the rear tire paths; this, in turn,
severcly limited the rear tires' ability to resist sliding sideways on the already
low frictional quulity pavement at or near the speed limit.

Physical evidenze and test data indicated that any small reduction in traveling
speed or improvement in tire or pavement condition may have prevented this
accident,

24/ Ivld,, p. 23,




SKID RESISTAMCE TEST RESULTS

Federal Instructional Memorandum 21-2-73, with reference to NCHRP Report a1,
nastabllshes a railonale for development of a set of minimum recommended skid numbe:s
(8}? for use in the determination of the need fcr correction of existing pavement
surfaces.” |

The Pennsylvania poliey for corrective work in compliance with IM 2i-2-73 will be
as follows for varlous skid numbers:

Cate- Skid Number Bxisting Wet Pavement Actlon by Engineering
gory (SN40) _Accident Problem District

A 30 or less At lesst 35% of all Immediate corrective action
accidents related to must be placed on an ap-
wet pavement proved program within one
year of date of notification
Also At least 45% of all of test results, Corrective
31 10 34 accidents related to action must be completed within
wet pavement the next year following
programming, but in no
case shall be greater than
two years after the date
of notification of test results,

At least 35% of all Corrective work to be completed
sccidents related as soon as fiscally possible.*
to viat pavement

No Same as "B" above.*
No Maintain accident surveillance
and take corrective action
28 neceusary,
35 to 40 Same as "D" above,

35 to 40 No Maintain surveillance for
possible future retesting.

G 41 or above --- No gction required,

- L,ocations In Category B shall receive priority over those in Category C when taking
ccrrective action due to the presence of an existing wet pavement accident problen,

Figure 15.-- Pennsylvania Department of Transportation
Paveinent Correction Policy.
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An examination of current State of Texas .nd Federal programs, policies, and
standards found that neither Texas nor Federal elements of this type were uble
to assist in preventing this type of accident.

The Safety Board was able to identify standards and policies usnd by the State
of Pennsylvania regarding pavement evaluation that could theoretically assist
in preventing this type of accident, but these standards need further
evaluation,

Currently, there are no national programs to alert the public to such factors as
the need for reduced travel speeds or for tires to be in appropriate condition
for wet weather travel, and none are scheduled in the “orseeedble future at the
Federal lavel because of other NHTSA prlority projects,

Sineo no pavement tests were made at tie accident site during the 1977 Texas
DCT nventory of this road and there 'vas no significant accident history near
the accident site, there was no reason for the Texas DOT to have been alerted
10 1 potential wet weather problem before the accident occurred,

The national guideline that is used by the Texas DOT for the posting of
"slippery when wet" signs is too general for consistent application, as
evidenced by the fact that no signs were placed warning of the low frictional
quality pavement after the bus accident occurred, even though objective
standard tests revealed low quality pavement.

Pennsylvania has a policy that would require "slippery when wet" signs to te
posted a3 a result of the paven.ent tests made after the accident; its
guidelines are theoretically practical and (I!fective and should be further
evaluated as a candidate for national application,

Federal Motor Vehicle Safety Standard (FMVSS) No. 119 for commercial
vehicle tires is not specific enough to rejec: tire designs that produce
noncontinuous tire tread grooves before the tires are worn to the tread wear
indicators, rendering the tread wear indicators useless as an indicator of when
a tire has exceeded maximum safe use with respect to tread wear.

While there is some question as to whether the rear outer tires wouid have
passed Texas inspection guldelines for cuts, because of limits in FMVSS
No. 119 and Texas regulations, the bus rear tires probably would have passed
Texas guidelines for tread depth on the day of the accident, even though ithey
were worn below continuous tire tread groove deptha and less than 2/32 inch of
any tread pattern remained in areas on three of the {our rear tires.

Although not apnlicable to the bus involved in this accident, Federal Motcr
Carrier Safety Regulations for inspeeting vehicles that operate interstate and
use similar tires do not contain appropriate guidelines for rejec lin, tires tha
are woen helow continuous tire tread groove deptt.s.

It would seem inappropriate to conclude that the bus operators should have
changed the rear tires or reduced traveling speed since the tires would have
passed a majority of inspection guidelines for tread depth and there were no
signs advising of the need for a speed reduction at the accident scene.




Many States oppose the establishment of any firm policies to detect or correct
potential wet weather problem locations based on lo. ted-wheel skid trailer
test results, and the Texas DOT has no written policies in this arca.

According to a 1974 FHWA detection policy that is currently under review,
locked-wheel trailer test results made after the bus accident would have
identified the accident site as a potential wet weather problem location and
would have initiated a study of the accident site for potential corrective
treatment.

There continues to be no specific national policy that would esteblish a
mifnimum skid number or range of skid numbere, whereby at least pavement
surfaces that produce conditions equivalent to a vehicle's attempting to stop
or slow on ice with good tires would be corrected on a high priority basis,
simply because of their accident potential.

Although the National Highway Traffic Safety Administration concurred with
a 1976 Safety Board recommendation to establish minimum frictional quality
standards for conmercial vehiele tires, no rulemaking activity has been
initiated to date,

In keeping with its recommended minimum skid number policy, the Safety
Board believes that the pavement surface at the accident site should be
updated on a high priority basis because of its limited ability to provide
adequate tire-to-pavement braking traction on wet pavement; increasing
traffic demand and the deteriorated condition of the pavement provide further
support for updating on a high priority basis.

According to a Pennsylvania policy for correcting the pavement surface that is
based on locked-wheel trailer results, corrective repair of the pavement would
be completed as soon as fiscally possible; only locations that have both low
frictional quality and a high accident history would take a higher priority.

Since the Pennsylvania policy would give high priority to cortecting pavements
with low frictional quality, it should be considered for further evaluation and
nutional application,

Probable Cause

The Nationai Transportation Safety Board determined that the probable cause of the
aceident was the low wet cornering capability of the marginal yet "legal" rear bus tires
and the low frictional quality of the wet pavement, which combined to produce loss of
rear tire traction and vehicle control as the bus was being operated at or near the posted
55 mph speed limit.

RECOMMENDATIONS

As a result of its investigation of this accident, the National Transportation Safety
Board recommended that:

--the Nationat Highway Traffic Safety Administration:

Accelerate its activity to establish rulemaking action for minimum
frictional quality standards for commercial vehicle tires, (Cless II,
Priority Action) (H-81-133)
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Advise State Motor Vehicle Inspection agencies of the problems
essociated with operating vebicles equipped with tires worn to
noncontinuous tread groove depths, (Class I, Priority Action) (H-81-34)

Issne model inspection criteria to prohibit the use of tires worn to
noncontinuous tread grouve depths, (Class II, Priorlty Action) (H-81-35)

Resvaluate its Federal Motor Vehicle Safety Standard No. 119 to
eliminate tire designs that produce noncontinuous tread grooves befoce
the tire is woen to the treed wear indicators. (Class I, Priority Action)
{H-81-38)

~~tlvz Pederal Highway Administration:

Revise Sections 393,75(b) and (¢) of the Federal Motor Carrier Safety
Regulations to prohibit the use of tires worn to noncentinuous tread
groove depths on any axle of a eoctamercial interstate vehicle. (Class Ii,
Priocity Action) (H-81-37)

Issue an On-Guard Bulletin to advise owners, operators, maintenance
personnel, and State commercial vehicle inspectors of the problems
associated with operating vehicles equipped with tires worn to
noncontinuous tread groove depths. (Class Ii, Priority Action) (H-31-38)

Bvaluate Pennsylvania Department of Transportation policies for the
plu2ement of "slippery when wet" signs and the detection and correction
of potential wet pavement problem locations for national policy
purposes. (Class II, Priority Action) (H-31-39)

--the Texas Department of Public Safety:

Revise its tire tread depth inspection criteria to prohibit the use of tires
wotic to noncontinuous tread groove depths, (Class U, Priority Action)
(H-81-40)

Recvaluate its tire tread depth inspection citeria that limits the tread
depth criteria to only one tire in each set of dual wheels while
permitting that tire to have less than 2/32 inch of tread depth in the
shoulder grooves at the same time, (Class I, Priority Action) (H-81-41)

—the Texas Depart ment of Highways and Public Transportation:

Post "slippery when wet" signs with flashing lights at the accident
location until the pavement surfece Is repaired and its skid resistance
qualities are improved, {Class II, Priority Action) (H-81-42)

Repair and improve the skid resistence qualities of the pavement surface
at the accldent location after those locations with high accident
histories and low frictional quality are improved, (Class Ii, Priority
Action) (H-81-43)
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/s/ EBLWOOD T. DRIVER
Vice Chalrman
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Member

/s/ PATRICIA A, GOLDMAN
Member

/s G.H, PATRICKR BURSLEY
Member
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