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FOREWORD

The a~cident describsd in this roport was investigated under the
authority of the Indspendent Safety Board Act cf 1974, The North Carolina
Department of Transportatica and Safety, the Hovth Carolina State Bureau
of Investigation, the North Carolina Pescuo Squad, the Federal Highwsy
Adainistration, the Nationsl Bureau of Standards, the National Highway
Traffic Safety Administration, the United States Army Corps of Enginesrs,
and the engineering consulting firm of Modjeskl and Masters cooperated
with the Safety Board's investigation.
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NATIONAL, TRANSPORTATION SAFHTY BOARD
WASHINGTON, D.C. 20594

HIGHNAY ACCIDENT REPORT
Mopted: April 22, 1974

AUTCMOBILE COLLISION WITH AND COLLAPSE
OF THE YADKIN RIVER BRIDJE, NEAR
STLOAM, NORTH CAROLINA,
FEBRUARY 23, 1975

SYNOPSIS

About 9:25 p.m. on Pubruery 23, 1975, an automobile struck a vitel
structursi member of the Yadkin River Bridge near Siloam, North Carolina.
The collision occurred in heavy fog. Following the impact, the bridge
collspsed and both the automobile and the bridge fell into the river. Six
mors vehicles vaulted into the collspse zone within a 17-minute poriod.
Baar persons were killed and 16 were injured.

The Netional Trenspertation Safsty Board determines that the probable
ciuse of the bridye collspse was the penotration of the timber railing
by the vehicle and its subsequent impact with and crushing of s vital
structursl member of the bridge truss, The timber ralling was not adequate
to sustain impact at posted speeds.

PACTS
Tho Accident

About 9:25 p.m. on February 23, 197}, s white 1973 Thunderbird was
traveling southbound about 40 mph on State Route 1003 near Siloam, North
Carolina. The roadway was wet from nisting rain and shrouded in fog,
which roduced vi~ibility to 2-20-3 car lengihs.

The Thunierbivd approsched the Yadkin itiver Bridge and entered the
truss roadway. After entering the truss, the driver lost control of the
vohicle. One hundied and forty-one feet afier the vehicle entsred the
tivss roadiway, the left front fendar of the vehicle contacted the left
bridge reil. The luft whesls did not contact the curb and only minor
danage was sustained by the left front fendur.




The vehicle then moved to the right, and the right front of the
bumper and fonder struck and penetrated the right timber bridge railing
about 40 feet from the south exit of the txuss, The right tire climbed
the curb, and the right front .nd of the bumper contacted a pair of 7/8-
inch vertical hanger rods which supported a flcor beam, located 25 feot
from the truss' south oxit. One of the palr was snagged by the bumper
and was brokea. The right front wlieel then dropped to ths outside cf
the curd as the vehicie continued along the bridge. At the end of the
bridge, the vehicls struck the truss’ scuthwest end post, which supported
25 percent of the hridge's dead weight st the pier. (See Pigure 1.)

The speed of tle vohicle as &t struck the end post was estimated to

have been about 30 mph. Ay the vehicle tumper struck the end post, the

end postfs stiuctural cruss section began to crush; then, because of the
comvination of the rveduced structural cross scction, the horitontal force
of the vehicle, and the dead load of the bridge, the snd post began to bend
and move. As the snd post moved southwesterly, the vehicle rotated
clockwise. Its left rear struck and broke the east bridge rall, and

the tire and whaol struck and broke the curb. The vehicle continued

to rotate until its left rear wheelwell contacted the scutheast end

post.

The bending and sudsoquent collapse of the southwest end post
croated stross lovels in members near the center of the truss that
caused their failure and the collapse of the tniss into the river.

(See Figure 2.) The vehicle fell into the water with thy south ond

of the bridje truss and sank, upright, near the pier face. The water
covered all but a snall area of the roof ani the rear window. The rear
window broke during the collision and sllowed the driver to escape.

Another southbound vehicle (Mo. 2) vaulted into the collapse zgye
and struck the upright truss, resting in the river, near joint UlW;2
this impact caused that portion of the truss to collapse further. The
vshicle rema:ned upright and came to rest on top of the collapsed
structure. The vehicle occupants survived the crash.

Two northbound vehiclus (Nos. 3 and 4) vaulted into the collapse
zone and came to rest upside down. No. 3 containad four occupants,
two of whom drowned. Ths driver of that vehicle went for help after
he reached the shore. No. 4 contained two occupants who reached the
roof of the Thunderbird to avait rescue.

——

1/A11 1sbeled joints and members are depicted in Figure 3.
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Another southbound vehicle (No. $) vaulted into the collapsc zone and
came to rest upside down on the collapsed truss. WNater entered the sehicle
to a depth of about 1 foot. Two of the occupants died.

The driver of No. 6,  which was behind Mo. 5, attempted unsuccessfully
to stop and his vehicle slid into the collapse zcne. All of the occupants
of No, 6 survived, Ome of them was able to reach the bank and roadway to
warn other traffic of the hazard, but not before a soventh vehicle veaulted
from the north approach and came to rest upside down on No. 5.

A nearby resident, advised of the hazard by the driver of vehicle
No. S, closed the south approach to the bridge.

The bridge collapse and the entry of the vehicles into the collapse
zone occurred within a 17-minute period. Four persons were killed and 16
persons were injured.

Accident 3ite

The accident occurred on State Route 1003, 1/4 mile south of Sil~anm,
North Carolina. Tho posted speed limit is 55 mph. No requirement for
reduction in speod was posted on or near the bridge. An advisory sign,
posted 650 feet north of the bridge, read "One lane bridge.'" A similar
sign was posted on the south approach.

State Route 1003 is a two-lane, asphalt-surfaced road which bears
north and south in the vicinity of the Yadkin River Bridge. The roadway
is part of the Fede~al-aid secondary systea, The surface of the asphalt
roadway in the vicinity of the bridge demonstrated a high skid resistance.
The bridge's roadwsy surface was timber; it was not paved nor was it
covered with skid-resistant material. The roadway was 20 feet wide, oxcept
on the bridge, where it narrowed to ons lane 11 feet 2 inches wide.

Witnesses to this accident indicated that vehicles entering the
bridge usually slow to 25 mph or less becauso the roadway narrows to
one lane and because the driver's view of the bridge roadway is partially
obstructed on both approachos to the bridge. The slowing of the
vehicle enableos a motorist to judge if a vehicle from the opposing
direction has entercd or is about to enter the bridge.

The roadway is marked with white stripes along the edges and with
a yellow centerline in the lengths where two laras exist. The center-
1ine narkings stop before the lanes narrow to one, near the bridge.
The whito edge stripcs continue to the bridge, whoere they terminate.

Approaching the bridge from the north, the roadway has a 5-degree
curve to the left. The roadway grade during the lest 225 feet before
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the truss is a 4-percent upgrade. Thrae hundred feet before the bridge,
the roadway starts to narrow. Approaching che bridge from the south,

the road narrows 390 feet before the bridge. The roadway grade during
the last 200 feet befors the bridge is a 3-percent upgrade. From either
approach the bridge is visible for 1/4 mile on a clear day, The road-
way surface of the truss was about 30 feet above the water surface st the
time that “he bridge collapsed. The river bottom at its lowest point

was 36 feot below the deck.

Neight 1imit signs, reading "Weight limit 7 tons," were posted at
the entrances to the bridge.

No skid test had been performed on the bridge's timsber roadway
surface before the accident. After the accident, skid tests were per-
formed at seven locations on the approaches to the bridge using a
skidtralier (ASTM Method E274). The average skid rumbers (SN) wero
SN2g61 (tested at 20 mph) and SNy$4 (tested at 40 mph). A British
Portable Tester was used at the same seven loc:7ions and provided an
average frictional resistance reading of 68.8.2

The British Portable Tester provided an average reading of 73.6
for five locations on the side spans and an sverage reading of 49.2
for five locations on the truss,

No research data was found to correlate the test results of the
British Portable Tester with values that would be obtained using the skid-
trailer (ASTM Msthod E274) on timber surfaces. Limited research indicates
that, at low speeds, a correlation can be made for asphalt and cement
concrete pavements., The same research report indicated that correla-
tions between rough and smooth surfaces can have substantial varia-

tions. It 1s not clear in which category the timber surface would be
classified.

On the day that the bridge collapsed, a light rain had started in
the late afternoon and was subsequently followed by a heavy fog. Witness
statoments indicated that visibility at the time of the accident was
reduced by heavy fog to between 40 and 60 feet near the bridge. There
was sufficient moisture to wet the surface of the roadway and to cause
some motorists to use their windshield wipers. There was no wind at the
time of the accident,

The traffic accident recsrd from January 1969 to February 23, 1975,
indlcated that four accidents occurred on the bridge. These accidents

2/The speed of pendulum on this tester is about 7 mph.
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involved one vehicle which lost control, two lhead-on collisions, and a
rearend collision. The roadway surface was wet at the time of all four
accidents.

The Bridge

Ths bridge was 385 feet long and consisted of five spans. (Ses
Figure 3.) The center span was a 223-foot steel through truss., Its
length extended across the river and was supported by concrete piers.

Tha truss-bsaring plates were bolted at the north pier and rested on

a cluster of rollers c¢1 the top of the south pier. The rollers allowed
the structure to expand and contract under changing temperatures. Ancnoy
bolts, imbedded in the south pier and extending through the base plates,
were designed .o limit excessive movements of the truss,

The approach spars consisted of two 40-foot spans at each end of
the truss.

(repsote-treated timber curbs, 10 1/4 inches high, were installed
on both sides of the bridge roadway surface. The bridge railing consist-
ed of two 2-inch by 6-inch wood members supporied by 4-inch by 6-inch
timber posts at 6-foot centers. The railing was painted with alurinum
paint.

The truss was velieved to be designed before 1928, The truss
was removed from its original location and stored. In 1937, the State
began to erect the truss over the Yadkin River at Siloam. The project
was completed and opened to traffic in 1939.

The maintenance inspection reports for 1972 and 1974 indicated that
oxcessive high loads on some trucks had damaged the overhead portal bracing
on tha oridge. A local resident stated that a truck had struck the portal
bracing on the south end of the bridge on the upstream side about 2 years
before the bridge collapsed. The police had no report on file concexning
that accident.

The DOT4S furnished records of bridge inspections performed in 1964,
1969, 1972, and 1974. These reports were the only official inspection
records.

The 1974 report gave a much lower rating to most structural elements
than did the previous reports. The decking, the portal bracing, and a
broken joist on an approach span received critical ratings. The truss
aligneent, end posts, truss verticals, a loose anchor bolt at the L9
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bearing, and the structure’s response to live loads received poor ratings.
The Teport noted the nature of damage to the portal hracing as well as a

2 1/2-inch downward bow in che UBE-LSE downstream end post and a 4-inch
nusrd bow in the USW-10W upstream end post. The report sumsarized, ''Truss
need.s dsmaged mewbers repaired,™ and stated 'Truse is being overloaded
terribly. Tractor trailers, dump trucks, agc."

A painting record for the bridge was not available, State officials
indicated that the bridge was probably last painted in 1970.

The DOT4S had repaired the decking and joist cn the approach spans
jimmediatoly before the collapse. No repairs wore madu to the truss norx
had there bewn any snalysis to deteormine if changos were needsd in the
waight limit. DOTES officials stated that the lack of analysis resulted
from insufficient staff to nake & timely review of inspection reportsa
received frum the inspection teams. TWhe staff in tlie headquerters office
was being increasod based on a budget request aprroved by the State
logislature shortly before ths bridge collapsed.

Bridge Damage

During one of two floods which occurred after the bridge collapsed,
the structure rolled over and came to rest at & 45-degree angle from the
north pier. Tho north end of the structure rotatod ebuut the point where
one of nino remaining cables had been attached after the bridge collapszd
to stabilize the structure against normal currents.

Substantial damage was inflicted on the structure, particularly
¢rom LS to L9. That portion had naintalned good integrity during the
collsse, but it becam twisted severely during its movement downstrean.

Most: of the curb and the bricje rail were lost in the floods. A
part of ‘he curb and part of the bridye rail were lost inwediately after
the coll.pse. Some decking wes lost during the collapse as well as in
the floods.

The removal of the bridge and the laycut of the components was
completed on April 2, 1975. (See Figure 4.)

i fore the floods, white paint marks were found on the underside
of the end post members USE-L9E and USN-LSW and rm one of a pair of
tension rods that supported the deck. No scuffing of tho inside-vervicul
face of the curb was apparent on the timber curb that remeined between

L7W and LON. Only 30 feet of the 50 fzat of curb betwaen LW to LOW
renained at the sucident site before the {lord.
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Broken pleces of automobile vesr wirdow glass were found on the pier
op st tho Tridze's southeast coxner, which supported end post mumber
USE-18K. M \dlight glass was found on the top of the southwes: |
corner of the pler. ["leces of white fibarglass auto trim molding were
found on the deck of tho approach span which wss sdjacent to the south
end of tho truss,

On the river bank, southwest af the south end of the truss, se.eral:’
pivias of the dridge ralling and gless from an automcdile headlight ware
£fosud, : ' ' ‘

' wmﬁgﬂ banger Rud--One of ths pair of vertical hangar rods (L3N-
Uli) thet supported thu flcor besn ¥as broken.

'_i‘;m vhoinl-~The top chonis U2-U3 (B grd ¥) were fractured toxplstely |
at tbﬂr cemrnctions to the pin at joints U2 (E and W). .

End post USH-IOW wes bent to an angle of 70 degrees batwoon the
botimm suifacns of. the wmbor (about the laters) axis) and the L9 end had
roteted ciockyise an ostimated 25 degrees to a vertical longitudinal plane
through the menber. (5¢e Figuro 5.) The center of the bond was located
21 inchan sbove the tufy surface of the deck. The sides of the end pnst
were collupsed tewerd thy ocutboard side of the wember. o

T terul Bracing (Horiiontal Plane)--Tension rods on the top of
the tr%%ﬁfi- W &H'ﬁm were shom)'to have been broken before the

flsod, »hich cccurred after the bridge collspsed but befsre it could be
dismantled, No othor similar masber was broken.

Bottom Latyral Bracing (Horizcatal Plsne)--fn inspection of the
lateral tracing »od LSE-LOW end other evidencs revesled that it was .
not broken and that it was attuched properly when the dridge collupsed.

Intevvi wis with witnesses vho tinveled over the bridge between 1 and
9:25 p.m. revealed that no uausutl condition uxisted at the south end
of the truss where the L9 bearing asscmbly was located.

Diagonal Live load Tension Members--The cross sections of tension
mm?'fnf(riﬁ and ViE-USE were found to have been fractured coapletely.
The LAE-USE mmalier contained aluminum paint in verying amounts on a voriion
of tlie fractured cross section.

Anchor Bolts st Plors--Ssvea anchor bolts sheared, pulled out,
or mlled through the truss basy plate. One bolt had tailed before
the Yridge coliapsed, mcoording to the waintensace report.
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Demage s, Vehicie No, 1

The 11ght sids of tho Lumper contained a ?/8-inch-wide vortical
indentation with fractures on the front face near the bottom suzface. The
buper wus broker: 100se from its connections to the tyo shock-sbsorbing °
colums, Ths column’ wore bent about 90 degress toward the right, (Soe
Figures 6 shruuygh 2.)

To the left of the buspar conterline were two parzaliel diagonal
indentations about 13 inches apart. (See Figurs €.) They extendmd onto
the hood of the vehicle and were equal in width to the outside dimunsions’
of the botiom width of the end post. :

The vsnicle radiator wes displaced to a position egainst the ongine.
The vheel bazo was found to have been shortened % 1/2 inches on tho left
sids and 3 inches on vhe right. ‘

The right front tire sidewsll surface contained scuff marks. The

color of the mirks was similar to the black croosote praservature peint on
the timber curbs. |

The left front whee) coatained no scuff marks that would indicate
that it had contacted the curb. The wheel cover was undamaged and on the
“!00!. r l

The rear wheel cover was aissing. The wheel rim contained light
sbrasions on a portion of its outer radius and had several small tiuber
chips lodged just inside the »im's oedge. The sidswall of the tire was
split and there was a saell cut at one end of the split.

An analysis of the tire damage showed that the tire failod bocause of
& cutting action rather than an impact or blowout, and that such cutting
occurred while tho wheel was rolling or rotating slowly. ‘the wheel rim

snd tire did not exhibit zny evidence of having rotated significantly
after the tire was deflated,

Yehicle Drivers

The Thunderdird was driven by ths owmer, a 46-year-old resident of
¥inston-Salem, North Carolina. He held a valid North Carolina operator's

licensé. Tha driver was the only occupant of the vehicle at the time of
the sccident.

The driver's traffic record indicated three convictions ae follows:

Recklass Drtving 4/23/73

Speeding, 115 mph in a 65-mph zone 6/26/72
Speeding, 75 nph in a 65-wph zone 10/8/71




[ R

rhird;

shewing
Thunde

»

e of the
silver paint marks,

post,

s (arrows) that corrys-

Thzad-rbind

LOF

2t ond

B e

197}
ation with
idge rail

(3
-

ﬁa

s
R

o the right front sid
vh tho br

tes an indent
wi

et

dth of the southwe
3

WK
fca
N

ft fxrom contn

wi

-~
-
A
-m
-
g
L4
-
L
=
2
©
oS
L

Frout view of the

8
Da

ad

a6,
8

Figux
dusage
pond to

e g o o b B

Tl

Ll
.

te 7.
the arzrow ind

Figu
1 {




jew of the Thunderblird;

fdge reil protruding through

v

and rear v

]
-
)
i
-~
"

Right side

o 8.
¢ indicate
lweld,

:a

Pign
are
whao

of ‘munderbird Lwith

side and roar view

iting from conti

post (arrow)

[ ] m ft
'6su

L

Pl@ro

southsast end

th the

ct wi

(}

damsge 1




No tosts wexe glven to determine sobrimety.

Tha deiver was faniliar with the road and the bridge from previous trips
in the arca. He had driven the Thunderdbird infirequently.

The driver stutcd that he was wearing the seatbelt at the time of
the accident. Tho chest restraint hirmess was not being used end was
Yound in 1ts storod position after the rccident,

The driver's injurios consisted of a strainad back, miaor lacsraions,
and dbruised Intestines.

The dviver stated that he was txaveling ahout 35 to 40 nph as he
approached ths trldje and that he slowed the vehicle before entering tho
truss to ses if opposing vehicles were on the bridge. He did nst estinate
his speed on the bridge, but he suggested that 20 to 25 mph would bo a
safe spood, He sald that tha bridgo seeded to sway after he entered it
and that tho Thunderdird was Jifficult to control. He could recall hitting
his head on something, such as the side window or front window, snd then
falling toward the viver. He could not recall any other events rslatlve
to the collapse and did not indicate that reduced visibility had affected
his control of the vehicle.

A witreas roported that the Thunderbird overtook and passed his
vehicle at 40 to 45 mph about 1/3 mile from the bridge.

The driver of vohicle No. 3 was familiar with the roadway, His
vehicle was the first to veult from the south spen. He stated that
visibility was poor and that the roadway was wet. He estimated that he
was travaling 25 to 30 mph and that ho slowsd as he aspproached the first
spans of the bxidgse., After he entered the side spans, he odbserved the
truss to be nissing and he applied his brakes, but his vehiclo continued
to the end of ¢ho necond side span and droppud over the edge. The driver
indicateda that he helioved he could have stopped the vehicle if he had
had 5 more feet of roadway. ‘The vehicle’s point of rest suggests that
the vehicle was reacking O velocity as it tell from the bridge side span,

The driver of vehizle No. 6 was <raveling to the bridge because he
had heard shouts for heip. He said that there was heavy fog and misting
rain and that the roas vas wet. He was follewing vehicle No. §. He said
that ho was traveling abiout 30 wph as he aspproached “e bridge and that
he slowed to about 20 mph as he entered the fli'st span. He stated that
he was about 4 to 5 cur lengths behind No. 5 amid as that vehicle neared
or ceached the point of collapse, he saw the vehicle's brakelights go on
He was about 1 car length onto the first span when he saw the brake
1ights; he lwmedlately braked and siid toward the collapsed area to a
near-stop before his vehicle wort over tho end of the span into the
collapse zone.
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Calculaticns for vaulting spaed indicate that the speed o yehicle
Ne. 5 was at or vades 25 mph ar it let tlo erd of the bridge span and the
‘sptod of No. .6 way ebout 3 mph as it loft the bridge span. - L

ANALYSIS .

Tho analysis of the events that lad to ths bridge's cellapse and to-
tho vehicles' vauluing into the collapse zone was mado by utilizing two
approackes and a mmber of techniques within each approach.

The first approech was to reconstruct the events by the uss of
physical evidence Including photographs, laboratory analysis of physical.
evidence, und testimony, The sscond spproach wy to utilize a stress
analysis of the tiuss using e computer program, <

Tho stress analysis was used to verify the load rating requirqiants
for the truss under conditions whers the structural daisage reported in the
1974 maintenance xepoit was considered. - '

Other coaputer analyses considered the effects on the truss stability
of the failures that were found in individual members during thc investi-
gation. The effects of these fallures were analyred in various coohinations
and sequences, | | :

- The Federal Highway Administration utilized its Highway Vehicle :
Ubject Simulation Model (HVOSM) computer program tc analyze how the Thun-
derbird’s stabiiity would have been affected if diagonal members L4E-USH
and L3B-U4E had bwoken before or during the vehicle's entxry onto the
bridge, rather than as a result of the vehicle's impact with the bridge
membors. The expacted deflecticns of thz roadwiy were furnished from the

stroas analysis,:

The strustural snulysis s:sported the analyﬂs derived from the
physical evidence. From bsch ansiyses, the follewing accident sequence
was reconstructed. | \

Accldwant Sequence

The thrust of the southwest end post, undur impact by the Thunderbird,
crealed high strass levels in nusexrous membors of the truss and a misalign-
mont of the top chord as the top of the south e¢nd of the structure moved
outvard in a southwesterly direction.

3/Modjcski and Masters, “'Pinal Report of the Yedkin River Bridge €Collapse

b

Investigation," September 1975,
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With the failure of the southwest end post, three top laterals {U3B-
U4V, U4B-USN, and USE-USI) were stresced to lavels of expected fallure and
diagonal 1AE-USE, vhich contained & large flaw or crack that reduced its
cross section, was stressod to 6 tiwes its yleld point. Member IAE-USE
probably feiled first, followed by top laterul ncabsrs U4E-USH snd U3B-
gm. The failure of diagonal L3E-U4R probably occurred after the other
ajlures.

: The failures of diagonal LAB-USE snd of lateral U4E-USH were sufficient
to distort the top chord; this caused a torsional hinge to develop in the
niddls of the truss. The south lLalf of the triss then could rotate rather
frealy without resistance from the north half., The south half continued

to aove westwaxd or clockwise and the north hslf vemained in a vertical
position be:ause of its weight and the restraint imposad by the anchor
bolts atteching ths truss to the pler.

As tho top of the south half of the truss rotated clockwise, the
tenter of the structurs was no longer stable and started to descend dowm-
aard, The south end, supported by rollers and minimally restrained by
three corroded anchor bolts, moved off the south pler northward and then
downward towards the river. With the south and off the pier and wmoving
downward, the north end started to move to the southwost, pulling three
of the four anchor bolts from the concrete pier. The north end Jdropped
from the pler and tho timber deck came to rust against the pier face. The
northarnmost 75 feet: of the truss came to st in a vertical position; the
truss configuration wus maintained from L0 to L3. From L3 to LS, the top
chords rested at an angle to the south half of the truss, which was lying
horizontal in the river with the west bottcm chord on the river bottum.

Vehicle No. 2 was the first vehicle t> vault into the collapse zone.
1t probably struck the upright truss on the northwest end post immediately
noxth of joint UIN, 7The impact caused the unstable truss sections to
collspse downward and soutinrard, The top chords came to rest near the
timbar deock, cowpletely fracturing the toy chords at joints UZB and U2V,
The veshicla speed was calculated to have been butw.en 25 and 30 mph as it
left the roudway.

Yehicles No. 3 and No., 6 almost stopped successfully. Calculations
shoxed that Af the skid rumber of the roadway deck was increased by
10, the suxface of the roadway deck would have provided enough resistance
for the vehicles to have stopped safely.

Inventory load Rating

Ths inventory rating of a bridge is a measure of the vehicle woight
that the structure con carry safely focr an indefinite period. The posted




wolght capecity of bridges usually 1s based on their inventory ratings,
The lnveatory xating analysis provides for a factor of safety so that a
bridge can carry loads heavier than the inventory rating, without failure,
for limited periods,

The truss was analyzed to deteimine stress levels on structural
. meabars that would be caused by various theoretical vehicle loadings travel-
ing scross the span in order to establish an inventory rating, Of particular
intexest wore (13 the effects of the sarlier damage on the end post and (2)
the effects oX the large crack in diegonal IAB-USH.

Tne partial factures of the cross section of L4E-USE had reduced the
inventory xating to 3.5 tons. The damage to the end post further reduced
the inventory rating to 1.2 tons. ' A 2.2-ton weight limit would have been
marginally safe for the passage of automobiles. The actusl posted limit
was 7 tons. '

Stross Analysis

Diagonals and Laterals--Top laterals U3E-U4N and U4E-USW and diagonals
L38-U4E loﬁ [AE-USE wer's found to be broken following ti:é collapse. The
1AB-USE diagonal had been fractured partially long before the asccident.

The structure was analyzed for stablility under the cordition that all of
these meabors were removed from the truss, The weight of the Thunderbird
was locatod at critical points to give the maximum stressos that would have
to ba carried by these membei's. The snalysis indicated that the bridge
would not have collspsed, nor would severe distortion to the siructure

have occurred, if it had not bsen struck by a vehiclo.

The vaximm deflactions of the truss, with the sbsence of two
laterals and two diagonals cited above, were analyzed »ith the vehicle at
the most critical location (front wheels at point L4); the vertical deflec-
tion was 1/2 inch, Iridge structures normally deflect when vehicles
(live load) are moving on the roadway. The FHWA standavds, as contained
in currently adopted American Assocliation of State Highway Officials (AASHO)
speciticatins, permit as much as a ¥ 3/8-inch deflection on a truss with
& span length of 223 feet,

End Post--The ivaluation of stress levels indicates that diagonal L4B-
USE sustalned the most stress during the collapse because of its reduced
cross section from the earlier fracture. However, if that member had had
s full cross section, the lateral USE-USHN would have reached a critical
stress aidl would have benn the fiwst to break. With the lateral breaking
first, the stresses would have increased in the diagonal to a level to
cause falluro even with a full cross section present,
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Therefors, the final résult would have been the scme regardless of the
prosence of the fractured cross section in diagonal J4H-USE, and only the
soquence of failure of the two nembers would have been aifected.

Impact Forces on End Post--Damage to the Thunderbird, the speed
necessary to mxmt the curb, and the speed necessary to carry pleces of
hoadlight glasuy and bridge debris to points on the river bank sugpest that
the Thundzrbird could have been moving sbout 30 mph wvhen it struck the
end post. Scwe slowing of the vehicle prodably occurred when it centacted
and destroyed the 40 fest or more of the bridge rail and when it struck
and broke the hinger rod.

While the ¢xact G-forcoe levels cannot he determined with avallable
data, the speed of the Thunderbird was sufficient to create G-forces wall
above the 7.8 G's determined to be critical to the end post in the undamaged
condition, The demage to the Thunderbird and to the bridge would suggest
a speed range on the tiridge of 36 to 40 xph. The upper limit would be
consistoent with the speed observed by a witness and cited by the driver of
the Thunderbird on the approach to the bridge.

Anchor Bolts--Tho anchor bolts were found to be substandard in size
when compared to current or past AASHTO specifications.4/(The AASHTO bridge
specification standards have been adopted by FHNA.) Analysis detormined
that & standard installation of anchor bolts would not have prevented the

truss from collapsing into the river.

Vohicle Stability

The Safety Board analyzed what effect the roadway's deflections would
" have had on the Thunderbird's stability, given the hypothesis that laterals
U3SB-U4N and U4E-USW and diagonals L3B-U4E and L4E-USE had broken when the
Thunderdird reached point L4 and given a 1 1/2-1ach vertical doflection on
one side of the deck. The analysis indicated that the deflection would
not have affected greatly the path of the vehicle. The vehicle would
have moved about 2 1/2 inches laterally toward the low side of the roadway
in 135 foet of travel froam panel pcint 1 to patel peint 6. Therefore, even
if the four structural members had been broker, the effects on the moving
vehicle would have been minimal and not suffi:lent to cause loss of
vehicle control.

Witnesses traveling across the bridge limsediately before it collapsed
reported no wusual motion or vibration of the bridge that would suggest
that the bridgyv was unistable, The reason the vehicle struck the bridge
cannot be determined.

4/"Standard Specificdtions for Highway Bridges," American Association
of State Highway Offi:ials, Bleventh Edition, 1973,
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Driver Visibility and Reaction

Rased on the statements of witnesses, a driver's visibility at the
bridge was betwsen 40 and 60 feet. The speed at which a driver could
porceive, react, and stop safely, given 40 feet of visibility and a dry,
nigh skid-resistant surface normally would be about 15 mph. Given 60
feot of visibillty, the noimal safe speed would be 20 sph. These safe
speeds would be oven less given & wet road and a possible longer perception
time caused by a driver's disbelief that the road coild be missing.

The speed of the vechicles that vaulted into the collapse zone was
estimated to be 20 to 30 mph as they approached the bridge. At these
speeds, the opportunity to stop safely under the existing conditions was
marginal.

Vehicles usually slowed to about 25 mph to cross the bridge under
normal conditions. If the e had been no fog, most if not all of the six
vehicles might have stopped safely.

Road Skid Resistance

The bridge's roadway surface could not be tested with the skidtraiier
after the accident and it had not been tested before the accident., There
iz no information vertaining to the skid resistance of timler surfaces
or to the correlation between skidtraller test values and the British
Portable Tester values on timber surfaces. Therefore, the Safety Board
could not conclude whether the timber roadway surface of the approach
spans and of the truss span were above or below the FHWA minimum recom-
mended values ficluded under Highway Safety Program Standard 12.

Older bridges may have numerous hazards--for example, they may be
narrow or be cnly one lene--which may make emergency mancuvering and
stcpping necessary. Therefore, it may be beneficiusl at such locatinns
to establish skid number values higher than the minimum values recommended
by FHWA.

While the exact number of bridges with untreated timber decks is not
known, the number is sufficient to warrant further invastigation to deter-
nine whether theso bridges meet minimum standards and whether these minimum
standards are adequate.

DOT&S Bridge Inspection

The inspection of the bridge as performed by the North Carolina DOTE3
tean in December 1974 adequately reflected the structural condition of the
bridge as could be determined by visual inspection procedures, assunming
that the fracture in diagonal L4E-USE was covered with paint.
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Action on Inspections--The DOT&S had not reviewed the 1974 malntensnce
report with regird to the structural steel damage and its effects on the
inventory rating. The DOT§S stated that the report had not been reviewed
because of & personnel shortage. DOTES had received authorization in 1974
legislation for increased personnel for bridge Inspection and analysis,
and it was hiring additional personnel when the bridge collapsed at Siioanm.
The DOT&S now estimates that it has sufficient personnel to inspect and
analyze the Foderal-aid bridges in accordance with thy Pederal requirement
for inspections every 2 yoars, but it does not have enough personnel
to inspect North Carolina's nonFederal-aid bridges with the same frequency
because of inadequate funds,

In 1975, the DOT§S completed a computer program that provides a
structural analysis of each State bridge; this permits an inventory rating
for each bridge to be completed rapidly shen an inspection report is recesived.
NOT&S also has purchased a limited number of sonic test devices to detect
flaws and fractures. It plans to purchase strain gauge devices and record-
ers that can bo attached to a bridge to study stresses under live loading.
These gauges and recorders will furnish data to aid in understanding end
analyzing the distribution of loads in individual members of a bridge's
structure.

The DOT§S has a program funded and underway to improve traffic barriers
on clder bridges so that they will be more resistant to vshicles that could
strike vital support members. Thoy also have develuped a low-cost device to
detect bridge failures that would allow the roadway to drop and to warn
motorists with flashing lights. DOT§S plens to install this device on at
least 100 selected structures,

The Safety Board believes that the North Carolina DOTES, with support
from the State legislature, is wasponding to the problems of bridge struc-
tures with a prograx which is of mational siganificance.

Bridge Barrier Rails

Bridge barrier rails that allow a vehicle to penetrate and strike
structural members vitol to the bridge's stability are of substantial
concern. The bridge railings on most older bridges offer 1ittle resistance
to cn encroaching automobile, A yehicle may vault from a bridge if it
ponetrates the railing. Equally serious is the possibility that a bridge
may fail if its vital structural elements are above the deck and aro
struck by a vehicle.

To improve bridge railings on older rural bridges in order to protect
structural support members will be difficult for two reasons. First, the
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roadway widths on most of thesc bridges are substandard; this limits ths
apace for sdequate railings because railings would further decxease the
roadway widths. Socond, the structural design of the bridges is not
adequate in many instances to accommodate adequate ralling systaas that
can absorb the high energies that are transmitted when the railing is
struck by a vehicle,

W¥hile posting reduced speed linits will help in some instances to
reduce impact energy, expsriencoe shows tiat there are some locations vhere
drivers do not reduce their speed even if reduced speeds are posted. Drivers
generally make their owa deterninations as to safe speeds, and they respond
to perceptions of hazards that are different than those upon which laws are
based; consequently, posted speed 1imlts are not a total solution.

In 1974, the Safety Board recommended in 2 highway accident repowtgj
that the FHNA:

Expodite a program to improve, where feasible,
substandard bridge-rail systems on existing bridges
to increase resistance to pocketing or penetration
by impacting vehiclas...

The FHWA currently has a research program to inventory existing railing
types and to deteranine several adequate configurations of ralling for retro-
fitting bridges. ‘The program does not specifically address the problem
of protecting bridge structural members. DOT4S requested the ald of FHWA
in a program to upgrade traffic barriers on through truss bridges where
railings are determined to be inadequate. One problem of rotrofitting

railings on older bridges is that general daosigns and criteria must be
adjusted to individual bridges basad nct only on their original design
but more importantly on their structural condition, which often has
deteriorated over the yesars,

Any study of railings also shculd consider the eff:cts of wide truck
loads that may be higher than the normal railings, thus pomitting contact
with structural members. The southeast end post of the Yadkin River Bridge
had been struck and damaged by such a load,

National Bridge Hazards

There are aboutl. 560,000 bridges in the United States, of which abcaut
230,000 are in th- Federal-ald system. Based on State bridge inventories,

L Lk »

S/tlighway Accident Repoxt, "Nilmeth Cattle Company Truck/8Bridge/Transportation
Interprises, Inc., Bus, U. S. 60-84, Fort Sumner, New Mexico, December 26,
1972 ,'' NTSB-HAR-74-1.
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about 372,400 Fedornl-aid bridges are considered unsafe. Of those, 7,000
are msafe bocsiuse they have structural dofects and 25.400 are vnuads
because thay ave functionally obszolets, due to inadegusto width, verticel
clearance, spproach alignments, or othexr factors., The FIMA estimates that
about 125 bridgos collapse ench year, FHEA alsd estimatas that it would -
cost $10.4 billion to xoplace all wasafe bridges. At the prosent rate

of funding, it would take 80 years to xoplace thess 32,000 bridges.

There are no inspection and iaventorying requirements for bridges om ..
nonFederal-aid roads, although bridjes on these routes constituts move -
than half of all bridges on the nation's roadways. Tho novFoderal-aid
rosds, for the most part, are under the jurisdiction of Steto, cwmty, -

and mmicizal prvernuents. Many of thess juvisdictions have difficulty
sinply in providing fumds for thorcugh inspactions of all their bridges,
and would have much ware difficulty in roplacing deficlent structuros., .
Congress 1ecognized safety needs on nonFederal-aid roads and provided funds

under 197% legislation; however, such funds wero smsll compared to the need
for suwch funds,

To sppraise accurately the potential safety harards at bridges; on xl)
roadways will vesuire a comprehensive safety inspecticn progras. It should

not be expected that such inspections will occur without Poderal leadexship
and funding. ~

The cost to replace all the critically deficient bridges on the
Nation's roadways represents & large financial burden., It is not reasonable
to expect that all such deficlent bridges will bo roplaced quickly. Conseq-
uently, it it important to identify, by thorough inspection, the degree of
hazard that exists at oach bridge in order to identify those which need
remedial noasures or preveative actions thé most. Such neasuves and actiwms
could include closing a bridge, posting for reduved safe load liaits,

i ing traffic cintrols and rosdway delineatiom, lmproving bridge railings
spproach traffic barriers, adding failure waining systens, increasing
skid nusbers of tntidge and approach 1o0ad surfaces above currently roconmencded
ainimues, and making other minor-to-woderate structural changes that could

oxtend the life of' the structures or prevent their coliapse.

Rridge Collapse Investigations

The Kational Highwuy Safety Program Standard No. 18, "Accident Investi-
gation and Reporting," provides that Stetes shall esteblish multidisciplinary
sccident investigation toams to conduct investigations of a selected muaber
of accidents. Few Stateés havo lmwplemented such a program.




Multidisciplinary investigation teams could investigate failures of road-
 way stiuctures to ¢btein valuable information (1) to support policy and pro-
codure determinavions for btridge inspections apd (2) to deteraine the
priovities in bridge Inprovesments. |

COHCLUS XONS

1. The driver of the Thunderbird icst contxol of his vehicle
for rousons that could not bs determired. .

2. The bridge truss did not experience any abnormal movements
that would have coutributed to the drfvexis ioss of vehicle
control.,

3. The timber bridge ralls were inadequate to redireci the
vohicle or to prevent it from penstrating structural coapon-
ents of the brldgs at shallow zngles and at speeds under 40

wph,

4. The truss' collspse wes csused by tho ispact of the
Thunderbird on & vital structural senber, producing damage
sufficient to reduce the requived structural shape of the
nember,

S. The repair of the previously damaged end post and
diagonal would not have provented the collapss, although
such damsge did present a potential hazard for continved
long~-term use by vehicles welighing moxre than 2.2 tons.

6. The size or structural condiction of the bridge's
substendaxrd anchor bolts did not contxidbute to the
sevority of the truss' collapse.

7. Further testing and research is requirxed to determine
the adequacy of timber yoadway surfices, without additional
skid-resistant treatment, to moet FHWA yecommended sinimun
requirements foxr tkid-resistance.

8. The presence of trafflc control deyices that would varn
of & missing or damaged vosdway would aliminate or uinimize
the danger to approachiag vehicles aftey the collapse of a

bridge structura,

9. Ths vebicles that yanlted into the collapse zone were
traveling too fast to roapond adequately under the existing
visuwal and noad surface corditions.




10. The.safety and usefulners of older bridges can be
enhancod with better bridge railings and txraffic control
devices. -

11. The number of hazardous bridges in the Natim is
unknown since a majority of bridges ave not required to be
inspectnd and inventoried,

12. A successful bridge inspection snd inventorying progran
for bridgesn not on the Federai-aid systea will require vanda-
tovy PFedoral standerds and Federal funds.

13. The safety of bridges can be impraoved by the identifi-
cation, through inspoctions, of partially failed or damagod
bridge components; by the correction of these defective
components; and by the the dissemination of the results of such
actions.

PROBABLB CAUSE

The National Transportation Safety Board determines that the probabls
cause of the bridge collapse was the penetration of the timber ralling by
the vehicle and its subsequent impact with and crushing of a vital struc-
tural member of the bridge truss. The timber railing was not adequate
to sustain impact at posted speeds.

RECOMMENDATIONS

As a result of its investigotion of this accident, the National
Transportation Safety Board submitted the following recomendations to
the Secretary of Transportation:

"Develop and publish, as a part of the FHWA research program,
guldelines for the structural retrofit of bridge railings on
oxisting bridge structures to piotect vital structural members
frox impact by vehicles.

"Include under the National Bridge imspection Staundards snd
under Highway Safoty Program Standard No. 12, 'Highway Design,
Construction and Msintensnce,' a requirement that bridge
inspection reports he annlyzed and eyaluated within a specified
time perlod, and that any changes in load 1imits be posted

promptly.

"Include under Highway Safoty Program Standard 12, 'Highway Design,
Construction and Maintensnce,’' a requirement that a1l bridges on
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pudlic roadways be inspected for safety unds the same criteria
established for bridges on the Podoral-aid systm under the
National Bridge Inspection Scandard. :

"Iastitute & program in cooporation with the States which provides
for the investigation, by multidisciplinary accident investigstion
teams, of the following:

a. All bridge collapses on public roadvays,

b. Accidents involving vehicles that have struck traffic
barrier railings on bridges snd dwmssed structr ° mesbers
vital to the bridge's stability.

‘the number of such investigations should be sufficient to identify
how such characteristics affect the severity of accidents.

"In cooperation with the States, perioim a sufficient quantity
of skid tests on timber roadway surfaces to establish if such
surfacss can normally meet the recommended skid number valuss
conteined under Highway Safety Progran Standerd 12, 'Highway
Design, Construction and Mairtenance.'"
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