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NATIONAL TRANSPORTATION SAFETY BOARD
WASBINGTON, D.C. 20594

RIGHWAY ACCIDENT REPORT

Adopted: July 19, 1984

COLLAPSE OF A SUSPENDEID 8PAN OF
INTERSTATR ROUTE 95 HIGHWAY BRIDGE
OVER THE KIANUS RIVER,
GREENWICH, CONNECTICUT
JUNE 28, 1983

S8YNOPSIS

At 1:30 a.m., e.d.t., on June 28, 1383, a 100-foot-long suspended span betweer. plers
20 and 21 of the castbound traffic lanes of the Interstate Route 95 highway bridge over
the Nianus River in Greenwich, Comsecticut, collapsed and fell 70 feet fnto the river
below. Two tractor-semitrailers and two automohiles plunged into the vold in the bridge
and were Jestroyed by impact from the fall. Three vehicle occupants died, and three
recelved serious injurfes.

The suspznded span which collapsed was attached to the bridge siructure at each of
its four corners. To support the weight of the northeast and southeast corners of the
suspended span, each corner was atteched to the girders of the cantilever arm of an
edjacent anchor spen by ¢. pin and hanger assembly. The pin and hanger assembly includes
an upper pin attached through the 2 1/2-inch-thick web of the gitder of the cantilever arm
and a lower pin attached through the 2 1/2-inch-thick web of the girder of the suspended
span. One and one haif-inch-thiek steel hangers conncet the upper and 1>wer pins—one on
the inside and one on the outside of the web.

Sometitne before the collapse of the suspended span, the inside hanger In the
southeast corner of the span came oft of the insids end of the lower pin. This sction
ghifted the entire welght of the southeast corner of the span onto the outside hanger. The
otitside hanger gradually ~vorked its way farther outward on the pin, and over a period of
time, a fatigue 2rack developed in the top outside end of the upper pin. The shculder of

tre pin fractured off, the pin an3 hanger asseinbly failed, and the span collapced into the
river.

The National Transportation S8afety Board determines ‘hat the probable cause of the
collapse of the Mianus River bridge span was the undetected latera’ displacement of the
hangers of {he pin and hanger auspension assembdly In the soitheast corner of the span by
corrosion-induced forces due to deflelencias in the State of Connecticut's bridge safety
inspection and bridge maintenenca pregvam,.

INVESTIGATION
mwcﬁl dent

At 1:30 a.m., e.d.t., easibound traffic on Interstate Roatoe 95 (1-9%) was light as it
appreached the highway bridge over the Mianus River in Greenwieh, Connzeticut. An
automoblle wes in the median lane of the three-lare castoound roadway, &




tractor-semitrailer was ebresst in the center lane, and another tractor-semitrai.er was in
the curb lane and slightly ah2ad of the oiher two vehieles. According to the criver and
passenger in 1 car following these three vehicles moving at highway speeds, these was a
sudden flash of light and the highway ovethead lighting on the bridge went out. The driver
of the following car said that at the same tiine ti:e brake lights of the two trucis came
on, and the semitrailer of the truck in the curb Iane began {c change its alignment with
the tractor as though it was starting to jackknife. Fearing an accident, the driver of the
following car braked his vehicle hard, and suidenly the three vehicles shead disapheared
from view. The driver stopped the ¢ar in the ¢enter lane of the bridge. When he got out,
he saw that the car was about 6 feet from th2 edge of a void where a section of the bridge
had fallen into the river 70 faet below. (See figures 1 and 2.)

Because the drives and passenger were eoncernad about their car being struck rom
the rear, they moved away from the car quickly., The driver, who wa3s not the car owner,
left the car lights on tut did not switeh un the hazard warning signals. The driver saw an
eastbound autorsahile epproaching and tried to flag it to a stop by waving his arms. ‘The
automoblle did not slow until it was too close to the edge of the void to stop. It plunged
into the void and landed upside down in the river balow. The passenger of the stopped car
on the bridge, who was the car owner, returned to the car and switched on its hazard
warning signals before any other vehicles approached. A few minutes later, an eastbound
tractor-semitrafler slowed and stopped in response to the car driver's flagging, and as
cther eastbound traffiz approached, the vehicles stopped before reaching the void.

Several persons on boats moored at a marina in the Mianus River 6C0 feet south of
the bridge witnessed the bridge collapse. Some witnesses had thelr attention drawn to the
bridge by a loud ncise. One witness, who was lying on his back on the deck of a boat and
looking up at the bridge, saw a lightpole and then a section of the easthound traffic lanes
on the bridge begirn to shake and then fall into the river. Several witnesses saw the first
tractor-semitrailer and the first automobile fall with the bridge. The tractor-semitrailer
was "completely on top of the szction of the bridge and was falling forward snd down,"
according to & witness. As it foll, the cab of the tractor struck the bottom of the deek
structure of the ad'acent section of the bridge that remained standing. Witnesses said
that the first automobile "came off” the falling span of the bridge and struck the left side
of & pier sbout one-fourth of the way down the pler. The witnesses also saw the second
tractor-semitrailer {alling from the hridge "nose first." The truck had ieft sbout 150 feet
of skidmarks In the right lane. T2 tractor struck the ground vn the far side of the
riverbank, and the semitraller remafned leaning ageinst one of the plers that supported
the bridge. Witnesscs safd that several secoinds later, the second automoblie fell off the
bridge and into the river. (See figure 3.) The witnesses all agreed that the east end of the
span fell first.

The Connecticu: State Police and other emergency service agencles were notified
by passeisby and responded to the scena to perform rescue and salvage uperations and
control tha traffle. Two Gireenwich police officers arrived at the mearina, borrowed a
small boat from two o' the witnesses at the marina, and went t¢ the location in the river
where the vehicles weie. Firefighters from the Cos Cob and Soind Beach Volunteer Fire
Departinents responded *o the River Strast side of the Mianu, River under the bridyge,
across the river from the accident vehicles. They then drovée around to Buxton Landing, a

str:lef on the east gide of the river immediately adjacent to the resting place of the
vehicles.

The d+lver and orly occupant of the lirat tractor-semitraller was extricated from
the tractor cab and was pronounced desd av the szens. Emergency response personnel
rescued the driver of the second tracter-semitrailer and his wife, who was a passenger in
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Figure 3.—Eastward view of vehicles at the accident site, showing
(a) location where the first automobile landed, (b) trailer of the second truck,
(c) tractor of the second truck, {d) the second automobile,
(e) the tractor of the first truck, (f) the traiier of the second truck, and
(g) the cargo of the first truck.
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the tractor, both of whom were seriously injured. The first sutomobile was lying on its
left side on ihe land approximately 20 to 30 {feet beyond the water's edge. The driver and

only occupant of the first automobile was serlously injured ari1 was rescued by

firefighters. The second automcbile was found submerged on its top in the river. Its two
! male occupants were pronounced dead at the scene,

Injuries to Persors

Drivers Passengers
Automobiles Trucks Automobiles Trucks Total

Fatal 1 1 1 0 3

Scrious 1 1 0 1 3

Nene 0 0 0 0 g

Total 2 2 1 1 8

‘ Driver iInformation

(See appendix B.)

~ - | Vehicle Information

¢ : All of the vehicles that fell from the bridge were demolished. A posterash
: examinatior of the four vehlcles disclosed no mechanical defects that may have

contrituted to the accident. Tha speeds of the vehicles when they left the bridge were
reconstructed by the Connecticut State Police and were estimated to be as follows:

= Vehicle Speed (mph)

. First truck (52,700 pounds) 41 to 49

Second truck (75,011 pounds) 48 to 59
First automobile about 37

Second automobile about 31
(See appendix C for vehicle make, model year, ownership, and other Information,)

Highway Intormation

! In Connecticut, 1-95 runs in a wet t-east direction parallel and close to Long Island
| Sound from the New York State border on the west to the Rhode Island State bord~r on
: the east., From the New York State border to exit 76, just west of New Louden,
! Connecticut, 1-95 is also known as the Conneaticut Turnpike. The turnpike is primarily a
! toll facility, with the monles collccted after payment for the operation of the toll
facilitias and debt retirement going into t' e State's general fund. The tol} portion of the
highway is not eligible ror Federal-aid highway funds, Malntenance and inspection for the
facilities are provided by the Connecticut Department of Transportation (ConnDOT).
Besides being an important highwey corridor for New England traffic, 1-95 serves
commuter traffic between sou'nwestern Connecticut and New York, New York, and cn
the heavily developed corrifor between Greenwich and New Haven, Connecticut, The
average daily traffle count at the aceident site is 80,000 vehicles.

-,




A b

S R

s pt e

Bridge Information

General.—The I-95 highway bridge over the Mianus River is a deck bridge, l.e,, its
floor elevation js tbove the elevaiion of th2 uppermost position of the superstructure,
The bridge is 2,856 feet long and, at its highest point, is 70 feet above the river. Most of
the structure actually i3 over land. It is of welded construction,

The highway Is six lanes wide across the bridge. Euach Jane i 12 feet wide with
three lanes in each direction separated by a median barrier. Each roadway is abou:
40 feet wide from curb to curb. The expansion joint down the center of the full length of
the bridge in effect creates two parallel bridges that function Independently of cach
other.

The bridge surface Is of bituminous concrete overlay. On the bridge, the eastbound
lanes have a measured dry coefficient of frietion ranging trom 0.71 to 0.79. The left and
senter eastbound lanes slope toward the median barrier at 1/8 inch per foot, ard the right
eastbound lane slopes at the came rate to the outside.

—The bridge structure is aligned in a west-cast dircetion with its west
abutment at highway station 229 + 40.37 and its east abutment at highway station 255 +
96.79. Supporting the structure between these two abutments are 25 plers, numbered
from west to east. Between these ebutments end plers are 24 oridge spans for each
roadway--19 approach spans, 2 anchor spans, 2 suspended spans, and 1 main span,

The approach spans are between the west abutment and pier 17 and between the
east abutment and pler 22. The distance between the plers supporting the approach spans
varies, but i{s about 100 feet. Each of the approach spans has six stringer beams, steel
floor members that are parallel to the bridge centerline. At plers 2, 8, and 10, the
stringer beams are connected to box girders with pin and hangar assemblies of the
recessed pin nut type.

The anchor span, suspended spans, and main span are between plers 17 and 22, where
{he bridge structure is over the Mianus River. (See figurs 4.) Piers 17 through 22 are
skewed 53,7 degrees so that they are parallel to the channel of the Mianus River. Each
span is framed by two paralle] steel girders that are 14 feet deep at the plers ead 9 feet
deep at the joints with the suspended sgans. Each of the spans l.*s floor beams spaced
about 25 to 30 feet on centers, which frame into the two girders. Stringer beams frame
fnto the floor beams, The girders are supported by rocker bearings at piers 18, 19, and 21
and by fixed-shoe bearings at plers 17, 20, and 22.

From west to cast, a longitudinal scetion between piers 17 and 22 of each roadway
consists of the following (see figure 4):

(1) Between piers 17 and 18: a 120-foot-long anchor span;

(2) Between piers 18 and 19: a 45-foot-long cantilever arin exlending
from the anchor span at pier 18; a 100--foot-long suspended span;
and a 45-foot-long cantilever arm extending from the main span at
pier 19;

Between plers 19 and 20: a 205-foot-long main span;




Cantilever
Arms

ity e —" A —— j—
Aachor l " Suspended |
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|-—-120 A5} <o 100" om0 45 =+
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Longitudinal Section

Figure 4.~Fian view (top) and longitudinai view (bottom) of thc Mianus River bridge.
(Note that the skew of piers 17 through 22 is not depicted in the longitudinal view.)
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Between plers 20 and 2i: a 45-foot-long cantilever arm extending
from the main span at pler 20; a 100-foot-long suspended span; and
a 45-foot-long centilever arm extending from the anchor span at
pier 21:

(5) Between plers 21 and 221 a 120-foot-long anchor span.

Susoended spans,—The four suspended spans {marked A, B, C, and D in figure 4) are
conneoted at one end to the cantilever arms of the anchor spans with a pin and hanger
assembly. (See figure 5.) The pins are eylinders, 7 inches long and 7 inches jn diameter.
The pins have a 6 3/4-inch-wide grip with a 1/8-ineh-wide chamfer at each end. Through
the center of each pin is an 11 1/4-inch-long, 1-inch-diamoter bolt, The upper pin passes
through and is centered on the web of the cantilever arm; the Jsiver pin passes through
and is centered on the web of the suspended span. The clearance butween the pin and the
hole in the web, according to the dusign, wasnot to exceed 1/32 Inch, The pin caps are 2
inches larger in dlameter than the pins and completely cover the erds of the pins and the
holes in the hangers. The ends of the pins and the hanger bearing surfaces cannot be seen
once the caps are bolted in place. There Is nominally & clearance of 1/18 inch between
the pin caps and the harnger surfaces. The web of ecch girder at the pin and hanger
assembly is 9 feet deep und 2 1/2 inches thick.

Hrom the face of the web of each girder to each end of the bolt are the following:

o a 14-Inch-outside diameter by 1/4-inch-thick washer welded to the web;

o a i4-inch-outside diameter by 1/4-inch-thick spacer washer ia a
3/8-inch~wide space;

a 1 1/2-inch-thiek hanger, 6 feet 6 inches long by 1 foot 4 Inches wide;

a 4-inch-outside diameter by 1/4-inch-thick spacer washer between the
end of the pin and the pin cap;

a 9-inch-cutside diameter, 5/16-inch-thick pin cap with &
5/16-inch-thick lip;

a stendard washer for a 1-inch~diameter boltj and

a standacd hex nut (1 1/2 inch by 1 1/4 Inch by 7/8 inch) welded to the
boit.

The four suspended spans are supported at the other end by the cantilever arms of
the maln spens with a bearing system, which consivts of a 4 1/2-Inch-diameter,
16 1/4-inch-long pin with a 6 1/2-inch-diameter, t-inch-thick concentrice flange on each
end. The pins rest in 12-inch-wide by 14-inch-long plllow blocks, which are welded to the
girders. .

ior joints.~~To provide for the expansion and contraction of the
superstructure of the bridge due to changes in temperature, there is an interlocking
finger plate expansion joint in the roadway between each suspended span and the
cantilever arm of each anchor span. The design plans called for a lateral clearance of
1/4 inch between the interlocking fingers. A copper trough is installed beneath each
expanslon joint to catch water dralning {rom the roadway and direct it to & downspout,
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Windlzeks.--The expansion end of each of the suspended spans is stabilized against
lateral movement relative ta the adjacent spans through a windlock at each end of the
span. Rach windlock connects the end floorheam of the suspended span to the end
floorbeamn of the edjacent cantilever arm. The windlocks are installed just above the
lower flange of the end floorbeams of the cantilever arm halfway between the girders,

The windlock located at the caniilever arm of the main span is a fixed windlock
consisting of a structural "T" connection between the end floorbeams located equidistant
from the girders. The flange of the "T" is welded to 1/2~-inch-thick gusset plates, which
in turn are welded to the web of the end floorbeams,

b ]
. Tyt e i

The windlock located at the cantllever arm of the anchor snan is designed to allow
moveraent in a longitudinal direction and to limit movement in the lateral direction. The
windlcek s an interlocking grip connector attached at one end to the end floorbeam of the
cantilever arm and attached at the other end to the end floorbeam of the suspended span.
It has a lateral clearance «f 1/18 inch between Interlocking elements so that the
suspended span can move as much as 1/16 inch before the wind load is transferred from
the suspended span to the cantiicver arm, ‘The vertical clearance between elements of
the windlock s 1/2 inch. If the end floorbeam of the suspended span moves relative to the
end floorbeain of the cantilever arm more than 1/2 inch, the windlock elements will
contact each other,

brai —The drainago system on the bridge was designed to carry water, debris,
and deicing sait away from the struztural parts of the bridge and the pin and hanger

sssemblies In order to minimize corrcsion. The dralnage system coisists of curb drains
(seuppers) In the gutter line of the roadway. Between plers 1 and 16, scuppers &re
instell=d in the south side gutter line only. Between plers 16 and 23, which Includes the
suspended spans, the seuppers ara installed on both sides of the eastbound and westbound
roadways, The grates in these scuppers are installed below the level of the road surface
and channel road surface water into downspouts, which funnel the water onto the land
below or allow it to free-fall into the river. The system was designed so that only a small
amount of the surface water would run through the expansion joints into the troughs
where 1t wouli be channeled to a scupper at the median barrier. (See figure 6.)

Accident History.—The accident rate for 1-95 on the Mianus River bridge for the
period Jaruary 1, 1979, through Decenber 31, 1881, was 1.14 accidents per million vehicle
miles (MVM). The average aceldent rate for this type of road on bridges in Connecticut is
0.88 accldents per MVM, There has been no eppreciable change in either acciv.. . rate
over the past 5 years, During the same period, the ratio of the number of .c.idents
occurring on wet pavement on the Mlanus River bridge versus the number on dry
pavement (vet/dry ratio) was 0.286, and the average ratio for all bridges on interstate
highways in Conneceticut was 0.396.

1 Protors,—The bridge was designed in 1955 according to the "Standard
Specifications for Highway Bridges (1953)" of the American Association of State Highway
Officlals (AASHO), 1/ the "Standard Specifications for Welded Highways and Railroad
Bridges-~Design, Construction, and Repair (1947)" of the American Welding Society, the
nSpecifications for Highway and Bridge Design by Contracting Engineers (May 1954)" of
the Conneetlcut State Highway Depariment, 2/ and the "Standard Specifications for
Roads, Bridges and Incidental Construstion Form No. 808 (January 1955)" of the

1/ AASHO 1Is now known as the Americen Assoclation of State Highway and
Transportstion Officials (AASHTO).

9/ The Conaecticut State Highway Departmen® is now known as the Connecticut
Depsrtment of Transportation (ConnDOT).
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Connecticut State Highway Department, Construction of the bridge began on
Rebruary 6, 1956, and was completed on December 27, 1958. Construction was supervised
and inspected by the same firm which designed the bridge.

The deulgn loads were based upon the specifications set forth in the AASHC
publication. The specifica.ions required thut structures be proportioned for the following
forces when they exist:

(1) dead load,

(2) ltve load,

(3) impact or dynamic effect of the live load,
(4) wind loads, and

(5) other forces. 3/

The maximum dead load reaction of the suspended span was 251,000 pounds and
oceurred at the obtuse corners. The design live load was calculated by the designer using
an H-8 loading (H20-816-44), which consisis of & tractor truck with semitrailer in each of
the three traffic lanes. The highest live load reaction at the obtuse corner calculated by
the designer was 103,000 pounds. The highest design impact load reaction at the obtuse
corner was 22,000 pounds. The total maximum vertical load at the obtuse southeast
corner of the suspended span was the sum of the dead, live, and impact loads and wes
caleulated by the designer to be 376,600 pounds, (A constiting engineer hired by
ConnDOT in conjunction with its Investigation of this-accldent computed this load to be
398,000 pounis. The difference in the calculations is about § percent and Is within
acceptable limits of accuracy.)

Tho windlocks were designed to taie the wind load, The thermal forces were
a?:gmmodated in the design of the pin and hanger assembly, the expansion joint, and the
windlocks,

Article 3.6.42.-Pins and Pin Nuts of the 1953 AASHO specifications states that
members joined by nins ", .. shal} be held agains! lateral movement on the pins.," The
article does not define the movements or the forces which might cause moverment. The
designer did not consider any latoral force or movement in the design of the pin and
hanger assembly, The bridge designer's chief enginaer testified that "... the retainer
plate {pin cap] is to act as a gulde, like & washer--all it is Is an oversized washer. In this
case it was not designed to take any lateral load, because there are no design forces that
the code specifies concern!ng it, nor would you expect it to," The detail was adapted
from a standard type in common use at the time. The ergineer sald that the washer was
added to provide an adJitional plane for rotation should one side of the hanger freeze up.

The pin cap thickness set forth in the bridge design was 5/18 inch. The pin cap
thickness recom:nended In the "Manual of Steel Construction® published by the American
Institute of Steel Construction (AISC) is 12/16 inch, There i3 no documentation as to why
a thinner plate was chosen by the designer. Tests are planned to determine what loads the
5/16-inch-thick pin cap is capable of withstanding. The pin cap detail has been carried
virtually uncharged in the AISC "Manual of Steel Construction” since the first edition was
published in 1834, The detalls do not state the reasoning for selecting 12/18 inch as the
recommended thickness of the pin cap. The AISC pin cap detall does not identify the
members it is designed to conneot.

The bridge was bullt with structural carbon steel ASTM-A373 as specified, except
for nonplated rolled beams with welded connections for which structural carbon steel

3/ "Standaru Specificailons for Mighway Bridges,” AASHO (Washington, D.C., 1953),
p. 183,
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ASTM-A7 was used. 4/ The allowable flexural tensile stress used In the bridge design way
18,000 psi. B

The determination of the prover pin diameter in the pin and hanger sssembly
depended primarily on the bearing stress chosen. The AASHO specifications siated that
tize bearing stress to be used in caleulating the minimum diameter was 12,680 psi for pins
subject to rotation (not due to deflection) and 24,000 Est for pins not subject to rotation.
The design calculations indicated that the maximum engular movement of the pin would
be 4°20%, which in 1953 was not considered lo be rotaticn, and the designer chose a bearing
stress of 12,000 psi. The design cheeker {employed by the same design firm) disagreed
that this amount of movement was sufficient to be considered rotation and changed the
bearing stross to 24,000 psi. The consulting enginecr hired oy ConnDOT in conjunction
with i’s investigation of this accident stated that th: higher bearing stress was a preper
interpretation of the 1453 AASHO specifications. The designer's caiculations indicated
that the actusl bearing stress on the pins in the Mianuas River hridge de- .n under both live
and dead lcads was 17,800 psl. The bearing stress due to the dead load only wasn
calculated to be 11,800 psi.

The design ¢f the suspended pans was cheractericed as "nonredundant” by some
engineery who testified during the Saiety Bosrd's pudblic hearing, However, other
enginees belleved that, if one hanger of & pin and hanger essembly failed and if the other
hanger wculd support the entire load, then at leest the assemblies were redundant. Most
of the other spans of the bridge Lad redundanaey 'secause they employed a larger number of
smaller girders; some of these spans had pin ard harger assemblios at each girder. The
<nds of the pins of these assemblies were thrzaded and fitied with large-diameter nuts
secured by cotter pins.

The highway was desizned to carry nn aversge daily traffic volume of 30,800
vehicles by 1975. This estircate apparently was made by a consulting firm speclalizirg in
transportation studies and not by the design engineers. For the period between January 1,
1982, and December 31, 1982, available traflic counts taken on I-83 &t the Greenwich toll
station located about 3 miles west of the Mianus River bridge incicated that
81,000 passenger cnrs and 8,800 commerclal vehicles used the Mianus River bridge dafly
from January 1983 tc May 1983,

Maintenance ond H%—-‘I‘he bridge had been maintuined and repaired by GonnDOT
since 1ts construction In + A largs number of repairs have Scen required to the
expansion bearings on the approsch spans and tue pier caps on which they sit. The bridge
was last palnted in 1270. 05 December 6, 1968, a contract was awerded for
superstructure repairs and “or a bitwminous concrete resurfacing of the bricge. The
roadway was resurfaced again In June 1973,

Maintenance personnsl testified that the drains on the bridge were difficult to Keep
open because the scuppers and downspouts were too small and because the hydraulie
slopes of the piping were too shallow and the ehanges in direction wera too abrupt. They
sald that because ¢f the placement and routing of the draeinaga piping, much of the
dralnage system was inaceessible and difficult 1o repair or replace without the ald of
scalfolding or mechanicdl equipment, which was not available. Therefore, maltntenance
personnel had cut holes in parts of the drainage system to permit dreinage. Also, some
parts of the drafnage systein which had fallen off had noi beex replaced. Some persons
testified that at one time maintenance workers had power nozzles, vacuum equipment,
and scaffolding to work cn the Jralns and keep them open, but that this equipment had not
been available for at least 10 yeats. Ons of the bridge maintenance suparvisors

47" ASTM Is the abbreviation for the American Socloty of Testing Materials.
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testified that he did not think that the comvonents of the draluage system had been
designed to be casily repaired. The representative of the design ;lrm testified at the
Safoty Board's public tearing that he did not think that any of the aralnege systern was
designed to be selfeleaning,

One bridge mainterance worker testified that "in either the eatly or mid-1970's, the
deck of the bridge wes resurfaced under contract, Prior tc the resurfacing, we were
ordared to go out there and cover up the d-ains with steel plates,”" He said that he did not
recall who gave the order. He said that he cut the 12-inch by 12-inch by 1/4-inch stcel
nlates and welded them over the grates, e said that it was his impressiot that the plutes
were installed just to protect the drains while the paving was being dore. Howover, the
esphalt end steo) plates were never removed and were stiil In place after the bridgo span
cobapsed. Therefcce, Lor at lesst 10 yeass before the accident, the rotd surface betweun
curbs on the suspendad gpans was being drained only through thn expansion joints.
ConnDOT stated that nt certaln levels of rainfall, water 'would bypass the curk drains
even when they were open. This staiement was based on exceptional ralas which

happened once a year o’ onca2 every § years,

Whiie investigating a coraplaint from the Town of Greenwleh made {n March 1983
concerning water falling "profusely” from the Mianus River bridge onto inotor vehlolas
traveling ¢n River Roac below the bricge, & bridge maintenance inspector rliscovered that

tha curb ¢rains were paved over and that the surface water had drained down the bridge
deck and ieaked through an expansion loint onto the road pelow, This location was west of

the suspended span that fell. No corrective ac tion was taken,

The last preventive iaintenance Inspeetion of the Mianus Rlver bridge before the
accident was performex| by bridge maintenance inspectors 5 flentember R, 1982, The
inspectors classified 17 out of 30 itoms on the maintenance inspection form as belng in
"soor" condltion, but none was rated as wepftical.” The deck: accounted for half of the
"noor" ‘tems, The only "poor" item on the superstructure was the conall ot the paint
on the antire bridge.

Early in 1983, the 8tate had daveloped plans for the rep’acament of the bridge Zeck.
The deck wes saverely deteriorated, exhibiting many transverse cracks, map or allijator
cracke, and efflorescence, The bituminous wearing sur face aiso was deterlorated and was
pevling. Crews had been called out several tlmes to repair holes that were completely
through the deck. The chloride content of the deck w~as measured in 1878 by sampling 88
locations, using elther the core o the rotary haminer method, The average chioride
content was 3.3 pounds per cuble yard, Sixty-eight sample: had a chloride content of
more than 2 pounds per cubie yatd, 3/ The highest sairple had e ehloride content of 10,34
pounds per cubic yard; tite second highest contained 6.5 pounds per cubic yard, The lowes\
concentration conteined 0.55 pound per cuble yard; the second lowest was 0.94 pound per
cubie yard,

Inspections,—-lispection reports on file in ConnDOT's Bridge Safety and Inspection
Seotion revealed that the Miarus River bridge had buen inspeated regularly since 1962,
(See appendix D.) 'The bridge had been inspeated by the same inspector 12 times since
July 1987, 'The same junior Inspactor Lad been assisting him in the Inspections since April
1978. In only one instance since 1973 had the inspeetion interval exceeded 2 years, and
then by only 4 months,

57 FHWA-RD-74-3, "Kveluation of Portland Cenient Conatate for Permanent Bridge Deck
Repale,” K.C. Clear,
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The senlor safety Inspector assigned to the Mianus River bridge had approximately
10 years in bridge safety inspectiors and about 22 years of serviee in ConnDQOT at the
time of the aceident. He atiended bridge safety inspectiun teaining courses in 1972, 1975,
1979, and 19282. He is qualified to be a leader of a bridge insp2etion team according to
the requirements of the Natlonal Bridge Inspection Standards lusued by the Federal
Highway Administraticn ("FHWA). (See appendix E.) The junio safety Inspector assigned
to the bridge hes worked In this capscity since March8, 1978, He attended training
courges in 1979 and 1982, HNelther inspector had buen tested on his knowledge of bridge
design or inspection.

Bridge Insoection Reports for the bridge for the 10 years preceding the accident
{bridges are inspacted every 2 years) repeatedly car:led the notation "20 grates plugged"
or "20 plugged dreins.” The bridge safely inspector who mada these inspectiors and
notations testified that this meant that the curb drains were covered over with asphalt, The
Transpertation Associate Enginzer who reviewed the Bridge Inspection Report stated that the
comment "20 grates plugged” on the Bridge Inspection Report of Septemirer 18, 1982, for the
Mianus River bridge meant to him "that the dealnage systern was plugged. I would have
assumed at the time . . . that il was probably sand or something like that.”

Access to the bridgs superstructure is provided by three parallel catwslks extending
from pier 17 to pler 22. One eatwalk runs along the middle of the expressway between
the north girder of the eastbound roadway and the south girder of the westbound roadway.
The two other catwalks run along the centerline of each roadway. The ateel grating
walkway on the catwalks had separated fro.n the angle iron supports at several locatlions,
and, in some places, plywood hnd been overlaid to provide a walkway indepondent of the

deteriorated steel grating.

The last safety inspeciion of the Mianus River tridge before the accident, which
began on Septembar 16, 1982, lasted 3 days. The two salety Inspeciors started thelr
inspection on the west end of the bridge, checking bearings and piers from pler 1 up to
pler 17, the last pler on land before the river. Thoy used & palr of 7-power binoculars to
ald their observatiors. On the second day of their inspection, the two safety inspectcrs
started at the east end of the bridge, checking besringa and plers from pler 16 to pier 23.
From the median catwalk they ¢bserved the hangers of the suspended spans. They did nat
notice any dishing of the pin caps. The inspectors had never been told or trained to make
measurements of the pin caps or the position of the hangers relative to the girders. The
inspectors said that they checked the pin and hanger arseinblies, which they categorized
us "bearings,” on each of the cantilever arms and in the aroa of the suspended spans. They
said that during this and previous {nspections they could touch the upper pins and hangors
in the median areas but could not get closer safely thin the middle catwalk of esch
roadway to the pin and hanger assemblies connecting the outside girders of the bride.
They visuelly checked these assemblles from the catwalk and later from the ground, using
the binoculars. One inspector testified that " . .facing west on the catwalks, the hangers
on our left hed more rust than the ones on the right. There was heavy rust on the top
ping, due to the fact that there {s more water legking on the left side than the right on the
hangers. There was rust on the girder,” The pin csp effeatively hid the pin and hanger
bearing surface and much of the deterioration from view.

From the roadway catwalk, the junior safety inspector walked on the bottom flanges
of two skewed end floorbeams to the inside hanger of the rorth girder of the westbound
span. He was able to cbserve the upper nin from about 4 feet away; he had observed the
lower pin from the catwalk about 20 feet away. His walk on the floorbeams was
precarious because there were no handholds or safety belt hooks. The buttom inslde
flanges were coverad with pigeon excrement sometimes a foot deep. There were no
routine periodie cleanings or provisioi. to have a maintenance crew clean the bridge

struciure before efther safety o maintenance inspections.




The untor safety inspector testified that he reached behind the inside hanger in the
pin and hanger assembly at the northeast corner of the span that later collapsed and found
"flaking rust." He testified that the inspectors aiso had made this same finding during
their 1980 taspection, and that each time the condition was reported as "laminated rust”
in the "bearing" section on their bridge Inspection report but was not considered sericus
enough to "red flag" the report. There is no space on the report torm for a description of
pins and hangers, and they are reported as "bearings,” along with other tynes of bearings.
The inspectors were not given specific instructions concerning the inspection of pin and
hanger assemblies.

On the third day of their irspection, the two safety inspectors walked the deck
taking photographs and making notes of deck problems. At the end of the day, the senfor
inspector wrote the inspection report, while the junior inspector filled in the eppraisal
sheet. The junior inspector wrote the senlor inspector's initials in the appropriate column.
The deck photographs showed pavement conditions and did not show the alignment of
bridge members, bridge railings, or expansion joints. The report rated "alignment of
members" at "8," the highest rating for an item which is not new.

The safety inspectors stated that they had never used scaffolding on this or any
other bridge. The serlor inspector stated that he had used a "snooper, - & truck-mounted,
selfeontained, articulated, hydraulic boom with suspended work platform used for bridge
safety inspections and repafrs, on the Mianus River bridge. The junior sarety inspector did
not indicate in his testimony that he had used a "snooper™ on the bridge. Both inspectors
made the safety inspection on this bridge in 19880, and neither their inspection repott nor
the records of the maintenance seotion Indicates that the "snooper" was used during the
1980 inspection or any prior bridge safety fnspection.

"The safely irspectors testified thai. aithough they had a copy of the "Field Bridge
Inspection Booklet" issued by ConnDOT in 1672, which was based on the FHWA "Bridge
Inspector's Training Manual," they did not follow the detalls in the guide. They did not
have the tralniig or the equipment to perform nondestructive tests of pins for cracks.
The junior {nspector stated that in his 5 years in the {nspection progra:n, no one had ever
talked with him about the pin and hanger assemblies and their ctitlcul tinportance to the
bridge. Neither inspector was familiar with the AASHTO malrtenance marnuals or the
data therein related io pin and henger assemblies. Although the AASHTO "Manual for
Bridge Msintenarce (1976)" states, "Rusting between the plates is very difficult to detect
unless bearing iz dismantled,” a ConnDOT engineer testified that dismantling pln and
hanger asserablies as a part of Inspection was disruptive and £00 expensive. A ConnDOT
engineer stated that dismantling had not been considered bafore the collapse of the span,

The sopicr safety inspecter onducted most of his business with his supervisor, &
Transportation Assoclate Engineer whese offlee was located ahout 40 miles away, by
telephone. The business consisted lsrgely- of scheduling inspe.ctions and adjusting
manpower {o inspect the required rumber of bridges in the required maximum 2-year
inspection cycle. The senior inspector testified that he saw his supervisor face-to-face
only three times per year. The supervisor sald that he sees his inspectors typically once a
month. The supervisor said that he had partially read the "Manusl for Bridge Maintenance
(1976)," but that he thought it was "for maintenance.” |

Bridge Damage

General.—The span that fell (identified as span A in figure 4) wag the most easterly
of the two suspended spans in the eastbound traffic lanes. It had be:n attached to the

cantilever arms of adjacent spuns by pin and hanger egosemblies at its northeast and
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southeast corners and by pin and pillow block assemblies at its northwest and southwest
corners. The span came to rest northwest of its original suspended position before
collapse. (See figure 7.) The concrete deck separated from the steel superstructure. The
easterly portion of the south girder of the span was hent to the south with the web
buckled ov "ward. The end flocrbeam was severely twisted.

Direct costs to the State of Connecticut resulting from the collapse of the bridge
have exceeded $16 million. These direet costs include the work connected with the
salvaging of the collapsed and damaged bridge structure; the purchase, installation and
removal of a temporary span; costs of the retrofit of enlarged pin3 and hangers; the
construction and installation of the replacement span; the modification of the Darien
Maintenaice Yard to accommodate the reconstruction of the fallen span; identification,
security, and transportation of the ~'saged bridge stucture; and the State's own
accident and criminal investigations. It voes not include the indirect costs such as traffic
control, detours, loss of tolls, litigation, ete. These indirect costs are still developing and
cennot be determined precisely at this time. About 80,000 vehicles per day had to be
rerouted over U.S. Route 1 through Greenwich and Port Chester and Rye, New York,
causing 24-hour-a-day traffic jams.

Southeast corner.—Remaining attached to tha wedb of the girder of the cantilever
arm at the south girder, where the southesast corner of the fallen span had been attached,
was the upper pin, the inside hanger, most of the 1-inch~dlameter pin bolt, and the inner
pin cap end washers. The 14--inch-diameter spacer washers remained in place on both
sies of the girder web. The pin bolt was broken off at the outer face of ths upper pin.

Tha top outer segmant of the cuter end of the upper pin had fractured and sepsrated. The
fracture surface ccntained an approximately 3/4-inch-deep curvilinecr area extending
from the top of the pin, which was noticeably discolored and had fracture characteristies
indicative of fatigue cracking.

The lewer pin, the lower pin bolt, the wutside hanger, the inner and outer spacer
wasters, and the inner and outer pin caps from the lower connection of the pin and hanger
assembly had aither fallen into the rlver below or were still attached to the south girder
of th2 fallen span in the river. The smsll washars, part of the outer end of ti2 pin bolt,
and the outer pli cap were missing from the outer end of the upper pin.

Corrosion damage wes found at the upper pin connection, mainly between the
14-inch-diameter welded and spacer washers. The inside hanger still attached to the
upper pin was shifted outward from the web. The outer-facing spacer washer of the upper
pin way permanently Jdished outward fiom the web about 1 1/2 {nches. Corrosion and/or
debris was packed between th2 welded and the spacer washers. Measurements indicated
that the origin of the previously described fatigue fracture on the upper pin was
approximately 1 1/2 inches out from the girder web and in a direct vertical line with the
outermaost dishing of the spacer wacher. The origin of the fatigue fracture on the upper
pin also was apyroximately ! inch from the outer-fecing end of the pin. (A cross section
through the uppaer pin showlig the extent of corrosion and/or debris damage between the
washers is depicted in figura 8. Figure® is a oloser view of one area of this cross
section.) The Inside hanger was not noticeably deformed but contained hsavy corrosion
and/or breakout areas at the lower pin hole wall. The bearing surface of the hanger was
hiregular, making the circular hole appear out-of-round.




— Original Span in Place

——-- Falion Span

Pigure 7.--Location of the steel superstructure of the suspended
span in place and after collapse.

Both ends of the lower pin at the southeast corner of the fallen span were found to
be substantially tapered and exhibited severe corrosion. The spacer washer on the lower
pin between the hanger and the web of the south girder, designed originally to have a
1/8 inch clesrance was extended about 1 inch outward from the washer welded to the web.
1he extended space was filled with corrosion products and/or debris. A pin cap with a
1-inch luteral bow deformation was found below the southeast corner of the fallen span.
Another »in cap found in the same position exhibited about 1/4 inch out-of-flat bowing. it
was not possible to establish the original location of these caps. The hanger found near
the southeast corner was noticeadbly bent. This harger has been identified as the outside
hanger of the pin and hanger assembly at the southeast corner.

The lower pin and hanger connectlon at the southeast corner had sufficient
corrosion between the welded washers and the spacer wagshers to severely reduce the
bearing portion of the hangers on the pin. The bottom inner side of the lower pin at the




Figure 8.—~Horizontal diametricel saweyt cross section through girder assembly
at the upper southeast corner pin,
Arrows "W gnd gy locate welded and spacer washers, respectively,

scutheast corner wag fractured g
Lbottom of the pin from

approximately 3/4 inc , ly had been displaced
laterally aimost ha] occurred. Exiensive
corrosion scale mask

I arm directly above the pin and
of the fallen Span remained with the cantilever

and debris. ‘The ecurb trough at the northeast
with debrls,

Water drainage indications with accompanying rust were present at the southeast
corner of the cantilever arm adjacent to the fallen span, and multiple rusty-colored water
3tains were seen on the hanger itseif, (S2e figure 10.) T}, the hanger covered
its length, and at the lower end of the path,
section surrounding the pin hole. Rust streak

box had rested. The west face nf the

eam on the cant ¢h was adjacent to the expansion Joint,
was spotted with rust,




Figure 9.—Higher magnification view of the left Jower portion
of the cross section shown in figure 8.
Bracket "C" indicates corrosion and/or debris found between washers,

Northeast corner.~The upper pin remainea in the web of the north girder cantilever
arm, and two spacer washers were still in place on the upper pin. The pin and hanger
assemblies on the northeast corner had only slight to moderate corrosion, and in general
the assembly appeared to be in relatively good condition. The pin ceps, bolts, and hangers
were missing and presumed to have fallen into the river below,

Southwest corner.—Of the two pillow biocks and the pin, only the lower pillow block
remained attached to the cantllever arm at the south girder where the southwest corner
of the fallen span had been attached. The scutheast cotner of this $-inch-thick steel
block was peened down about 3/4 inch, The northwest corner of the plate above the upper
plllow block was bent upward. The welds attaching the pillow block to the sipport steel
of the cantilever span were fractured extensively, The support steel beiow the pillow
plate was bent downward. The back edge of the plllow block was ralsed up off the sieel
niagge. The pin and upper plllow block were recovered together, but not attached to the
girder.

Northwess corner.—The lower pillow bloek and the pin remained intact and attached
to the support steel o the rorth cantllever arm whera the northwest corner of the fallen
span had been attached. The flange portion of the pin on the south end was sheared off so
that the top chord of the flange was leveled down to the bearing surface at the top of the
pin. The welds were still intact. The upper pillow block remained attached to the north
gitder of the suspended span,
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Pin bolts.-~-Two of the three 1-inch-diameter pin boits that fell from their installed
tocations were found. Because of the location in which they were found, it Is presumed
that one was from the lower pin of the southeast corner and one was from the northeast
corner of the fallen span (whether it was the uppe: or lower pin could not be established).
The pinbolt presumed to have come from the lower pin at the southeast corner was
fractured just under the nut on one end. The other end still contained a 1-inch by
1 9/16-inch nut. Although corroded, the associated deformation and fracture plane
orfentation on the pin bolt appeared typical of ductile overstress separation. The pin bolt
presumed to have come from the northeast corner was a 1-inch-diameter pin bolt, also
fractured in the threaded end near the 1-inch by 1 9/18-inch nut also with ductile
overstress characteristies.

B lon j%lnt.—At each of the two corners of the cantilever arm of the anchor
span Riacent o the fallen span, some of the interlocking fingers of the expansion joint
were bent toward the centerline of the eastbound roadway. At the southeast corner, four
fingers were bent from adoui 45 degrees to about 15 degrees, with the bend fulerum
approximately at the one-third point into the fingers from the edge of the joint, A fifth
tinger also was slightly bent, At the northeast corner, eight fingers were bent toward the
center of the roadway with & maximum bend of about 15 degrees, again with the bend
point approximately one-third of the way from the pavement into the finger.

Windlock.—The windlock interlocking grip connector on the floorbeam of the
cantilever arm of the anchor span to which the fallen span had been connecied was
deformed downward anud to the northwest of its original position. It showed that, at some
time, the flcorbear,. had moved about 2 inches to the east and 1/2 Inch to the west of the

position immediately before the collapse. The marks indicated that the movements were
not recent. |

The femxie end of the interlock on the cantilever arin of the main span to which the
fallen span had. been connected was worn by the male portion of the windlock on the fallen
span to a depth of 1/16 to 1/8 Inch at a location where there is normally a 1/2-inch
vertical c¢learance. The wear pattern of the female end also was off-center laterally
between 1/2 and 1 inch to the south of the design-intended center, and the wear pattern
was wider than on the male portion of the windlock.

Meteorological Information

The surface weather cbservations for June 28, 1983, at an airport about 7 miles
northwest of Greenwich at 12145 a.m. &nd 1:45 a.m. showed no precipitation, visibility of
5 miles, and temperatures of 70°F to 72°P. At 12:45 a.m., the wind was calm, and at
1:45 a.m., the wind was from the north {360°) at 4 knots. The barometer was at 29.48 and
was steady. According to the Natlonal Oceanic and Atmospheric Administration, the tide
was almost high at 7.7 feet in Greenwich at 1:30 a.m.

Medical and Pathological Information

The 44-year-old male driver of the first tractor-semitrailer died as a result of
traumatic injuries recelved in the accldent. There was no evidence that he had been
wearing the avallable seatbelt. The 31-year-old male driver of the second automobile
died from drowning when his vehicle fell into the river. The driver was wearing the
avallable seatbelt. The 21-year-old male passenger in the second automobile also died
from drowning. The passenger was not wearing the available seatbelt.
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The 27-year-old male driver of the second tractor-semitrailer suffe:..d chest
injuries and compression fractures of the spine. He said that he was not wearing the
aveilable seatbelt. His 23-year-old wif2 suffered a scalp laceration, three deep
12cerations of the lowar left leg, multiple abrasions, and compression fractures of the
spine. She said that she was not wearing the available seatbelt.

The 21-year-old Jemale driver of the first automobile suffered fractures of the left
clavicle and scapula, a left brachial plexus injury, and tibla and tibula fractures of the left
leg, a cerebral concussion, and muitiple lacerations of the head and knees. Rescue
workers reported that they saw no evidence of the avaiiable seatbell and shoulder harness
having been in use.

Survival Aspects

The crash sequence after the vehicles went over the edge of the span was unusual
and unique. The forces applled to the vehicles could not be predicted for vehicle design
purposes. The cirrumstances which led to the survival or nonsurvival of the vehicle
oncupants in this accident were random, and taking measures to prevent injuries or
fatalities in similar accidents wou'd be difficult, if not impossible.

Of the six vehicle occupants, only one, the driver of the second automobile, was
wearing an available seatbelt and shoulder harness, and he did not survive. He and the
passenger in the second automobile experlenced a fall of 70 feet, and the vehicle landed
upside down in the water and submerged.

The tractor cab of the first tractor-semitrailer struck the end of the protruding
expansion fingers in the cantilever arm. The steel fingers penetrated the cab so that

objects at the rear of the cab were impaled in the extended fingers. The driver suffered
severe head anfl chest injurles.

Tests and Research

alignment.—-Postaceldent inspection of the westbound suspended span edjacent
to the fallen span (span D {n figure 4) did not show any misalignment. Postaccident
inspection of the adjacent suspended spans between piers 18 and 19 (spans B and C in
figure 4) revealed that they were out of alignment vertically and horizontally. The ralling
of the remaining eastbound suspended span (span B) was ebout 1/2 inch lower than the
railing of the cantilever arm et the southwest corner of the spen. (See figure 11,) Also,
the parapet was lower. In addition, measurements of the interlocking fingers at the
expansion joint showed the fingers of the suspended span to be 1/2 to 9/186 inch below the
fingers of the cantitever arm in the south side of the roadway. The westbound span was
similarly misaligned vertically. The bridge ralling parapet, slip joint, and interlocking
fingers of the expansion joint were 1/2 to 8/18 inch lower than the corresponding refling
and fingers of the cantilever arm. The fingers on the suspended span were darker than the
fingers on the cuntflever arm, and it was evident that the sunken fingers had not been
polished recently by contact with motor vehicle tires.

Bxamination of the interlocking fingers of the expansion joint on the westbound
suspended span (span C) in the horlzonta! direction showed that they were no longer
centered horizontally, but had shifted so that the fingers of the suspended span were
pressing northward against the sides of the fingers of the cantilever arm. The horizontel
movement was about 1/4 inch. A plece of note paper could not be inserted at most of the

oints of contact on the spun. 1The same phenomenon was found on the eastbound span
span B). The deck had shified scuthward, and the sides of the fingers on the¢ suspended
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Figure 11,—View of bridge rail misalignment of eastbound span {(span B),

span were pressing southward against the fingers of the cantilever arm. However, a
number of the fingers were not quite touching each other—a piece of note paper eould be
ingerted between a number of them.

When informed of the misalignment of these two suspended spans, the safety
inspectors who had inspected the Mianus River bridge stated that they might have misied
seeing the misalignment of the curbs and bridge ralls during their safety inspection in
September 1982 and during a bridge deci Inspection the safety inspectors made in May
1983. The junior inspector stated that if they had observed the misalignment, it would not
have baen reported because it was not "severe enough."

| %&—Postacoldent inspection of the suspended spans between plers 18 and 19
(spans B and C In figure 4) showed severe clogging of the grating formed by the
interlocking fingers along the outer curb line. On the eastbound span, the joint was fully
packed with sand, debris, end pieces of wood for about 1 1/2 feet from the curb toward
the center of the roadway. A plant about 8 inches tall was growing out of this debris in
the eurb line of the westbound span. There was no vegetation on tha eastbound span, but
debris had collected ubout 1 inch deep near the curb. There was still an opening in the
curb slip joint, and it appeared that water could pass through the curd slip joint on both
fipans.
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The investigetion revealed that all of the curb drains on the bridge deck on botls the
castbound and westbound traffio lanes were paved over and closed. During the afternoon
following the collapse, light rain fell and the drainsge pattern on the westbound suspended
Span opposite the fallen span was observed. A concantrated fall of water was flowing
through the expansion joint adjacent to the northeast pin and hanger assembly of that
span. Instead of flowing into the scuppers, the water was flowing over the lower flange
and into the river below. The pin and hanger assambly underneath the curd and adjacent
to the flow was visibly corroded. The axpansicn joint was the only point of escape for
water falling on the deck of the westbound span for a distance of more than 200 feet west
of the expansion joint to the ceest of the bridge.

Corrosion.—Postacefdent inspection of the su

(spans B and C In tigure 4) revealed a ng fingers

of the expansion Joints of buth spans

the expansica joint hed existed Letween the fallen span and the cantilever arm of the

uNCitor spar revzaled that the interlocking fingers mounted on the fallen span had the

same type of light-colored rust intermittently along the sides of the widest parts of the

fingers. The fingers on the cantilever arm showed similar light-colored rust. The areas
nsistent with the rust marks having been made by the

fingers of the susperded 8pan pressing against those of the cantilever arm and attempting

to move the cantilever arm to the south.

e pin and hanger assemblies of tha suspended spans
(spans B and C in figure 4) revealed that ths inner pin caps were

generally much less dished than the outer pin caps. Gaps between girder webs and
hangers, particularly at the lower pin caps, were evident and generally correlated with the
dishing of the pin caps. The normal design would allow for a 5/8-inch gap. The largest
gap between the web and hangers was found to be 1 3/8 Inch to 1 1/2 Inch at the outer pin
and hanger assembly at the eastbound 8pan. Inspection of the lower Pin at the southwest
corner of the eastbound Span revealed that the rust bultdup and the offset position of the
pin relative to the hanger were so0 proncunced that no reading cculd be obtained, The pin
and hanger assembly was relieved of and the pin cap was removed for closer
Inspection. The retaining nut was burned off In order to free the pin cap. When the pin
cap was removed, black rust flowed out of the connection. (See figura 12,.) The Chief of
the Review and Analysis Branch, Bridge Division of the FPHWA who witnessed the pin cap
removal testified at the public hearing: ", , .there is no way that 1 would have ever
belleved or conceived that the smount of deteriovation behind that pin eap would have
been there. I naver In my wildest days have seen that amount of deterioration, and | don't

think short of teking that pin cap off, ényone else could judge that that would be the
case."

The south side of the girder of the westbound Suspended span adjacent 1o the fallen
span (span D in figure 4), whieh had no open joint or drainage element above {t, was
relatively unspotted by rust. In the water fall zone under the expansion joint of this span,
corroston was much heavier on the lower flange than on a neurby lower flange not exposed
to drainage water, The pin and hanger assembly adjacent to the water fall at the
northeast corner of this span was heavily rusted, and flanges beneath were rusted also,
What appeared to be remrants of severely deteriorated portions of waster material were
found adhering to the pin and hanger at the southesst corner of this span. Rust streaks on
the hanger were directly above the corroded portions of the hanger, washer, and pin,




Figure 12,—~Pin and hanger aszsembly at southwest corner
of the remaining eastbound suspended span.
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Soncerning the lateral forces that could be exerted by corrosion and {ce against the
hangers of pin and henger assemblies, & consulting engineer hired by the Insurance carrier
of the biidge stated,

... our investigation indizsled that the failure initiated at the uoutheast
corner and led to the subseouent collapse of the whole span. The cause for the
movement of the hangres horizontally away from the center line of the girder,
in our opinlon, is due tc some combination of rusting and iee formation.

We have performed e/iculations which indicated that the pressures yJenerated
by rusting surfaces wilch are constrained from movement are sufficient to
cause the hangers to move lateraily. That is, as maotal corrodes or rusts, there
is A tendenoy for (he material to expand because the rust products themselves
had a larger volume than the pareat matal. 3/

In performinyy his caleulations, the corsultant assumed a coeffiolent of statie
friction betwesn the hanger and the pin of 0.75. 7/ His calculations indicated that a little
less than 1,8C0 psi pressure Is required to overcome friation. (Another source calculates
pressures exerted by expansion of corrosion products in a range of 4,000 to 7,000 psi. 8/)

The consultant conducted similar calculations related to pressures exerted by the
formation of {ce between the hangers and the web of the girder. Using e ccefficient of
friction of 0.75 e&nd considering the pressw'ss &t which ice would crack us well as
pressures generated by a constraint, his caleulation Indicated that ice could initiate a
pressure of 700 psl. Therefors, he concluded that corrosion forces slone could move the
hangers laterally on the pin and that ice formation would conteibute to such movement
but was not necessary to move the hange: laterally.

Cut-of-plane movement.—On behalf of the Safuty loard, an engineering consuitant
tirm d'evaiop& a compiter mode! of the Mianus River bridge to study the pin and hanger
assemblies and look for forses and/or movements which might have directly or indirectly
led to the faflure of the assemblies. The primary objective was to provide the Safely
Board with a refined estimate of the out-of-plane relative movement of the pins in the
pin and hanger assemblias,

The consultant performed 21 three-dimensional, space frame analyses of the Mianus
River bridge, utilizing the "STRESS" computer program.$/ !n these analyses, various
structural parametaors, such as torsional properties, bearing eonditions at the piers, lateral
bracing, and plete action ¢f the deck, were varied to develop a computer simulation model
that, within the limits of a space frame analysis, best represented the behavior of the
bridges. Several loadirgs wers applied to the model. The largest ealculated out-of-plane
response was caused by placing throe H8-20-44 trucks (the stendard design truck loading
used In United States design practice) each aligned with fts micddle axle on the end

8/ Michael J. O'Rourke, \.R., Consulting Rnginser, "Interirn Report on Failure
Investigation of Mianus River Bridge," August 13, 1983,

7/ Sears and Zemansky, University Physles, (1670), p. 24.

8/ "Wedging Actlon of Solld Corrosion Produets During Strens Corrosion of Austenitic
ﬁz[znlgss gggﬁl,"zggkerlng, Beck and Fontanas, "Cofrosion,” Volume 18, ~‘umber #, June
9/ The ‘computer ;;rogram "STRESS" used for this study was developed by th
Massachuselts Institute of Technology for solvllY structural g inearing p!rc?blemsyusin;

the .
prot;ns:ltcl:ri: stiffness mothod. The program I8 widely used by the structural engineering




floorbeam (hanger end) of the suspended span (one in each of the three traffic lanes). The
statio welght of the trucks was used, f.e., ro impact was added, and the full weight of the
trucks was applled. This loading produced estimated differential lateral movements
between the top and bottom pins of 5/32 inch (maxi.nnem) in the outside hanger assembly
and 1/32 Inch (maximum) in the north harger assembly. It also resulted {n an uneven
distribution of live load forces in the hangers of both harnyer assemblies. The effect of
dead load on out-of-piane deflections was not Investigated by the Safety Board's
consultant because of the lack of Information on erection detail., Neithar the State's
records nor the bridge designer's records contain any deta on this subject.

The comparison of the forces and displacements in pin and hanger assemblies on thie
skewed bridge with a vight-angle model indicated that, while both skewed and right-angle
bridges have lateral movements and uneven live load disteibution in the bangar assemblies,
the movements and uneven loadings are much larger in the skewed model. While the
skewed model has a net out-of-plane movement due to live load of 5/32 inch {meaximum)
at the southeast corner, the right-angle model has a net out-of-pline morement of
2/32 inch (maximum), or lass than one-half the amount found in the skeived modal. At the
northeast corner, the out-of-plane movement is about 1/32 inch {(maximum) In both
models. '

The difference In the outside and inside hanger axial loads due to live loads at the
southeast corner pin and hanger assembly in the right-angle rodel is about 15,000 pounds;
in the skewed mcdel, the difference {3 almout 87,000 pounds. In the northeast corner
assembly, the difference in sxial hanger lcads for the right-angle model is also
15,000 pounds, while the differenca for the skawed model is almost 59,000 pounds, The
much greater out-¢f-plane movements and varlation in live-load &xial loadings in the
skewed model would more likely contribute to structural problems.

The consulting engincer hired by ConnDOT in their investigution of this accident
stated that forces associat2d with out-of-plane movemsents were instrumental {n the
collapse of the span. 10/ ConnDOT's consultant proposed a theory of the collapse of the
suspenced span, which considers the three-dimentional aspects of the bridge and which
pradiets leteral hanger movements due to forces associated primarily with tho
53.7-degree skew. These conisiderations are based on assumptions not fully known to the
Sufety Board. The consultant has not yet made his final evaluations and analysis.
Therefore, they are not examintd in this report.

Another ConnDOT consultent, who prepared the plans for the retrofit of the bridge's
pin and hanger assemb)ies, stated that he believed thst the bridge fallure was ¢aused by s
combination of out-of-plane deformations, the buildup of rust between the hangets and
girders, and the high bearing stresses of the hangers on the pins. The consultant for the
insurance carrier on the bridga did aot mention out-of-plane movements in his eeport.

The consulting firn responsible for the design of the bridge questionad ™., . it in fact
these forces exisied.” 11/

107 State ™ ol Connecifeul,” "Connecticut Department of Transportation Findiags,
Conclusions, snd Recommendations Drawn from the Investigation of Collapse of a Section
of the [-95 Bridga over 1he Misnus River, Greenwich, Connecticut, June 28, 1988," p. 8.
11/ Tippetts-Abbett-McCarthy-Stration, "Bvalugtion of PFactual Matevisls and
'ﬁecomm;.ndattom Concerning the Collapse of the Miarus River Bridge," Dezember 19,
1983, p. 20.
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Tests.—Physical and metallurgical tests, which include but are not limited to rlastic
flow, accelerated corrosion, fatigue, friction c¢haracteristics, tensile sirength
fractography, and charpy v notch tasts, are continuing at Lehigh University. The bearing
stresses and the zkew design also arg baing stidied.

R%?irs.-llasud on the findings of the lateral movement of the hangers, ConnDOT as
an immedlafe safety measure sand-hlasted and flushed the corrosion and debeis out of the
spaces between the hangers and the webs of the girders, and then installed large steel
retainer plates with high-strength dolts over each pin cap on ell of the pin and hanger
assemblies on all of the remaining suspended spans. The tighteaing of the bolts allowed
the hangers to be squeezed back onto the corroded pins to nearly thelr original position in
the lateral condition. Somewhat later, the pin an¢ hanger assemblies were replaced, using
a recessed pin nut, thicker hangers, and various other changes.

Other Information

National Bridge Inspection Standards.--The Federal-Aid Highway Aet of 1968
amended Section 116 of Title 23, United States Code by adding:

(d) The Secretery in consultation with the State highway departments
and interested and knowledgeable private organizations and indivicuals shall as
soon as possible establish national bridge inspection standards in order to
provide for the proper safety inspection of bridges. Such standards shall
specify in detail the method by which inspections shall be conducted by the
State highway departments, the maximum time lapse between inspections and
the qualifications for those charged with the responsibility for carrying out
such Inspections. Each State shall be required to maintein written reports to
be available to the Secretary pursuant to such inspections together with a
notation of the action taken pursuant to the findings of such inspections, Esach
State shall be required to maintain a current {nventory of all bridges.

(e} The Secretary shall establish, in cooperation with the State
highway dep.rtments, a program designed to train appropriate employees of
the Federal Government and the State governments to carry out bridge
inspecations. Such a program shall be revised from time to time in light of new
or improved techniques. For the purposes of this section the Secretary may

use funds made available ~ursuent to the provisions of section 104{a) and
section 307(a) of this title.

This amendment was prompted mainly as a response to the coliapse of the Silver Bridge at
Point Pleasant, West Virginia, on December 15, 1987, in which 468 people died. 12/

On September 14, 1870, the FHWA issued a notice that it was considering
implementation of Section 118 by adopting national bridge standards for bridgs inspection
(35 PR 14864). The pronposed standards were based genecrally on the "Manual for
Maintenance Inspections of Bridges," published in 1970 by AASHTO. More than half the
State highway departments, as well as subdivisions of the States, private c¢rganizations,
and government officials, commented on the notice. On April 20, 1971, the FHWA issued
the National Bridge Inspection Standards (23 CFR Pert 650, Subpart C, Sections
650.301-650.311), which were similar to the standardy originally proposed. The
recommendations emanating from the Safety Board's investhjation of the Sllver Bridge
accident alded In the development of the standards.

12/ "Collapse of U.S. 35 Highway Bridge, Point Pleasant, Wust Virginla, December 15,
1967 (NTSB-SS-H-2).
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Through the application of these standards, many ceficient bridges have been
identified, leading the Congress to esteblish a discrete bridge improvement program which
by fiscal year 1986 is expected to grow to a $2 billion-per-year Federal-ald program to
assist the States and local governments to repatr or rehabilitate defective bridges. The
Mianus River bridge and othae bridges along the toll portion of the Connecticut Turnpike
do not qualify for Federal-ald bridge funds because they were bullt with private funds and
are toll roads. However, the inspection standards apply to all structures defined as a
"oridge" 13/ and fcrining a portion of a publie road.

The standards require that: (1) all States have a bridge inspection organization, (2)
inspectors meszt inlmuim qQualifications, (3) each strueture be rated as to its aafe
load-carrying capacity, and (4) inspection records and bridge inventories be prepared and
maintained in accordance with the standards. (See appendix B.) The standards further
require that every bridge in & public road be inspected at regular intervals not to exceed
2 years. The depth and frequeney of inspections depend on such factors as age, traffic
characteristics, state of maintenance, end known deficiencies., The evaluation of these
factors is entiroly the responsibility o! the individual In charge of the inspection program;
the weight to be given these factors {s not speeifiad In the standerds.

The standards set forth qualifications for perscnnel involved in the bridge inspection
program. Title 23 CPR 650.307 requires:

(a) 'The Individual in charge of the organizational unit that has been delogated

the responuibilities for bridge inspection, reporting, and inventory shall possess
the following minimum qualifications:

(1) Be a reglatered professional engineer; or

(2)  Be qualified for registrution as a professionsl engineer under the laws of
the State; or

(3) Have a minfmum of 10 years experlence in bridge inspection assignments
in a responsible capacity and have completed a comprehensive training
course based on the "Bridge Inspector's Training Manual™ {14/] which
has beon developed by a joint Pederal-State task force.

(b} An individual in charge of a bridge inspection team shall possess the
following minimum qualifications:

(1) Have the qualifications specified in paragraph {a) ot this section; or

(2) Have a minimum of 5 years experience In bridge inspection assignments
in a responsible cajeacity and have completed a comprahensive treining
course based on the "Bridge Inspector's Tralning Marual," which hes been
developed by a joint Federal-State task force.

737 A'brldge is dellned as " structure Including supports, erected over a depression or an
obstruction, such as water, a highway, or rallway, having' a track or passageway for
carrying traffic or other moving loads and having ar opening measured along the center of
the roadway of more than 20 feet." ("AASHO Highway Definitions,” AASHO
{Washington, D.C.) 1968, p. 2.)

14/ "Bridge Inspector's Tralning Marual," U.8. Department of Transportation, Pederal
Highway Administration, 1970.
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The standards do not require thst either the fndividual in charge of bridge Inspeections or
the team leader be lested on thelr knowledge of bridge inspection procedures. The
standards require that inspection reports contain the minimum data listed in section 3 of
the AASHTO "Manual for Maintenance Inspection of Bridges."

The FHWA reviews compliance by the States with the standards tn determine that a
State has yualified inspectors and that it is followirg’ vhrough on the inventory inspections
and appraisal requirements. ‘The FHWA provides technical assistance and eveluafes
program progress. The reviews comprise an office audit to check the records &nd a brief
field check to observe procedures and conditions durlng onscene inspecticn. The reviews
are conducted on three levels: (a) the PHWA Division Office conducts a review of the
State's bridge fnspection program and discusses with State offlciels the State's compliane2
with the miniimum requirements of the standards; b) the FHWA Regional Office conducts
additional reviews to be sure that the Division Offjce audit is reasonabla and sound; and
(c) the FHWA Headquarters in Washingtes, D.C., eonducis five to nine reviews a year of
the regional programs to be sure that they are stressing pertinent items. The chief of the
FHWA Headquarters Design and Inspection Branch, which inonitors the program, testified
that the FHWA reviews indicate that all of the States have the ability to satisfactorily
conduet bridge inspection programs and that while some improvements are desirable, the
FHWA has never constdered it necessary to impose sanctions on any State for lack of
compliance. -

Connecticut Bridge Inspection Program.—Prior to May 1973, Connecticut's bridges
were {nspected by ComnDCTs Distriet Bridge Maintenance Section.  With the
promulgation of the National Bridge Inspection Standards, ConnDOT established a Bridge

Safety and Inspection Section in May 1973. The new section nssumed responsibility for
performing safety inspections, maintaining the bridge safety files, and recommending
needed repairs. The section's goal {8 to ensure the safety of the publie traveling on the
bridges of the State of Connecticut. ConnDOT attempts to achieve this goal through
periodic safety inspections of ell bridges and by evaluating the results of the inspections.
If the results of the inspection and evaluation indicate problems, the Bridge Safety and
Inspection Section recommends repair, load restrletions, or closure of any bridge which is
found to be unsafe for traffic. Preventive maintenance inspections of bridges remained
the responsibility of the Distrlct Bridge Maintenance Seotiors.

In May 1973, four newly established bridge safety inspection teams were staffed
with experienced personnel from ConmnDOT's Office of Construstion and Office of
Maintenance. In 1977, an additional Transportation Assoclate Engineer and an additional
bridge inspection team were added, bringing the number of teams to five. This was
necessary to accomplish an initial inventory and inspection of all non--Federal-aid bridges
in the State, including town bridges having a clear spsn of more than 20 feet.

On November 19, 1980, the FHWA notifled ConnDOT that, under the provisions of
the Surface Transportation Act of 1978, all 1,200 town bridges which are not on the
Federal-ald system must be inspected on the same 2-year cycle as Is required for State
bridges, A sixth bridge inspection team was established, and certaln vacani positions
were filled. Barly in April 1981, the Bridge 3afety and Inspection Section was brought to
its full staffing *>vel which has been maintalned with little turnover of personnel.

The Bridga Safety and Inspection Section {s a part of ConnDOT's Bureau of
Highways, Offica of Engineering, Division of Engineering Services. The sacotion Is headed
by the Engineer of Bridges and Structures, who s a registered professional engineer as
required by the standards. Direotly under him are two Transportation Associate
Engineers, each of whom supervises the bridge safety activities in threa areas of the
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Stete., Each arca i3 assigned two inspectors--Transportation Bridge Safety Inspectors 1
and 11, of whom the inspector 11 is senior. In addition, there are bridge safoty inspection
divers, consisting of a crew leader and maintainers IV and V. The divers perform
underwnter inspections and repairs in all six areas. If a bridge inspector is sick or on

vacat}on, his partner is usually r?asslgned to another area until he returns. Occasionally,
one of the two bridge Inspectors from the main office takes an absent inspector's place.

The Engineer of Bridges and Structures reports to the Manager of Englneering
Sesvices, He, In turn, reports to the Director of Engineering, who reports to the Chief
Engineer of the Bureau of Highways. The Chief Engineer reports to both the Deputy
Commissioner and the Commissioner of Transportation.

Each two-person bridge inspection team is assigned one of six geographlical areas of
the State, and each team is responsible for approximately R00 bridgns that must be
inspecied at least every 2 yenrs. Problem bridges are inspected every 6 months, or more
often I! necessary. Every 6 months the Bridge Safety and Inspection Saction supplies to
the safety incpectors in the field a list of the bridges which require an fnspection within
the next 6 months. From this list, the inspectors deterrine which bridges they will
inspect each day. Each morning, the senior inspector calls the main office (‘isually
speaking to the Transportation Associate Engineer in charge of his or her area), to report
which bridge or bridges the inspectors will inspeet that day and which Lridges were
inspected on the previous duy. Any messages, special instructions, or changes in selection
are discussed at that time. No other communications occur during the day, unless
initlated by the inspector. According to the ConnDOT records and testimony at the
Safety Board's public hearing, the office staff engineers did not supetvise the bridge
inspection tenms in the field. The staff engineers make field checks only under extreme
conditions when alerted by the inspectors, who are not engineers and who are limited in
their expertise.

The area wovered by the bridge safety inspection team responsible for the Mianus
River bridge s Inspection Area 1V, comprising 33 towns in western Connecticut. The Area
IV inspection team assembles in its area off'ce in New Milford every day at the start of
the work day. After calling the main office in Newington and taking care of usual
housekeeping chores, the safety inspectors leave for the bridge or bridges selected for
{nspection that day. Travel times vary, but travel to bridges located in the farthest areas
(such as those in Greenwich) requires about 1 1/2 hours. Since their work day is 7 hours,
only 4 hours (including lunch and rest periods) are available at remots sites for inspections
and filling out Bridge Inspection Reports.

The bridge inspectlon process usually follows the outline of a two-page Bridge
Inspection Report (BRI-18 Ed. 1-81) developed by ConnDOT. (See appendix D.)
Inspections normally progress from west to east or from south to north, generally
following the abutment and pler numbering system of the bridge. The rating codes used
by the fnspectors are based on the "Recording and Coding Guide for the Structures
Inventory and Appraisal of the Nation's Bridges," develcped by the FHWA and published in
January 1979, The Bridge Inspection Report developed by ConnDOT includes a section on
"wlignment of members" distinet from other forms of misalignment. However, it does not
quantify the relationship beiween measurements of misalignment and alignment rating
numbers. The recording and coding guide does not include any mention of alignment of
raembers,

Entries on the Bridge Inspection Report are arranged by classes of structure and
probloms, rather than by a sequence of movement over the bridge. The report formn
requires the inspector to consolidate statements on the condition of several bridge
elements of the same class; it provides no specific space for recording the condition of
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overall ratings, nor is there an intermediate report form for consolidating the observation . 3
of alignment at many locations into the ov-rall rating which the report requires. There Is T
a "Remarks" section which could be used for appropriate observations or comments |
pertinent to the inspection. :

the many individual elements which necassarily have to be inspected in order to arrive at kt

The Bridge Inspection Reports are forwarded by the bridge safety inspectors to the
oftice of the Transportation Assoclate Engineer who supervises the fnspection team. The
reports are reviawed initially by the office staff and then by the Transportation Assoclate
Engineer »ho Is to initial and date the appraisal sheet. If the Transportation Associate

. Bngineer docermines that something associated with a bridge needs correction, his office
\ notifies (e maintenance division. The bridge safety instructors have been {nstructed to
fill out supplemental reports, add additior.al pages to the Bridge Inspection Report, or use
the ":emarks" section of the Bridge Inspection Report when necessary to give additional

information. The data from the Bridge Inspection Reports are compiled and sent to the
FHWA.

The FHWA's last review of ConnDOT's bridge safety inspection program was made
on Scpteinber 21 and 22, 1982, about 9 months before the span collapsed. The review,
four pages plus photos, included six sections: (1) Compliance with the National Brldfe
Inspection Standards, (2) Highway Bridge Replacement and Rehabiiitation Program, (3)
Current and Proposed Bridge Programs, (4) Field Review, (5) Sundry Other Information,
and (8) Commentary. It covered the examination of only two bridges. The FHWA review
of ConnDOT's compliance with the National Bridge Inspection Standards was summarized
in less than one page. The FHWA found that, except for item 90, "Inspection Date," on
the "Structure Inventory and Appraisal Sheet," data checks of the National Bridge
Inventory indicated that ConnDOT's records were very complete. The "Commentary" (
section added: "After a routine method of updating the date of inspections [is -
adopted] . .. Connecticut can be considered in excellent compliance with Federal
requirements pertaining to the bridge programs.*

i b R W bbbt 1 PR -

The following weaknesses in organization and inipection responsibilities were noted
in an internal review conducted by ConnDOT after this accident: 15/

(1) There is no rotation of inspectors between teams or areas. Rotation
would increase the competence of the teams by working with others and
would discourage shorteut inspections by a team that inspected the same
bridges year after year.

No recognition is given to the size or complexity of the bridge to be
% inspected. The inspection team leader determines the length of time to
: be spent on each bridge rather than the supervising engineer.

(3)  While the inspection team leader is given a list of the bridges In his area
which must be inspected {n the next six months, there is no established
procedure for scheduling the individual bridge Inspections. The office L
personnel keep a running count of the number of bridges that have been i
inspected during the six-month period but apparently the supervisors ?
take no action until near the end of the period. Typleally, the supervisor %
will reassign a team that completes Its assigned bridges early to an area !

;which is falling behind so that all bridges are done every two years or
@138,

15/ "Internsl Review of the Bridge Inspection Policies and Procedures," Connecticut
Department of Transportation, September 1983, pp. 50-59. (Herecafter to be
referred to as "internal review.")
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v On November 21, 1972, ComDOT purchased a '"snooper,” & truck-mounted,
ﬁ selfcontalned, articulated, hydraulle boom with suspe.ded work platform which allows
" inspectors to inspect the outside and underside of bridges. To uvs & "snooper" on a bridge
without full shoulders, such as the Mianus River bridge, requires closing the right lune of
the highway. The Mianus River bridge, along with 79 other bridges in the State, was listed
by ConnDOT as a "snooper" bridge. 16/ This designation requires that a "cnooper" br; used
for an adequate inspection, except where certain hazards would make its usc usafe.
ConnDOT's internal review found that a nsnooper™ is required for adequate inspection of
162 bridges. 17/

The "snooper" was last used in August 1982. On September 1, 1982 a safety
inspection revealed that extensive and costly repairs would have to be made to the
vsnooper" before it could be safely operated. On October 27, 1982, the "snooper" was
determined to be unfit for use, and no action was taken to obtain a replacement. After
the "snooper" vas placed out of service, no "snooper" was utilized until after the bridge
collapse. At that time, a "snooper” was made available by the State of Rhode Island. On
June 20, 1983, the Engineer of Bridges and Structures included in his fiscal year 1985
budget a request for funds to purchase & new "srooper" for the Bridge Safety and
Inspection Section.

During the 9 years 8 months that the nsnooper® was available, the unit logged
36,769 miles of travel. From January 1, 1979, to August 1982, its last month of service,
the "snooper" was used 403 hours for inspections and 257 hours for other use, such as
maintenance. According to the records, the mgnooper” was used on the Mianus River
bridge nine times beginning in 1078; the records did not irdicate the reason for its use on
1 ~ the bridge. The senior bridge safety inspector responsible for the Mianus River bridge,
S who was first involved in the inspection of this bridge in 1967, stated that he had used the
j & "snooper” in his inspections of the bridge. The Engineer of Bridges and Structures stated
that the senior bridge safety inspector had told him that he used the "snooper™" on the
bridge on May 3, 1978, The Engineer of Bridges and Structures also stated that he was
informed that on March 28 and 28, 1980, and or April 5 and 29, 1982, the snooper" was
used for a maintenance inspection and for work on pie: 16 of the Mianus River bridge.

Training courses In bridge safety inspection were conducted by ConnDOT at its
training center in West Hartford, Connecticut, in 1972, 1975, 1979, and 1982. The courses
were based on a course developed for the FHWA by the Link Division of the Singer
Company, Silver Spring, Maryland, usirg the FHWA's "Bridge Inspector's Training Manual."
The methods of inspection and reporting set torth in the manual are general guidelines
rather than speeific Instructions on how to inspect various types of bridges.

The ConnDOT course was required training for all bridge safety inspectors. The
Bridge Safety and Inspection Section also invites bridge maintenance personnel and, on
oceasion, inspectors from municipalities on a gpace-available basis. This provides a pool
of potential bridge inspectors and increases the skills of other personnel who have bridge
inspection duties.

In March 1972, ConnDOT complled a "Field Bridge Inspection Booklet" for handy
ceference In the field. The pamphlet consists of excerpts from the FHWA "Bridge
Inspector's Training Manual," including all of Chapter V, "What To Look For During
Inspection.” The guidance concerning the hangers of "cantilevered bridges" is as follows:

Department of Transportation, August 9, 1983,

} 16/ Interview with Robert L. Thomas, Transportation Associate Engineer, Connecticut
17/ "Internal Review," p. 48.

G
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i On cantilevered bridges, check hinges and hangers to see that they
are functioning freely and without restraint due to scoring, jamming, dirt
or corrosion.

(1) If a hanger link is out-of-plumb beyond the limits expected
for normal temperature varlations, a further investigation
should be made.

The following excerpts from the section on steel beams and girders are pertinent to
the inspection of the Mianus River bridge:

a. Inspect steel for corrosion and deterioration especially at the
following places:

® %% &I

{4) At cantilever hanger snd pin connections.

£ s %k 3

(6) At any point where two plates ave !n face to face contact and
water can enter (such st between a cover plate and a flange).
If rusting occurs at tids interface, the expansive force
created will be great enough to spread the plates. [ Emphasis
added.]

b. If rusting and deterioration is evident, check the members for
possible reduced cross-sectional area, using calipers, rulers, corrosion

meters, or section templates. [18/]

The booklet did not inelude excerpts from the "Bridge Inspector's Training Manual®
regarding alignment.

The FHWA "Bridge Inspector's Training Manual" has references to the inspection of
neantilevered bridges" on pages 3-8, 4-2, 4-4, 5-1, 5-41, and 5-43. The guldance on page
4-4 is particularly pertinent to the Mianus River bridge collapse:

Where the main load of the bridge is carried by a single member, or

element whose fallure would result {n the coliapse of the structure, the
member should be Inspected very thoroughly {or cracks and flaws either

by visual inspection or by a non-destructive f(echnique, such as

ultrasonies or radiography. The pins and hangers on the suspended span
of a two-girder cantilever bridge, or pins In a pin-connected truss, are

typical examples of such members. [Empi'3is added.]

The ConnDOT Director of Maintenance transmitted copies of the folleving AASHTO
documents on maintenance to the Bridge Safety and Inspection Sectior: "Manual for
Bridge Maintenance (1976)," "Guide for Bridge Maintenance Management (1976)," and
“Manual for Maintenance Inspections of Bridges (1978)." The Engineer of Bridges and
Structures did not give any direction requiring their use to the bridge safety inspectors In
the Bridge Safety and Inspection Section.

18/ The FHWA "Manual for Maintenance Inspections of Bridges (1870)" also advocated
measurements of spaces between members.




‘*_.k

' ‘.“‘"'

4
A I
iy
-
y 8
e
. N
i
o

7 g

Y

N g I Pr )
FIRR L SR Ve Bl

MO e PTG
B DR R S B o
R LA RN A

. L e S i e N G g greer i WRECAG Sk TSP A
R TSR SR I

“h
- N iy

&%

<

e S

WL Y

- ,_-‘.,.. ,"-.‘ " AR {\
A

L El .

LS
. .
B A U RV d L .

-37-

Connectlcut Bridge Maintenance Program.—In addition to bridge safety inspections,
ConnDOT conducts bridge maintenance inspections. While the bridge safety inspections
are primarily for checking the structural integrity of the bridge ard its ability to carry its
design loads safely, the bridge maintenance inspections are performed annually to
document the need for preventive maintenance, such as cleaning, repairing, painting, or
replacing missing components.

Unlike bridge safety inspecticns there is no predeterrnined schedule for annual
bridge maintenance Inspections. As a result, it is difficult to ensure that all bridges are
inspected annually for maintenance purposes. Bridge maintenance inspeetion reports are
not routed to the Bridge Safety and Inspection S8ection. The maintenance inspection form
identifies needed maintenance, but there are no guidelines to define "good, fair, poor, and

critical” to avoid varlations in interpretations among the maintenance inspectors. (See
appendix F.)

Bridge maintenance and maintenance inspections are the responsibility of the four
maintenance districts, each headed by a District Maintenance Manager. These managors
report to the Director of Maintenance, who reports to the Chief Engineer of the Bureau of
Highways. The Director of Maintenance Is assisted by a Maintenance Planning Maiager
and a Maintenance Operations Manager. According to the ConnDOT criteria, no one on
the staff of the Director of Maintenance is required to be a registered or graduate
engincer, The formal line of communication between the Director of Maintenance and
the Directors of Engineering and Construction in the Bureau of Highways is through the
Chief Engineer. Metaoranda and informal eontacts, usually by telephone, also are used by
the directors. Direct communications occasionally take place among the lower units in
the organizational hierarchy of the maintenance, engineering, and ecnstruction sections.

In Maintenance District IIf, which ineludes the Mianus River biridge, there are three
Bridge Supervisors, each of whom reports to the Bridge General Supervisor, who reports to
an Operations Superintendent, who reports to a District Maintenance Operations Maneger.
The bridge maintenance funation is four levels removed from the Office of the Director
of Maintencnce. Bridge maintainers, on the bottom rung of the organizational ladder,
report to crew leaders, who report to the bridge supervisora. In addition, each distrlet has
two Bridge Maintenance Inspectors, who report to one of the Bridge Supervisors. The
supervisor of the bridge maintainers responsible for making repairs on the Mianus River
bridge is not the same supervisor in charge of the bridge maintenance inspectors.
Day-lo-day central control of all maintenance uctlivities Is administered by the
Operations Maneger, who is on the steff of the Director of Maintenance.

Maintenance Distriet Il had about 20 bridge maintenance workers in the early 1970's
when the drains on the Mianus River bricge were paved over. By 1983, because of budget
cuts, there were only five bridge maintenance workers in Distriet III, of whom two were
"part-time" workers; all workers were working a 35-hour week.

ConnDOT recaived at least three maintenance documents published by AASHTO:
"Manual for Bridge Maintenance (1878)," "Guide for Bridge Maintenance Management
(1976)," and "Manual for Maintenance Inspections of Bridges (1878)." Senior ConnDOT
officlals forwarded these documents downwerd through the chain of the ConnDOT
maintenanc? organization, and they said that they believed that the documents were In
the hands of the bridge safety Inspectors. Personnel at all levels of the maintenance
organization, including the Director of Maintenance, testified that they elther had not
received them or were not familiar with their contents. (See table 1.) There are no

formal provisions for regular communieations or contact between bridge safety and bridge
maintenarce {nspectors.




Table I.—Pamiliarity of ConnDOT maintenance employees
with AASHTO bridge maintenance and inspection documents

Title_of Employee ___Document Familiarity

Transportation Chief Fngineer None

Director of Maintenenee Had seen them and
passed them on to
Districts. Never
required that
they be used.

Maintenance Planning Manager Familiar with 1/
but not familiar with
3/. Worked on
2/ committee.
Porwarded documents
to Districts.

District Maintenance Manager, District 111 1 None

Bridge General Supervisor, Distriat Il 1 Hed seen 1/

but not read it.

Had not seen 3/
Bridge Supervisor (Maintenance) None
District I11

Bridge Maintenance Inspector None
Distriet 11} |

AASHTO "Manual for Brl%q:e Maintenance (1976)"
Contains warning o iieulty detecting rusting between plates of pin and hanger

bearings unless bearing fs dismantle. Contalns mention of essentiality of
cleaiting troughs under expansion joints to prevent corrosion of steel,

AASHTO "Guide for Brlﬁg Maintenance Management (1976)"

Contains chart of bridgs bearing problems, bu es not address pin and hanger
bearings.

AASHTO "Manual for Maintenance inspections of Bridges 1876"
Describes diffTeulty of fnspec ng around connection details to datermine if
corrosion is beginning and warns against overlooking these areas. Deserlbes

checks o see whether drains discharge water where ft may be detrimantal to
structure,
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As part of the maintenance program, the AASHTO documents on maintchance were
examined by a person on the staff of the Director of Maintenance and transmitted to
distriet offices. At the distriet offices, the AASHTO documents remained in supervisors'
bookeases and were not available to maintenance inspectors, many of whom said that they
did not know of the documents or did not know their content. No direction as to the us:
of the AASHTO documents had been given by the Director of Maintenance. The AASHTO
documents were not used in training CennDOT malntenance personnel.  bridge
maintenance inspection personnel got their training on an optional basis and went only to
the bridge safety inspectors' training schools, which were based on the FHWA's "Bridge
Inspector's Training Manual,” not the AASHTO documents.

Senfor ConnDOT supervisors with maintenance responsibiliti2s hed taken part ir the
development of various AASHTO documents in the past. The Director of Maintenance and
his staff person who distributed the AASHTO manuals to distriet offices had both served
on AASHTO committees which prepared the maintenance documents. AASHTO
procedures require that each document be voted on by the entire committee. Those
votirg are expected to be familiar with the materlal on which they cast their bailot.

The RHWA has prescribed maintenance guidelines for interstate highways so that
{nterstate routes will be maintained at design levels. Critical elements of these
guidelines are found in the Code of Federal Regulations (23 CFR 635.505), The specific
elemeits appropriate to this bridge concern drainage and bridges. Title 23 CFR
835.505(4), "Dreinage. Preservation of hydraulic capacity for which originally designed,"
states in part: "Preservation of the structural and operational characteristics for whieh
originelly designed. These include safe, smooth . . . surfaces; proper surface drainage; and
adequataly functioning bearing devices. . .." Because this section of I-35 is a toll facility
and wa3 not part of the Pederal-ald system, these guldelines were not enforceeble.
However, according to State personnel, the Federal maintenance guidelines for interstate
highways were being foliowed on the Mianus River bridge.

In a report tu Connecticut’s General Assembly in July 1881, ConnDOT discussed
ndeferred maintenance” as a factor that might lead to a bridge collapse. 18/ ComnDOT
did not state specifically why deferred maintenance might lead to a collapse by
identifying specific problems on bridges in the State. The report was largely in terms of
increased costs if bridge deterioration were not arrested. The possibility of fatalities or
{njurles from a bridge collapse were stated in terms of money loss to the State through
civil suits that might result. ConnDOT asked for increased funding, but it was not
granted,

ConnDOT policy and procedures for controlling snow and ice are formalized in a
37-page document entitled "Snow and Ice Control Policy." On multi-lane highways, such
as the Connecticut Turnpike, ConnDOT has a "bare pavement" poliey, which calls for
application of straight salt (432 pounds per two-lane mile). When sbrasives are required,
sand Is to be spread stralght. ConnDOT has reduced {ts use of salt from 180,000 tons per
year in 1969-70 to about 90,000 tons. The average during the past 10 years was
97,000 tons per year. Of the four maintenance districts, Distriot Il uses the least amoutit
of salt, 18,900 tons per year (average during the last 10 years).

__6157 Repor’ to General Assembly by Connecticut Department ¢f Transportation, July
1981, p. 2.
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Safety Board investigators examined ConnDOT's handling of citizen complaints
conecerning the precollapse conditlon of the Mianus River bridge. Complainants
interviewed by Safely Board investigators described unusual and alarmimg noises,
thumping noises, water leaks, high-pitehed sounds, objeets hanging or falling from the
bridge, and vibrations of house windows and furniture. Most of the persons Interviewed
had not made any complaints fn writing to ConnDOT or any other ageney.

The Connecticut State Police conducted an extensive investigation of ConnDOT's
handling of complaints. 20/ They identified 49 persons who said that they were concerned
about the bridge's precollapse condition. The State Police identified 9 persons who made
a total of 17 telephcna calls to some ConnDOT officlal between January 1981 and the
time of the bridge collapse. These 17 calls involved compisints of bridge noises,
overgrown weeds, and a broken drain plpe. No ConnDOT record couid be found of the
receipt of these calls nor was there any record of any action having been taken on these
complaints, although the statements of bridge maintenance personnel indicate that some
corrective responses were made, and this was confirmed by some of the complainants.
According to those maintenance personnel interviewed at the Greenwich, New Milford,
and New Canaan garages, telephone complaints were recorded on a plece of not= paper
and left for the maintenence supervisor. When the supervisor hnd taken care of the
complaint, the paper was discarded, leaving no record of the compluint or ite disposition.
Telephone calls were the most common method of making complaints. Letters of
complaint were found in the files, and all had been responded to.

There was no clear policy on how such complaints should be recorded snd handled.
On May 30, 1979, the Distriet Maintenance Manager of Distriet Il sent a memorandum to
his Distriet Il supervisors outlining a procedure to be followed in recelving, recording, and
responding to complaints received by telephone. However, there Is no evidence that this
procedure was ever implemented ot is now being followed. Most employees, ineluding the
district management personnel, were unaware of the policys none was following it.

After the bridge collapse, ConnDOT issued Administrative Memorandum No. 83
outlining department-wide procedures for handling telephone complaints. Calls or letters
complaining about bridges are to be referred to the Bridye Safety and Inspection Seetion
for action. Other divisions that may act on a complaint are required to notify the Bridge
Safety and Inspeation Section of the complaint and its disposition.

Overweight vehicles.—Permits for oversized or overwelght vehicles or cargoes are
issued by the ConnDOT Motor Carrier Operations Unit. During 1882, the unit issued
35,000 permits, 80 percent of them for overwelght vehicles and 40 percent for oversized
vehicles. The unit issues permits by telephone and on its own authority for loads vp to
120,000 pounds. It may issue permits for Joads greater than 120,000 pounds if the weight
rating of the highways and structures on the route to be followed sre known by the unit to
be capable of taking the load safely. There are no procedures tequiring consultation with
the Bridge Safety and Inspection Section to develop a safe route for heavy loads 1o follow.

Congress established truek weight limitations for the interstate system in the
Federsl-ai1 Highway Act of 1958 to prevent serlous damage to highway struetures such as
bridges. In Connecticut, trucks weighing more than 100,000 pounds are not allowed by
ConnDOT on 1-95 between New Haven and New York because of the welght restrictions
on tha bridges, including the Mianus Rlver bridge. However, on December 30, 1982,
transportation permits were issued for two five-axie trucks with a gross welight of

%0/ Connecticut State Police case No. 3-83-258200, "An Investigation Into State
Department of Transportatior Processing of Complaints Concerning the Mianus River
Bridge.”
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120,000 pounds. The approved route was partly over 1-95 but utilized the Mianus River
bridge on Route 1 through Greenwich. These permits were later revoked by the
Connecticut State Police because the vehicles did not follow the assigned routes. One
vohlele actually weighed 224,000 pounds and s suspected of having crossed the Mlanus
River tridge on I-95 on January 5, 1983--a critlcal event. 21/ The second unit welghed
185,000 pounds, and it oo is suspected of having crossed the Mianus River bridge in
violation of its permit. However, due to the lack of procedures, no one in ConnDOT's
Bridge Safety and Inspecilon Seetion was informed of these incidents, and the biidge was
not examined for pousible structural damage.

To be eligible to recaive Pederal highway funds, each State must certily annually to
the FHWA that 1 has an effective vehlcle weight  enforcement
program. 22/ Connecticut's enforcement program s carried our by the State Police, a
division of the Department of Pudlic Safety. The Connecticut State Police Commercial
Vehicle Enforcement Unit was formad in Movember 1875, with one enforcement squad
consisting of three troopers and a sergeant. In Pebruary 1977, Connecticut was cited by
the l'lederal government for not having an adequate waight enforcement program.
Conneeticut agreed to inerease the number of full-time personnel engaged in weight
enforcement, to install scale pits, and as part of a long-range program, to construet fixed
geales on major routes.

FHWA-AASHTO Relationship.—-The FHWA and AASHTO operate side by side in the
area of bridge design and maintensnce standards, as well es in develeping other highway
standards. The Federal esgency and the private association both develop technical
decuments; they condu.t this activity in elose relationship, and the resuiting documents
contain information, guidelines, and standards that relate to circumstances such as the
deteotion of the deterioration thati led to the collapse of the Mianus River bridge. The
relationship is authorized by Title 23 of the U.S. Code which authorizes the Federal-aid
highway program snd requires that the aid be chamneled through the State programs.
Seation 108, which sets forth the standards to be applied to the program, contairs
numerous raferences for consultation by the FHWA with the States in developing
standards.

AASHTO is a private association of 52 active members—officials of the departments
of teansportation or State highway agencles of the 50 States, the Distriet of Columbia,
and Puerto Rico. The U.S. Department of Transportation I3 a dues-paylng member and
has ex officlo status on all committees. AASHTO develops and issues technical
documents intended primarily for use by member departments and reflecting the best-
regarded procedures, practices, tests, specifications, or standards from the perspective of
the States ot the Natlor as a whole. In this role, AASHTO serves as a voluntary standard-
setting organization, providing a source of technical guidaiice or reference for all the
States, from e perspective of the States. Each State is free to modify or adopt the
resulting mateials to eonform to {ts own circumstéances.

The stuadards are Jeveloped by committees mace up of employees of the membe:
States, PHWA officials, and other experts in the subject matter under consideration,
selected under AASHTO authority, A two-thirds vote of all committee members is
requived before a standard cen become effective. AASHTO also develops and monitors
new technology and disseminates it among the Statea. in these activities, AASHTO

317 A ctltical event Is considered by ConnDOT to be the passage of a vehicle which
exceeds the nllowable highway bridge loading welght of 100,000 pounds over a structure
on the State highway system.

2%/ Title 23 CFR 857.1. The Federal requirements are for enforcement of vehicle size
and weight on Pederal-aid highways only.
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co'nmittees make liberal use of reievant research efforts by the Transportation Research
Board, the National Cooperative Highway Research Program, the FHWA's Offices of
Research, Development, and Technology, and others.

The chairmen of AASHTO committees are voting members and are rotated
periodically. The secretaries of AASHTO committess and subcommittees &re nonvoting
FPHWA officials with ex officlo status. The secretaries' tasks include coordinating the
work of committee members and planning meeting agenda. The titles of the AASHTO
subcommittees closely parallel the PHWA organizitional structure. For example, the
secretary of the AASHTO Bridges and Structures Subcommittee {s the Chief of the FHWA
Bridge Division, and the secretary of the Maintenance Subcommitteo is the Chiof of the
FHWA Construction and Maintenanca Division.

The AASHTO "Manual for Maintenance Inspecticns of Bridges," intended to inform
bridge inspectors of what to lcok for during inspections, was first issued in 1970 and was
prepared by the AASHTO Bridges arnd Structures Subcommittee. This manual was
incorporated by reference in the National Bridge Inspection Standards and thereby became
an enforceable standard. The AASHTO *Manual for Bridge Mulntenance” was first issued
In 1976 and 'vas prepared by the AASHTO Mairtenance Subcommittee. Page 182 of this
menual contained the following specific hazerd advisory on pin and hanger bearings:
"Rusting between the plates is very difficult to deteot unless bearing is dismantled." Both
AASHTO manuals were spproved by the AASHTO Stending Comrittee on Ilighways,
whose secretary was the FHWA Assoclate Administrator for Engineering and Operations.
As the FHWA Associate Administrator, he coordinated the activity of the two FHWA
divisions Involved with bridge design, inspection, and maintenance, The chiefs of these
two divislons also were secretaries to the two AASHTO subcommitiees which prepared
the AASHTO manuals. Employees of the FHWA Construction and Maintenance Division
worked on details of the AASHTO manuals as part of their Federal employment. ‘The
manuals were published by AASHTO, and coples were sent to the States by the FHWA.
The FHWA regarded this work on the AASHTO manuals as part of its responsibitity to halp
transfer technology.

Whenever new technieal information about bridge maintenanca is developed from
any sourcs, it can be published as an FHWA document or as an AASHTO voluntary
guideline. In this instance, the hazard advitory and dismantling information on pin end
hanger bearings was published only in the AASHTO "Manual for Bridge Maintenance," The
FHWA secretary of the Operating Subcommittee on Malntenance said that he was not
aware of any policy that would have prevented putting the hazard advisory also In the
"Manual for Maintenance Inspecticns of Bridges.” The latter manual was revised twice
after its initial version was [ssued, and the hazard advisory was not included in either
revision. He also sald that the hazard advisory could have been added to the FHWA
"Bridge Inspactor's Training Manual" as en improvement. However, the FHWA did not
modify the "Bridge Inspector's Training Manual” at any time during the 13 years after it
was issued. Neither the FHWA nor AASHTO did any further study on the subject of pin
and hanger assembly inspection, and no resesrch has been proposed to address the subject.

The AASHTO Maintenance Subcommittee did not keep minutes of its meetings or of
the decislons reached thervin. Therefore, no information could be found concerning the
rationale for publishing the Lazard advisory in the "Manual for Bridge Maintenance" Issued
in 1978, for omitting it from later editions of the "Manual for Bridge Maintenance," or for
not including it in other manuals. The secretary, chairman, and saveral members of the
subcommittee in 197(. and later subcommittees were interviewed, but none ecould
remember any specific . ttalls of what took place at the subcommittee meetings. '




Suspended Bridge Spans.~~The use of suspended spans has been common, and there
are numarous suspended span stractures nationwide. The pin and hanger assembly is
commonly used to make the connection from a cantilever arm to a suspended span.
Connecticut has 72 other bridges with suspended 1pans. Sixty-five of these are connected
with pin and hanger assemblies; the others have a seated connection. New York State
reported that it has 21 two-girder suspended span bridges of major proportions with pin
and hanger connections. The chief bridge engineer of “he company that designed the
Mianus River bridge stated that "the two-girder design is stil. .opular and always has
been. The use of the two-girder system todiy, however, usually invol-es continuous
spans.

A poll of State highway engineers 23/ revealed that there are at least 2,000 bridges
with suspended spans In the United States, that the overwhelming majority of the
suspended spant have pin and hanger essemblies similar to those on the Mianus River
bridge, and that the most common method of fastenirg pins is with a recessed pin nut and
cotter pin inserted to prevent nut movement, Only three States reported that pin caps or
pin nuts are removed during inspections.

Following the collapse of the bridge, the FHWA notifizd its 10 Regional Directors of
the basic design of the bridge and the suspected mode of failure. The directors were
instructed to notify each of the State highway Jdepertments in their district, to inform
them of the fracture critical detalls of the bridge, ind to instruct them that all similar
bridges in their State should be identified and inspected as soon as possible. The use of
apportioned Highway Bridge Replac:ement and Rehabllitation Progvram and Highway
Planning and Research funds was suthorized. On March 8, 1084, the FHWA informed the
Safety Board that the States had fdentified 02 fracture-critical suspended span girder
bridges end that, with fow exceptions, all were reportad in good condition.

Events Preceding the Aceldent.—After hearing news reports of the accident, two
truckdrlvers reported Incldents on the bricge that occurred shortly before the aceident.
One truckdriver stated that sbout 12:45 a.m., on June 28, 1983, he was driving his
tractor-semitrafler eastbound in the right trafflie lane on the bridge when he saw end then
struck & large crack across the road. He sald that the force of the impact caused him to
almost lose contro} of his vehicle. He described the crack as running diagonally across the
road and being about 8 to 8 inches wide and 4 inches deep. Another truckdriver said that
he was driving bis tractor-semitraller eastbound in the right traffic lane on the bridge
ebout 1110 a.m., when he struck what he thought was a pothole with so much force that it
caused his vehicle to swerve Into the left lane and alimost strike the median guardreil.
Both trvzkdrivers sald that they were driving butween 50 and 55 mph, that they drive the
highway regularly 5 nights a week, and that the road surfece had been bad because of
potholes and getting worse, but that they had never hit anything like this before. They
both thought that the incidents occurred in the vielnRly where the bridge span fell.
Nelther of the truckdvivers reported thelr experlences until after tha aceldent,

A oivil engineer, who was takirg his boat up the river to a marina about 8130 p.m.
on the night before the accident, sald) that as he passed under the bridge, he heard a loud
sound which he described as being similar to the breeking of a reinforeing rod in a tensile
test machine. After the accident, no broken reinforaing rods were found.

Y37 Kmerloan Road = J Trrnsportation Bullders Assoclation questionnaire of October 19,
1983, to State Highway Fnglieers Concerning Mlanws River Bridge Construction Details.
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ANALYSIS

Suspended Spen Collapse

The evidence provides a clear basis for identifying the pin and hanger assemLly
which falled first and the sequence of events leading to the eventual collapse of the
uridge span. The final at-rest position of the fallen span parallel to and northwest of its
original suspended position and the deformation of its superstructure indicate that the
collapse started at the southeast corner of the span. The severe twisting and buekling of
the eastern end of the south girder of the span indicate that the southeast corner struck
the ground/water first and that the rest of the span shifted slightly to the north and west,
and then fell into the water. The relatively minor damage sustained by the north side of
the superstructure supports this conclusion. Witness testimony also indicates that the
east end of the span feil first.

The damage to the componeiits of the pin and hanger assembly at the southeast
corner of the fallen span shows a multistage fallure of the support system at the southeast
corner, (See figure 13.) The init{al event in the sequence probably occurred many weeks
or even years before the bridge collapse when the inside hanger was displaced laterally
and separated from the lower pin, The lower end of the inside hanger had been at least
partially off its pin and moved out from the web by at least I 1/4 inches for some
time--long enough for heavy corrosion to develop in the space. The inside hanger was
straight and still attached to the upper pin after the bridge collapse, indicating that 1t was
not subjected to loads at the lower pin connection during the collapse. An examination of

the Inner end of the lower pin disclosed that the pin was substantially tapered and that the
taper existed on both the upper surface of the pin, which was not under any direct bearing
stress, and on the lower part of the pin, which was under direct bearing stress. The taper
would have induced a lateral force on the inside hanger because of thie span load. There is
no explanation for the taper on the upper surface of the pin other than corrosion. The
bearing surface of the lower hole of the inside hanger was destroyed by corrosion and
breakout areas.

When the inside hanger at the southeast corner moved laterally and separated from
the lower pin, the horizontal alignmeant of the span changed and the windlock parts came
into contact. The off-center wear pattern of the windlock of the fallen span shows that
the span was not aligned laterally with the cantilever arm for a lengthy time. The fact
that the wear pattern on the female part of the windlock connection was wider than the
raie part of the windlock connection indicates that the male part of the windlock, while
misaligned, moved downward, stayed in the center long enough to cause some wear, and
then moved laterally to widen the wear pattern. Such movement and misalignment also
was cvidenced by the rust marks on tha sides of the fingers of the expaension joint.
Moreover, the same laterel shift at the expansion fingers and sag at the deck level was
found in two of the other suspended spans on the bridge.

When the separation of the inside hanger from the lower pin occurred, the full load
at the southeast corner would have be:n transferred to the outside hanger. When the
outside hanger slipped off the upper pin because of the fracture of a segment on the top
of the outer end of the upper pin, the span collapsed relatively quickly., The unstable
span, now supported primarily at three corners, acted to rotate and pry itself from its
northeast connection. About the same time, the connection at the southwest corner
separated, overloading the northwest corner connection and fracturing off the flange on
the roller, and the span fell.
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The outer spacer washer on the upper pin of the pin and hanger assembly at the
southeast cosner was found to be concave ouiward, and the space between the spacer
washer and the welded washer was filled with debris and corrosion producets, The Safety
Bosrd conecludes that corroslor pushed the spacer washer outward and distorted it into a
concave shape and that the continuing pressures on the spacer washer in turn pushed the
outside hanger out from the web and reduced the bearing area. When the total welght of
the southeast corner was transferred to the outer end of the upper pin, the upper pin
hegan to pregressively crack by fatigue under live loads from the bridge deck.

The amount of force that can be generated by corrosion is tremendous. According
to the National Association of Corrosion Engineers, corrosion forces can cause pressures
of from 3,000 to 100,000 psi depending on the location of the corrosion in a confired area.
The consultant for the insurance carrier for the bridge calculated that the pressures
generated by corrosion oetween the spacer washer and the web of the girder was between
4,000 gi1d 7,000 psl. In addition, he calculated the pressures necessary (o overcome
friction between the pin and hanger to be something less than 1,800 psi. The magnitude of
the corrosive forces pushing the washer and hanger outward therefore would have
overcome easily any forces caused by frietion. If a conservative estimate of 3,000 psi is
used for calculating corrosion pressures, and the entire area under the 14-inch-dlameter
spacer washer is considered, the lateral force would be about 350,000 pounds. If only a
part of the area under the washer is used for calculating this theoretical force, say one-
fourth of the area, the force would still amount to almost 80,000 pounds.

Tne Sufety Board's space frame analyses, whiech considered only live loads, found
that out-of-plane movement {(upper pin relative to lower pin) of up to 5/32 inch was
theoretically possible at the southeast correr pin and hanger assembly. The movement
apparently was the result of a combination of tuesional rotation of the maln girder and the
tendency of the cantllever arm and anchor span members to sway laterally into an out-of-
plane position when the pin and hanger end of the suspended span was loaded. However, {f
the maximum theoretical out-of-plane movement had, in fact, occurred, it would have
resulted in a lateral shear force of only abcut 800 pounds at each pin and hanger
connection and a moment of only 2,100 foot-pounds applied to each hanger. This force
and moment is low in relation to the size of the connections, and the movement could be
absorbed readily in the designed clearances between members. Therefore, while lateral
movement due {o out-of-plane forces may have been a contributing factor in the failure
of the pin and hanger assembly in this accident to the extent that it could have
accelerated the effect of corrosion, it was not the primary factor in the failure of the pin
and hanger assembly.

The space frame calculations also showed that there could be lateral movement of
the girders adjacent to the hangers due to traffic loads on the deck and that it was much
less on the acute angles of the skewed spans than at the obtuse angles. At the fallen span,
the amount of lateral movement and corrosion at the southeast corner (an obtuse angle)
was, {n fact, found to be much greater than at the northeast corner (an acute angle).
However, the largest displacement of a hanger on a pin in another suspended span of the
bridge, where the bearing area was reduced to only 5/8 inch, occurred at an acute angle.
in the fallen span and two others, the location where the hangers moved the most on the
pins was where there was the greatest corrosion without regard to whether it was an
acute or obtuse corner. Thus, the amount of movement of the hangers correlated with the

e;ltter;tdof corrosion and did not correlate with the calculated out-of-plane movements of
the girders.




Bridge Design

Lateral movement.—The AASHO specifications usad in the design nf this bridge
required that inembers joined by pins be held against lateral movement. However, there
were no design provisions made to "hold" the hangers against lateral movement on the pins
of the suspended spans. The only element that resemble«] a retainer was the pin cap, but
It was not designed to take any lateral load. Obviously, there were lateral forces and
movement of the hanger on the pin leading to pressure on the pin cap, but these forces
were primarily due to corrosion which the designer did not consider. Neither did the
designer conslder torsional forces which might cause out-of-plane movement, Testimony
at the Safety Board's public hearing indicated that the foregoing corrosion and torsionsl
forces and resulting movements normaily would not heve been considered in 1955 in
designing a pin and hanger assembly, nor would they normally be consldered today.

In view of the large corrosive pressures which were present in the assemblies, it is
doubtful that the cholce of a thicker pin cap would have prevented the failure, If
anything, the thinner plate could have served to giva an esrly warning of & problem, If the
bridge Inspectors had been able to see and had correctly Interpreted the concave dishing
or the paint cracking on some of the pin caps. The pin cap effectively hid the joint and
much of the deterioration from view. Connections that are not hidden and are easily
accessible are more likely to be inspected carefully and frequently maintained. The pin
cap detail used in this design eppeared in the AISC manual as an approved design, but
there were superior pin connections deseribed; i.e., the turned bolt and nut, which could
have been used and which would not have involved the problem of hiding a critical
element of the connectlon. The pin cap detall in the AISC manual is an accepled detailing
practice; however, it either should be accompanied by a warning about the difficulties in
detecting corrosion and deterioration and in malntaining the connection or should be
deleted from the manual.

Corrosion.—When the bridge designer chose to connect the girder webs of the
cantilever arms and suspended spans with pins and hangers, he added a 14-inch-outside
diameter by 1/4-inch-thick spacer washer in a 3/8-inch-wide space. The bridge designer's
engineer sald that the washer was added to provide an additional plane for rotation should
the hanger freeze up. Its presence, however, provided an additional source of corrosion.
The washer not only provided much of the fron lons in the electrochemical process of
corrosion but provided an added eatching place for corrosion debris.

By designing the outside face of the hanger to sit on the edge of the pin, the
designer did not allow for any possible lateral outward movement of the hanger on the pin;
any slight lateral movement by the hanger would result in less than the full 1 1/2-inch
bearing surface called for in the design.

The bearing stress on the pin at the southeast corner of the fallen span under the
dead load, combined with the maximum live toad, was calculated to be 17,800 psi. This
stress Is lower than the 24,000 psi allowed by the 1953 AASHO "Standard Specifications
for Highway Bridges" for pins not subject to rotation, but more than the 12,000 psi
allowed for pins subject to rotation. The use of 24,000 psi in the original design was in
accordance with accepted engineering design at the time. That is, in selecting the
bearing stress, the pins in the pin and hanger assembly were not considered rotating
members. The design specifications for suspended bridges have been changed or clarified
over the years, and the allowable bearing stress in the design of a similar assembly today
would be 14,000 psi for the design of a pin, (see 1983 AASHTO "Interim Specifications,
Bridges"}, or about 28 percent higher than the calculated stress achieved under maximum
live-load loading. Assuming 17,900 psi stress actually oceurs, it is still only about
50 percent of the yleld strength.
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Although bearing stresses will never be equaliy distributed over the pin (that s,
localized stresses may be higher or lower than the average), the collapse cannot be
directly attributed to the bearing stress selected for the design. There may have been
fretting corrosion 23/ causing some deterioration, but fretting can occur under even small
loads and small movements and would not have been sufficient to be significant as a cause
of the collapse.

Skew.--The State's consulting engineer stated that the 53.7-degree skew would
have produced large lateral forces in the pin and hanger assemblies and that these forces
were primarily responsible for causing the hangers to move laterally off of the pins.
Using a computer model, the Safety Board conducted a comparison of the otit-of-plane
forces in pin and hanger assemblies of a 53.7° skewed bridge and a right-angle bridge. The
comparison indicated that while both the skewed and right-angle bridges had lateral
movements and uneven live-load distribution In the hanger assemblies, the movements and
uneven loadings were much larger in the skewed model. While the right-angled model had
a net out-of-plane movement of 2/32 inch (maximum) at the southeast corner due to live
loading, the skewed model had a net oui-of-plane movement of 5/32 inek {(maximum), or
more than twice the amount found in the right-angled model. At the northeast corner,
the out-of-plane movement was about 1/32inch (maximum) in both models. The
differences in the outside and inside hanger axial loads due to live loads was also much
greater in the skewed model than the right-angle model. For the right-angle model, the
differences are about the same at both the northeast and the southeast corners, namely
15,0100 pounds, while in the skewed model the differences are almost 4 times larger at the
northeast corner and 6 times as much at the southeast eorner.

Skewed bridges are bullt to be compatible with approach roadways or, in this case,
with the river channel. Simple skewed bridges have exhibited movement at the expansion
joints due to creep toward the acute corner. The cause of this movement {3 not precisely
known but may be caused by unusual loads caused by temperature changes, a pushing in of
abutments, and/or ice bulldup in the expansion joints. In the view of the Safety Board, the
flexibility of the supports of the suspended spans of the Mianus River bridge not found in a
simple skewed bridge support would eliminate the occurrence of creep as a cause of
lateral movament of hangers off the pins.

The primary factor In the failura of the pln and hanger assembly was corrosion. The
changes made to the bridge since the aceident have restored the geometry of the pins and
hangers at the other suspended spans and reduced the bearing stresses. Since the major
structure of the spans is essentially unchanged, and so long as corrosion Is controlled, this
circumstance offers an cpportunity to observe whether the skewed design of the spans and
the calculated out-of-plane movement of the large longitudinal girders actually causes
the hangers to move outward on the pins in the absence of corrosion. Notwithstanding its
findings, the Safety Board would encourage capitaiizing on the opportunity to test the
structure to determine whether the caleulated out-of-plane movements occur. A similar
opportunity to observe tendencies to movement of hangers on pins in skewed spans in the
absence of corrosion exists at other skewed-span bridges on the Federal Highway System.
The FHWA should conduct detailed inspections of the Mianus River bridge and other
representative bridges having a skewed and nonskewed suspended span design with pin and
hanger assemblie. to determine whether there Is a significant difference between the two
designs in terms of the movement of hangers on pins due to either dead or live loading.

23/ Pretting corrosion is "destruction of metalite compounds and the produetion of oxide
debris. Members must be under load with repeated motion.” Corrosion Engineering,
Fontana, M. and Greene, N., New York: MeGraw Hill Co., 1978, p. §8.
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Redundency.--The Safety Board's investigation suggests that the concept of
redundancy was not well-defined in bridge design in 1955 nor is it today. While ihe Mianus
River bridge had a redundant pin and hanger connection, there was not redundancy in the
suspended span structure. The Safety Board believes that redundancy of the basic
structure model should be required. At the southeast corner, when the inside hanger
slipped off the lower pin, the load it had been carrying was immediately transferred to the
outside hanger. The outside hanger carried the full load of the southeast corner of the
suspended span before the outside hanger fractured the pin and the connection failed.
When this failure occurred, the span began to fall because there was no longer any support
at the southeast corner. With only two girders supporting the suspended span, the failure
of one of the four connections left no redundancy to prevent the span from falling. Safety
Board caleulations indicate that a single hanger had the strength to support the full load
of the conneection, and the hanger did not fail and, moreover, that the pin fractured only
because there was not a full-width bearing surface. How long the outside hanger carried
the full weight of the southeast corner of the span Is not known at this time.

While the design of the suspended span of the Mianus River bridge that collapsed
was not redundant, redundancy was not a specified design consideration when the bridge
was designed in 1955. Indeed, redundancy is not required even today. However, the 1977
AASHTO "Standard Specifications for Bridges" require a reduction in the allowable range
of stress in structures subject to repetitive loadings where there is nonredundant load path
structures, i.e., "structure types with a single load path wheee a single fracture can lead
to catastrophic collapse.” The Safety Board is concerned that the concept of redundancy
is not well-defined and that disagreements among experts as to what is meant or intended
by redundancy have not been resolved. The concept needs to be clarified in the interest
of the safety of future designs.

Inspectability and maintaimbmy?.j-—-'l‘he Safety Board has concluded that at the time
the Mianus River bridge was designed, standards for designing stuctures did not give
sufficient attention to ensuring inspectability and mafntainability. Inspectability and
maintainability are not prominent goals in the state-of-the-art of bridge design even now.
These conslderations, which are elements of "reliabllity and malntainability," essentlally
require that a structure be designed so that it can be inspected and maintained as a
reliable system. Inspection manuals and maintenance manuals, when based on & specific
bridge and its environment, are of more value to workers than general instruction books
such as the "Bridge Inspector's Training Manual." This manual wes rot used by inspectors
because it was not targeted toward specific bridges and because It contained much
material that had no application. The Safety Board believes that the Bridge Safety and
Inspection Section should review the plans for a new bridge to determine if the structure
can be safely and adequately inspected and maintained. Inspectors also should conduct a
posteonstruction survey of a new brldge to ensure that specifications for inspection and
maintenance have been met by the builder.

Bridge Inspecticn

Checklist.~-The bridge inspectors did not use a written checklist speclfic to this
bridge on the job. They did not follow the details in the CeianDOT "Field Bridge
Inspection Booklet" and the PHWA "Bridge Inspector's Training Manual" during their
inspections. Both documents contained considerable detail not applicable to the Mlanus
River bridge, and this may explain why they vere not used. Moreover, the items to ba
inspected were not arranged in a sequence of movement over the bridge. The Inspectors
apparently had werked out thelr own sequence of inspection, but it was not in a written
form. The bridge reports were filled out from notes and memory after the inspectors had
left the bridge. This method did not ensure that all items were observed,
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Alignment.—The bridge inspector's report of September 1982 rated “alignment of
members" at "8," a rating that means the rated part is subjectively judged to be in as good
condition as when built. There were no written, objective, dimensional standards for
measuring "alignment of members," even though the FHWA "Bridge Inspector's Training
Manual" makes it clear that misalignment raises questions regarding the condition of
bearings. Misalignment found in other spans after the accident was due to corrosion,
which does not develop in a short time. Therefore, the Safety Board believes that at least
three of the four suspended spans had been misslign2d vertically (sagged) and/or laterally
for some time, that the spans may have been misaligned at the time of the September
1082 bridge inspection, and that the alignment inay not have been inspected adequutely.
The high rating assigned to "alignment of members" was misleading and may have
prevented the engineers fn the inspection program who reviewed the reports froin being
alerted to the serious problems which misalignme:nt can indicate.

Pin and hany, ¢r assembly.—After the inside hanger had been displaced off the end of
the lower pin at the southeast corner, the inside hanger would have moved along the upper
pin so as to be at least 1/2 inch farther away from the girder than when it was installed.
The spacer washers on the upper pin were observed to be dished outward by rust anywhere
from 1/2 to 1 ineh; they would have been occupying the additional space between the
inside hanger and the girder. The junior safety inspector's finding of a "handful of flaked
rust" in the joint did not cause him to record anything more than the general entry
"laminated rust" in the '"bearing” section of the inspection form, without any designation
of which '"bearing” (pin and hanger). Neither inspector noticed the change of dimensions
that was observable, possibly because they did not get close enough, and an opportunity to
detect the problem and prevent the collapse was missad.

Only the catwalk between the north girder of the eastbound lanes end the south
girder of the westbound lanes provided arm's length access to the adjacent pin and hanger
assemblies on those girders, and then only to the upper pins. To inspect the lower pins, an
inspector had to lie on his stomach and reach below the catwalk; even then it was difficult
to view the lower pins adequately. A portion of the inside hangers of the assemblies could
be touched while standing on the superstructure and by reaching through l.e space
between the webs of tnhe cantilever arms andJd suspended spans. Measurements could have

been made of the alighment of the webs relative to each other and the distance of the
outside hangers from the web.

The junior inspector who examined the Mianus River bridge testified that he had
walked along the bottom flanges of the skewed end floorbeams to "inspect® the pin and
hanger assembly connecting the north girder at the noirthwest corner of the westbound
suspended span {span C in figure 4) to the adjacent cantilever arm of the anchor span of
the westbound roadway. He galned access to these floorbeams from the north catwalk.
He did not take any measurements and only observed the upper pin at close range. He
reached over the top of the henger Into the space between the web and the hanger and on
removing his hend found it covered with flaked rust. Such an observation should have
suggested a critical fact—that severe corrosion was taking place. The inspection report
should have reflected more than just a routine notation of "pearings-~laminated rust," and
the report should have been flagged for the immediate attention of a supervisor.

There were no handgrips on the beams, so walking on them was treacherous. It was
made even more difficult by the presence of large amounts of plgeon excrement. The
beams could have been designed or fitted with handgrips or handrails, but apparently this
was not considered in the design or as an addition that would help meke inspections easler.
There {5 no indication that the inspectors ever asked for such additions, and they made
ingpections for more than 20 years without them.
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One of the most important pleces of equipment to facilitate the effective inspection
of large bridges Is the "snooper," yet it apparently had been used only once to inspect the
Mianus River bridge. There is no indication in any of the Mianus River bridge inspection
reports (which date back te January 23, 1962) that a "snooper” was ever used on this
bridge in a safety inspection. There is no place on the bridge inspection report
specifically for noting the use or non-use of a "snooper.” The junior safety inspector's
efforts to gain access to the pin and hanger assembly, however, implies that if a "snooper"
had been available at the southeast corner of the suspended span during the
September 1982 inspection, he could have examined the pin and hanger assembly more
closely.

The 1 inch or more spacing between the inside hanger and the web at the pin and
hanger assembly at the southeast corner of the fallen span should have been visible if a
close examination had been made during the September 1982 inspection. Heavy corrosion
products should have been visible in the open space. Also, if the instde hanger was still in
place on the lower pin at that time with a displacement of more than 1 inch, the inner
lower pin cap probably was dished to a degree that wonld have been noticeable. (if the
inside hanger had been completely displaced, this would have been even more evident.) If
the bridge safety inspectors had observed these conditions, particularly the latter, they
might have made a more thorough inspection. Therefore, the lack of & catwalk and the
absence of a "snooper" were eritical in the inspectors' failure to discover pin and hanger
assembly problems. The inspectors could have used the slower and more hazardous
method of inspecting the connections using a hosun's chair or scaffolding, or they could
have rented a "snoopet" or shared one with another State. Perhaps these avenues were
not pursued because of the limited time available for inspecting each bridge.

Nelther the FPHWA nor AASHTO have developed a written inspection technique to
detect hanger displaccment. Measurement of spaces between members was advocated in
both the FHWA "Manual for Maintenance Inspections of Bridges (1970)" and the ConnDOT
"Field Bridge Inspection Booklet." The FHWA was aware of the problem because the
AASHTO "Manual For Bridge Maintenance (1976)" contained the hazard advisory about the
difficulty of pin and hanger bearing inspection. However, the FHWA did not initlate a
project to address the inspection problers, and no action wes taken by either AASHTO or
the PHWA to develop a workable fnspection techrique. Such action was within the
FHWA's technical development responsibilities with respect to bridge inspection.

A ConnDOT engineer stated that dismantling of the pin and hanger assembly for
inspection had not been considered before the collapse of the span. Had such
consideration been given, and dismantling then been found too disruptive or costly, the
need to address the uninspecteble condition in some other way would have been obvious.
it would have been logical, had the problem actually been studied, to direct closer
attention to the presence of rust or to changes in span alignment, for example. Despite
the hazard advisory in the AASHTO maintenance manual, ConnDOT did not realize,
before this accident, that the safety of the bridge could not be ascertained with certainty
without careful pin and hanger assembly inspections.

In light of the techniques used successfully efter the aceident, it now appears that
the pin and henger assemblies could, in fact, have been inspected for severe damage and
rust without dismantling the hangers. Cleaning to remove rust which had developed
between washers probably would have uncovered the problem. Holes could have deen
drilled in pin caps to permit examination of the end of the bearing surfaces.
Measurements of hanger location and misalignment of spans to indicate bearing trouble
could have been specified. These methods did not require large research projects, but
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they did require some etudy. However, even though the AASHTO manual had advised that
bearing inspections were critical and that dismantling of the pin and hanger assembly was
advised, neither AASHTO nor the FHWA initiated a study of the problem. -

The advisory statement on dismantling hangers in AASHTO's "Manual for Bridge
Maintenance" was clear, but the fact that a bridge might collapse if vad bearings were not
discovered was not explained. Further, the AASHTO statement did not actually
"recommend,” much less assert the critical need for & detalled inspection, much less one
involving dismantling of bearings. Given the nature of the AASHTO advisory, failure to
dismantle was rost understandable. The advisory was based on the technieal judgment of
AASHTO that good practice calls for dismantling for inspection, but AASHTO did not
word the statement in a way that clearly suggested an imperative need to follow this
practice. AASHTO's failure to include the advisory in subsequent revisions of the "Manual
for Maintenance Inspections of Bridges" left the problem unaddressed in any current
AASHTO document. The original AASHTO document seems to have mads little or no
impression on ConnDOT employees. The purpose of the National Bridge Inspection
Standards—to avold a repetition of a previous catastrophic bridge collapse—was thereby
defeated.

It eppears that the AASHTO "malntenance" documents were not considered sources
of safety information by ConnDOT bridge safety inspectors. Although the documents
were distributed to the Bridge Safety and Inspection Section and were distributed at the
working level in the ConnDOT malntenance organization, no direction mandating their use
was given. Apparently, "maintenance" was considered to be a different function from

safety inspection and wias not directed primarily toward ensuring safety. AASHTO's
"Manual for Bridge Maintenance (1876)" which contained the hazard advisory about
dismantling pin and hanger assemblies had been only partially read by the immediate
supervisor of bridge safety inspectors, who thought it was "for maintensnce."”

Updating of Federal training materlals also might have alerted ConnDOT bridge
safety inspectors to the critical need of inspecting pin and hanger assemblies carefully.

ConnDOT inspectors recelved recurrent federally funded training, but it did not alert
them to the need to inspect pin and hanger assemblies closely or how to cdo it. The
training relied on the FHWA "Bridge Inspector's Training Manual," which had not been
revised significantly since 1970. Thus, publication of the AASHTO "Manual for Bridge
Maintenance" in 1876, with its advisory about the need for and the difficulty of inspecting
pin and hanger bearings, did not help users of the "Bridge Inspector's Training Manual."

The "Bridge Inspector's Training Manual" should have been improved since 1970 in
several ways beyond the addition of AASHTO technical information. It should have been
issued in a looseleaf format to ease updating. The manual should have been designed to
complement bridge inspection forins used by the States. It should have trained irspectors
to develop an Inspection sequence checklist for each bridge. Deseciptions of eritical
faflures and objective measurements should have been included. The manual should have
been organized so that pages could be arranged to refer to specific bridges.

Inspectors.—The legislative history of the National Bridge Inspection Standards
makes [t clear that the Jaw intended that fnspections be thorough, not cursory. It is
apparent that, In some respects at least, the inspection of the Mianus River bridge was
cursory and that the mandate of the National Bridge Inspection Standards was not fulfilled
in this case. Two persons cannot thoroughly inspect a six-lane, 2,656-foot-long bridge
with 24 spans, 60 columns, and 484 bearings in 12 hours; the approximate time the
inspectors spent on this interstate bridge every 2 years.
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The National Bridge Inspection Standards call for all bridges to be inspected at a
minimum of every 2 years. This cycle was followed on the Mianus River bridge.
ConnDOT inspects its "problem" or weight-restricted bridges more frequently. The
National Bridge Inspection Standards guidelines suggest the need for more frequent and
thorough inspections of certain bridges depending on such factors as age, traffic
characteristies, muintenance conditions, and known deficiencies. If ConnDOT had given
these factors serlous consideration, the Safety Board bslieves that the Mianus River
bridge would have been inspected more thoroughly. For example, the bridge had hed
bearing problems for some 20 years. The bsidge traffie had increased far beyond
expectatlons, heavy truck traffic was a high percentage of the totsl traffic, and the
quality of State maintenance had decreased. The Safety Boerd believes that these factors
should have alerted ConnDOT to direct more attention to the bridge, its total condition,
and the status of its critical elements—the pin and hanger assemblies.

FHWA review.—There is nothing inherently wrong with the In-depth bridge
inspections being condueted by State inspectors. However, action must be taken to verify
that these inspections are adequate to ensure safe bridges. The PHWA "paper reviews,"
whether by FHWA divisions, regions, or headquarters, are not sufficlent to ensure this.
Thesc limited "paper reviews" are not much more than making sure that the State checks
off the proper boxes on the structures fuventory and appraisal form. The FHWA field
reviews are also inadequate--observing a State crew inspect a bridge which is apparently
preselected so that the State crew inspectors are aware in advance that they will be
observed. Beyond this, a sample of 1 or 2 bridges out of more than 3,000 in the State is
far too small to be of much significance.

Proper audit of the State's procedures should include, among other thingst a careful
review and evaluation of a substantinl number of bridge inspection reports, especially
those concerning the more complex bridges, and covering each inspection team; a review
of hours spent on inspection at specific bridges; surprise visits to bridges during regular
inspections; review of the use of equipment employed In inspection (such as a "snooper,"
scaffolding, ultrasonic, radicgraphle, ete.); and a review of management policles and
procedures and of the inspectors’ treining programs.

Although Pederal requirements call for bridge inspections at a minimum of every 2
years, they do not specify the depth of the {nspections. Periodic in-depth {nspections,
probably at least every 10 years, should be required both to extend the useful life of the
bridge and to ensure the safety of bridge users. Such inspections were In fact
recommended by the FHWA in a memorandum to the States in 1968. 24/ Inspections also
should be more frequent or in greater depth when the bridge is subject to such adverse
conditions as heavy truck traffic and use of delcing salts. Periodie In-depth inspeations
are made of other structures. For example, aireraft major overhauls are done periodically
(in addition to routine maintenance), depending on such variables as numbers of landings
and takeoffs. Ships are inspected annually while afloat, and in more depth while on
drydock about every 2 years, depending on the time the ship spends in salt water.

The QGeneral Accounting Office (QGAO) issued a report in 1975 concerning the
FHWA's program for {dentifying, improving, and replacing unsafe bridges on the
Federal-aid highway system. 25/ The report emphasized the need for more attention to

2477 U.8. Department of ‘Transportation, Federal Highway Administration, Bureau of
Public Roads, Instruetional Memorandum 40-1-68, 32-40, Subject: Bridge Safety
Inspections, March 12, 1868.

25/ "Unsafe Bridges on Federal-Aid Highways Need More Attention,” Comptrolier

General of the United States, General Accounting Office, Report to Congress, July 2,
1975 (RED-75-385),
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the problem at both the Federal and State levels. It concluded that the FHWA did not
actually require the 3-week inspection training course besed on its "Bridge Inspector's
Training Manual,”" and that relatively little use had been made of the course. In
Connecticut, for example, the course has been condensed to & 4- or 5-day sesslon and is
given on a 3-year cycle. The PHWA's review of ConnDOT's compliance with the National
Bridge Inspection Standards did not review the adequacy of their training course--in faet,
it did not even mention that one existed. The FHWA should review each State's bridge
inspection tralning program during the annual bridge inspection program audit.

The GAO report recognized that identification of structural defects, corrosion, and
fatigue was becoming more important becauss many bridges were old and the heavy truck
traffic was Increasing. It identified a need (o develop inspection equipment for use by
bridge inspectors to detect structural defects not visible to the ey2 so as to protect the
public against bridge failures. Resaarch has been done in this area, but the resulting
technology has not yet filtered down to the inspection level. The Inspectors of the Mianus
River bridge, for example, did not have and never uced equipment to perform
nondestructive tests. The FHWA's review of ConnDOT's compliance with the National
Bridge Inspection Stendards did not address the rieed for such equipment by the inspe:2tion
teams.

in August 1981, the GAO issued anothar report or: oridges, which said there was a
need for better compliance by the States with the National Bridge Inspection
Standards. 26/ The report indicated that some States have fallen short of the Intent of
the standards and expressed the view that it is not enough for the States to meet the
minimum requirements of the standards. VFurthermore, it contended that the &nnual
review by the FHWA does little {0 determine that State compliance with the standards
produces the ultimate goal of ensuring against the collapse of bridges. Conneecticut
technically followed the standards, but its bridge inspection program was still inadequate
to prevent the collapse of the Mianus River bridge span.

The DOT's Inspector General should review tha FHWA's audit program to identify
and correct shortecomings and to strengthen the program's evaluations of State compliance
with the National Bridge Inspection Standards to meet the intent of the Congress of
promoting the safety of the American publie driving and riding across the Mation's
bridges.

Bridge Maintenance

Drainage.—An cx~mination of the bridge drainage system disclosed a number of
problems such as: (1) the design of the system; (2) the clogging of downspouts and
scuppers; (3) the overpaving of the curb drains; and (4) missing drainage system
components.

In the original bridge deslgn, three curb drains were provided on each side of the
road between the crest of the bridge and the expansion joint, a distance of about 240 feet.
The lowest was only about 10 feet from the expansion joint so that there would be only
limited drainage and then into an expansion joint and a curb trough. There was a history
of difficulty in keeping the curb drains open which was exacerbated as the work force and
maintenance funding decreased. The Safety 3Board concludes that the decision in 1973 to
pave over the curb drains was intended by ConnDOT to be a permanent solution to the
continued problem of cleaning the curb drains.

267 "Better Targeling of Pederal Funds Needed to Eliminate Unsafe Bridges,"
Comptroller General of the United Htates, General Accounting Office, Report to the
Honorable James R. Sasser, Uniled States Senate, August 11, 1981.
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After the closure of the curb drains of the fallen span, the expansion joint trough
and the smaller curb trough became the first collectors for water-borne sand, salt, dirt,
and Jdebris from the 240 feet of pavement above the expansion joint, a condition that was
not predicted or predictable in the original design. Based on the amount of road surface
originally drained by the expansion joint and the curb dreins, it Is estimated that the
water and salt flow into the expansion joint incraased by at least & factor cf 10 after the
curb drains were paved over. Approximately the same increase occurred at all four
suspended spuns which were affected by the overpaving in the same way. Those speans
were found to have clogged expansion joints as well as severe pin and hanger corrosion.

It is well known that the use of salt to deice bridges in winter accelerates corrosion,
especially where drainage conditions allow salty water to contact and remain on the steel
structure, Salt not only accelerates corrosion, it incresnes the degree of corrosion.
ConnDOT had taken deck samples which indicated that there were excessive amounts of
chloride in the bridge deck. Seventy-six percent of the 88 test core samples taken in 1978
contained niore than the maximum acceptable chloride content. This knowledge should
have rafsed questions about the reason for the excessive chloride, which should have
revealed the plugged drains and disabled drainage system. It also should have resulted in a
closer Inspection of the stee] superstructure. Use of salt is generally accepted because it
is assumed that correct drainage and maintenance will prevent any kind of drainage water
from contacting the critical parts of the structure. In this iastance, the drainage system
did not prevent water from flowing over the structure and pins and hangers; when that
water contained salt, it accelerated corrosion. The use of deicing salt contributed to the
corrosion and eventual bridge collapse only to the degree that the altered system was
unable to carry the salt away from the pin and hanger assembly.

The 19786 AASHTO "Manual for Bridge Maintenance" advocated that bridge decks
and structures subject to salt water tidal action and deicing salt should be specifically
flushed with fresh water to keep the structure clean and free of salt. Deicing saits
proinote corrosion by increasing the conductivity of solutions, by keeping the corroding
surfaces wet ror longer perlods of time, and by providing sggressive anions, such as
chloride, that permeate and destroy protective oxide films and enhance the growth of pits
by autocatalysis. Corrasion is resisted by keeping steel clean and providing & protective
coating, such as paint.

It was Inevitlable after the curb drains were paved over that the expansion joint
troughs and the curd troughs would become overloaded with sand, dirt, and debris.
Without preventive :neasures such as sweeping the briuge deck or cleaning the troughs,
the troughs would be.come clogged and would fail because of the added weight. While the
original drainage design wes not specified to be selfcleaning and s:emed difficult to
maintain, it probably was adequate to preclude overloading the expansion joint trough and
the curb troughs on the fallen span and consequently the extensive corrosion of the pin
and hanger assemblies. The amount of water which flowed into the expansion joint above
the pin and hanger assemblies did not become significant until the curb drains were paved
over. The weight of dirt and debris deposited fn the troughs also would not have been
signiticant, ever with minimal cleaning, until the drains were paved over.

In the original bridge design, the hydraulic slope of the expansjon joint trough was
established by the 1-percent cross-slope (1/8 inch per foot) from each side of the crown
of the bridge deck. The path of the expansion joint trough along the skew of the bridge
decreased the effective hydraulic slope to 62.5 percent of the slope designed across the
bridge deek. This change in slope was not shown on the drawings. At the fallen span, the
skewed expansion joint was on a downgrade of the road which made the south end of the
trougch higher than the north end. Therefore, the drainage was actually from the south
side to the north side at a 1-percent downgrade slope in the original design. A 1-percent
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slope is marginal for carrying away large amounts of water, and {s Ineffective for carrying
away sand, dirt, and debris. However, only small amounts of water and other materials
would have entered the expansion joint above the trough in the original design, and
periodic cleaning was a design consideration. While water might bypass the curb drains
even when fully open in the event of exceptional rainfall which might occur from time to
time, normal rainfall would not have loaded the expansion joint trough and the curb
troughs with sufficient water to wet the pin and hanger assembly.

The water flow pattern on the hangers at the southeast corner of the fallen span
indicatad that the water had come down onto the girder upper flange which once held the
curb trough. Near the center of the roadway, the heavy corrosion on the end floor beam
of the cantilever arm indicated that water had been falling through the expansion joint
directly onto the flanges of the end floorbeams. Heavy corrosion at this location meant
that the expansion joint trough was either overflowing or had not been In place for some
time. The fall of water seen at the northeast corner of another span was heavy and
adjacent to the pin and hanger assembly but did not include flow over the main girder.
There was no similar flow of water coming direetly out of the southeast corner of that
span. These differences show that the paved-over drainage system led to unpredictable
water flow concentrations.

At the southeast corner of the fallen span, the water marks clearly showed that
water did flow over the hangers and pins and that parts of the troughs, which remained in
place but which were filled with dirt and debris, prevented the normal direction of water
away from the pin and hanger assembly. Water flow marks on the inside hanger indicate
that the corroded area was subject to repeated wettings and a repeated water flow
pattern. The heavily corroded lower end of the pin and hanger assembly showed water
marks on both sldes. The marks were above and below the areas of greatest corrosion.

Other than the drainage system, there were no other features to protect the pins
and hangers from continual wetting or from corrosion. This was acceptable practice
because {t could be anticipated that failure of the drainage system would be detected by
the bridge inspectors. In faect, the fallures were seen and reported, but not corrected. It
was stated that missing or damaged drainage troughs were not repaired because they were
difticuit to reach and because the concrele-mounted corroded bolts to which they were
attached were very difficvlt to replace. However, this rationale wuas not applicable to
other parts of the drainage system that also were not renlaced. Moreover, no alternative
remedy was taken. Holes were cut {n the drainage systems, damaged or missing drainage
system sections were not replaced, and drains were paved over by ConnDOT ..; a direct
consequence of the need to minimize maintenance expenditures.

The paved-over curb drains were not aeddressed in the 10 years since the National
Bridge Inspection Standards had come into effect. Although bridge safety inspectors knew
that drains had been paved over on the Mianus River bridge, the knowledge was not
effeatively reported to upper management. No direction was given to correct the paving

for safety reasons because the chief of the Bridge Safety and Inspection Section was not
aware of the need.

The reviewer of bridge safety inspectors' reports said that he belleved that the
drains reported as "plugged" were plugged with sand. It is understandable that a bridge
inspector long famlillar with the bridge and Its drainage problems and the gradual
reduction of maintenance workers might accept paving over as an officially eondoned
actlion. However, the next reviewer of reporis, the Transportation Assoclate Engineer,
had the duty to question each repor’ that came before him. Even if he believed, as he
sald, that the drains were all plug: 2d with sand, he still should have been concerned.
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There was no functional difference between drains paved over and drains plugged with
something else, and the entry should have been cause for concern and inquiry. It is
apparent that the report reviewer did not sct on the warning regarding clogged drains
given in the FHWA "Bridge Inspector's Training Manual." ‘The Safety Board considers that
because of the large number of plugged drains, an inquiry should have been made. The
report reviewer, however, had little face-to-face contact with his inspectors and used the
telephone to talk to them. The contacts were most often for the purposa of controlling
movements and workload. ConnDOT should increase the attention given to reviewing
bridge iuspection reports and provide for face-to-face discussions of reports on selected
bridges by reviewing officials and inspectors.

| Cleanlnhg.-'rhe steel superstructure on the Mianus River bridge was not kept clean.
The boitom fla

nges of some of the steel were covered with pigeon excrement sometimes a
foot deep. Not only did this add to the corrosive process (pigeon excrement contains urea,
an ammon!a salt), but it also discouraged the inspectors from walking the steel for closeup
examinat.ons of the pin and hanger assernblies. The ConnDOT maintenance policy did not
call for the flushing of bridge superstructures. Steel should be kept free not only of bird
excrement but also of dirt, which can accumulate and hold moisture, which along with
oxygen will cause corrosion of unprotected structural steel.

Deferred maintenance.—~Among ConnDOT's responsibilities is managing and
carrying cut programs for maintaining public roads and bridges. This job requires
estimating resources needed, presenting and defending budgets, end allocating resources.
Reduced personnel and efforts to reduce maintenance man-hours were a factor in the
changes made to the drainage system on this bridge, changes which aceslerated the
corrosion which led to the collspse of the span. Tie cessation of bridge cleaning
conlributed to boti the extent of corrosion and the inspector's feilure to detect its extent.
The lack of a "snooper" made it almost impossible for inspectors to closely and thoroughly
inspect some of the pin and hanger assemblies. The “"snooper" was taken out of use
becanse it needed an expensive overhaul. Under a reduced maintenance budget, the
"snooper" overhaul could not be funded, and funds to buy & new "snooper” were not
budgeted until fiscal year 1885. The lack of a "snooper" was one aspect of the "deferred
maintenance" backlog which ConnDOT reported to the Connecticut legislature in
1981. 27/ In requesting more funds from the Connecticut General Assembly, ConnDOT
management pointed out "deferred maintenance" as a specifiec problem which might lead
to bridge collapse. ConrDOT proposed increased funds in 1981, almost 2 years before the
bridge collapsed. Reduced appropriations do not necessarily cause hazards, but they
present an increased challenge to administrators to provide adequate safety which may
become Insurmountable.

In describing its needs to the General Assembly, ConnDOT did not in fact say
specifically why deferred maintenance might lead to bridge collapse. It was not possible
for ConnDOT t» identify specific problems on the thousands of Connecticut bridges which
might pose a threat of complete collapse of a bridge. The report to the General Assembly
was, therefore, largely in terms of increased costs if bridge deterioration was not
arrested. Even the possibility of fatalities or Injurles from bridge collapse was couched
only in terms of money loss to the State, i.¢., "damage suits" might ensue. Significantly,
ConnDOT did not report that the inspection system itself might suffer under a deferred
maintenance policy. Having stated a concern that without more funds there might be
more emergency closures of bridges, and In light of its own "deferred maintenance"
response to insufficient funds, it might be expected that ConnDOT would have placed
more reliance on bridge inspection. It is true that the existing number of bridge

%‘;{1 iP.eport o General Assembly by Connecticut Department of Transportation, July
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inspection personnel was preserved, but the task of inspection became more difficult
because of the critical absence of the "snooper" and the cessation of bridge cleaning. The
situation was epitomized by the plight of the bridge inspector who pushed his way through
pigeon excrement in order to see one end of one pin and hanger sssembly on one span. He
did not repeat the effort.

At the same time, ConnDOT wes not heading the relevant hazard advisory in the
AASHTO "Manual for Bridge Maintenance" that called for dismantling hangers for
inspection. This advisory had been published by AASHTO after ConnDOT's deferred
maintenance policy began to take effect, but apparently the advisory was not noticed. On
the other hand, ConnDOT was not required by the FHWA to use this or any other
particular inspection method to be considered in compliance with the National Bridge
Inspection Standards and to be eligible for Federal funding assistance.

Advisory Manuals

AASHTO publications.—The concept of AASHTO publications, that they serve only
to help States oxchange technical knowledge and they are purely advisory, was well
illustrated in this instance. For example, two pieces of advice in AASHTO manuals--that
hangers should be dismantled for inspection and that designed drainage should be
preserved by cleaning--were worded so as not to suggest that they were mandatory and
were placed in publications that were not enforceable. States may be unable to follow all
of the technical advice in AASHTO documents for such reasons as lack of funds.
However, the fallure to follow AASHTO advice in this case {nvolved reasons other than
money. ConnDOT supervisors had the documents but did not even bother to read them in
many cases. The bridge inspectors most in need of the advice never recelved the manuals.
The advice in the AASHTO publications was not considered and then rejected for any
studied reason; it was simply unassimilated. The reviewer of bridge safety inspection
reports did not believe the AASHTO maintenance publications had any bearing on
"safety," and the Director of Malntenance had given no instructions to use the manuals,
even though he had personally participated in developing some of them. For these
reasons, the guidance In the AASHTO manuals, which carrled potentially life-saving
information, was ineffective ir triggering action by ConnDOT that probably would have
prevented the collapse of the Mianus River bridge span. Their content did not command
the same response as the National Bridge Inspection Standards, which carried no advisory
about the need to dismantle hangers.

FHWA publications.—It is a specific part of the FHWA's responsibilities to transfer
bridge, bridge malntenance, and bridge inspection technology gathered from all sources to
the States, and to develop bridge technology through federally sponsored research. The
AASHTO hazard advisory on hanger dismantling was not published in the FHWA "Bridge
Inspector's Training Manualy" therefore, it was not taught in bridge inspector tralning
courses. The "Bridge Inspector's Training Manual" had not been revised by the FHWA
between the issuance of the first edition in 1970 and the bridge collapse in 1983, The
Federal system thus falled to transfer the information that pin and hanger assemblies
need to be dismantled for inspection, a critical piece of bridge technology. Moreover, in
the light of the size of the Federal highway program, it is inconceivable that no other new
bridge inspection information requiring a revision of the manual surfaced in 13 years.

AASHTO's system of voluntary industry standards failed to trigger a response in
Connecticut; the AASHTO advisory of the difficulty of inspecting pin and hanger
assemblies without dismantling did not get to the people who needed it. At least part of
the problem was that the National Bridge Inspection Standards, which although they are
minimum requirements commonly regarded as acceptable, did not include an advisory
requiring pin and hanger inspections, and ConnDOT relied on the sufficlency of the

Federal standards. ‘
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The FHWA should have known of the inspection problem because the FHWA official
who served as secretary to the AASHTO Maintenance Subcommittee which developed the
advisory also was involved in the PHWA's bridge maintenance division. Thus, the PHWA
apparently exercised a choice not to include the information in the AASHTCG manuals in
the National Bridge Inspection Standards and the "Bridge Inspector's Training Manual."
While other means of inspection of the pin and hanger assemblies might have been deemed
sufficient, it appears that no further study on the problem was done by the FHWA after
the advisory of the inspection difficulty had been published by AASHTO.

The Safety Board has been hindered in further investigation of this matter by the
lack of minutes of the AASHTO subcommittee meetings. Advisory committees to Federal
agencies are required to keep detailed minutes of each meeting, in a manner prescribed by
the Federal Advisory Committee Act. The keeping of minutes by AASHTO committees is
important for safety and for hazard identification and should be resumed and required.
The Pederal government has a very real Investment in these meetings, not merely as a
dues-paying member of AASHTO, but because the meetings are a primary source of new
safety knowledge and the need for regulations. PFurthermore, the FHWA has a function to
be sure that safety technology actually is transferred to those who are in a position to
need it.

The effectiveness of the National Bridge Inspection Standards depends on the
inclusion of all relevant technical information devetoped by AASHTO and PHWA, because
there is currently no other way of mandating technical standards for bridge construction.
The Pederal-ald Highway Acts of 1968 and 1870 did not require the Secretary of
Transportation to establish objective and enforceable standards for bridges. The
Secretary may establish standards only on the question of required levels of training for
inspectors. Thus, the integrity of bridges Is dependent entirely on the training,
knowledge, skill, and dedication of the individual inspectors. In this case, that knowledge
was limited severely by weaknesses in the AASHTO and FHWA information transfer
process.

FHWA-AASHTO Relationship

The Safety Board has discussed the FHWA-AASHTO relationship in previous reports:
"Safety Effectiveness Evaluation of Traffic Barrier Systems" (NTSB-SEE-80-5), pp. 23,
24, and 26, and "Federal Highway Administration Non-Interstate Resurfacing,
Restoration, and Rehabilitation Program' (NTSB SEE-81-40), pp. 2-3. Both of these Board
reports discuss the dominant role of AASHTO in the FHWA-AASHTO relationship. In
general, AASHTO develops the standar !s, and the FHW A approves and endorses them.
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An FHWA officlal, who was the secretary of AASHTO's Muintenance Subcommittee,
stated that hie believed that AASHTO is one of the most efficient organizations he knew,
and satd that it is "very sensitive to over-regulation by the Federal government, and
addressed the needs of the States." He did not think that it would "encourage the States
to document good practice" if the FHWA were to use AASHTO documents for
enforcement.

The close relationship between AASHTO and the FHWA has been affected somewhat
in recent years by the FHWA's increasing use of an informal public rulemaking process and
by a U8 Court of Appeals ruling in 1878 that the relationship is to be limited to that
permitted by the Federal Advisory Committee Act. [In 1978, a U.S. Court of Appeals
ruling 28/ limited the AASHTO/FHWA (nteraction to the extent that the FHWA cannot

28/ Center for Auto Safety v. Cox, 580 F. 2d 689 (D.C. Cir. 1978).
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now seek the "advice" of AASHTO in matters concerning the Federal-aid highweay
program, without involving the full provisions of the Federal Advisory Committee Act g\
which opens the proceedings to the public and requires notice of meeting. All FHWA «
officlals serving as secretaries on AASHTO committees have been cautioned not to
violate the court's ruling. FHWA officlals continue to serve as secretaries to AASHTO
committees and participate in AASHTO meetings.

-

Vehicle Size and Welght

Connecticut's Motor Carrier Operations Unit should maintain a close relationship
with the State Police enforcement unit in order to learn promptly of oversize/overweight
permit viotations and traffic conditions that may influence compliance. It also needs to
keep the ConnDOT Bridge Safety and Inspection Section informed of permit violations,
when grossly overloaded vehicles travel across bridges that may not have been capable of
sustaining the load without being structurally és naged. There was no such notification of f
] the suspected crossing of the Mianus River bridge by the 185,000~ and 224,000-pound l 1
v 3 overloaded trucks in January 1983.

The FHWA is responsible for monitoring State practices to be sure they are
adequate to meet the Pederal legislative intent. In & recent audit report, 29/ the BOT
Inspector General recommended that the FHWA, "increase its leadership and on-going
involvement In vehicle weight enforcement operations to assure that the State efforts are
i sufficient to achieve intended program results." The report includes recommendations for
: effective deterrants, control of vehicles at loading or unloading points, and State permit
procedures. All three are pertinent to the Connecticut program.

Yehicle and Driver Involvement

An analysis of the highway vehicle skidmarks and other physical evidence, including
the trajectories of the vehlcles as they fell from the bridge, indicates that the drivers of
the tractor-semitrailers and the first automobile had no chance to stop their vehicles in
time to avoid falling. The speeds of the vehicles were not excessive, but permitted no
evasive action by the drivers.

The analysis also indicates that the fall of the span wus not instantaneous, and that
the driver of the first tractor-semitrailer must have seen something which caused him to
apply the truck brakes in a panie. In order to lay down 150 feet of skidmarks, the truck
must have been about 250 feet from the western end of the suspended span when the
truckdriver saw a problem and reacted. The truck was still partially supported by the
sagging bridge deck when it reached the other side of the falling span, and the roof of the
tractor cab struck the exposed expansion fingers of the decking on the cantilever srm.
Assuming the truck's average speed during braking wes 40 to 45 mph, the time between |
the truckdriver detecting a problem ahead, reacting, and braking was at least 8 to 8 ;

saeconds.

The driver of the second automobile might have been able to stop his vehicle short
of the span collapse If he had seen and reacted to the warning gestures of the driver of i
the stopped car sooner and had taken immediate evasive action. He might have been !
more readily warned or have better recognized the warning if the normal overhead bridze g
lighting had been illuminated or if the hazard warning signais on the stopped car had been i

29/ Office of the DOT Inspector General, Audit of FHWA Monitoring of State
Enforcement of Vehicle Weight Requirements in Region One, Report No. RI-FPH-3-034,
January 7, 1983, i
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that the car driver's fallure to activate the hazard warning signals immediately was

5 activated. QGlven the circumstances of the emergency stop, the Safety Board believes
understandable.

Although the inappropriate use of hazard warning signals may lead to driver
misconceptions in some cases, the Safety Board belleves that the majority of drivers
understand that sighting hazard warning signals operating on vehicles ahead of them
signifies that an unusual situation exists and that caution is required. Section 12-220 of
the Uniform Vehicle Code (UVC), the comprehensive model for State motor vehlcle and
traffic laws, authorizes the use of hazard warning signals on all vehicles that present a
traffic hazard to other motorists on the highway. 30/ However, the model statute is
permissive rather than mandatory and many States do not require the use of hazard
warning signals. The National Committee on Uniform Traffic Laws and Ordinances should
modify the UVC to require the use of hazard warning signals whenever a motor vehicle
becomes a hazard to motorists on a highway.

CONCLUSIONS
i Findings
‘ 1.  The final at-rest position of the fallen span and the deformation of its
% superstructure indicate that the collapse started at the southeast corner of the
) span, confirming eyewitness accounts of the collapse.
k 2. The damage to the components of the pin and hanger assembly a\ the

southeast corner of the fallen span indicate that the support system failed at
, that corner before the collapse.

3. The lower end of the inside hanger at the southeast corner moved outward
approximately half its width off the inner end of the lower pin due to forces of
corrosion,

4.  The lateral movement of the lower end of the inside hanger at the southeast
corner reduced the bearing area on the end of the lower pin and in combination
with corrosion caused the inside hanger to separate from the lower pin.

BT g, AT e B f mat e g N

5. The outside hanger was carrying approximately twlce its normal load because
of the separation of the inside hanger from the lower pin.

P

6. The upper end of the outside hanger moved outward on the upper pin due to
the pressure created by corrosion and dirt between the spacer washer and the
girder, the corrosion-induced tapering of the end of the upper pin, the pessible
out-of-plane movements of the assembly, and the heavier-than-normal load

the outside hanger carrled,

s

‘- 7. The outer end of the upper pin at the southeast corner of the fallen span
fractured in fatigue because the outside hanger which was carrying the entire
load of the southeast corner was displaced outward on the upper pin.

307 "Uniform Vehicle Code and Model Traffie Ordinance, Revised-1983," National

mmittee on Uniform Traffic Laws and Ordinances
University Trafflc Institute, Evanston, Hiinofs. » Section 220, Northwestern

-----
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8. A space frame analysis commissioned by the Safety Board which examined ‘
varfous possible bridge loadings found & maximum theoretical 5/32 inch net .}
out-of-plane movement of the southeast pin and hanger assembly due to live ’
loads,

9. If the 5/32-inch maximum out-of-plans movement of the southeast pin and ‘:
hanger assembly had been present, the resulting lateral shear force and
moment would have been low in relation to the size of the connections and the

5 movement could have been absorbed readily in the designed clearances

between members,

10. While lateral movement due to out-of-plsne forces may have been a
contributing factor in the fallure of the southeast pin and hanger assembly to
the extent that it could have accelerated tae forces of corrosion, it was not
the primary factor in the failure of the pin and hanger assembly.

11.  Corrosion at the southeast pin and hanger assembly was greatly accelerated by
modifications of the bridge drainage system, which resulted in an increased
number of wettings of the assembly, partially due to dirt and debris deposited
in the expansion joint above the assembly,

12. The water flow which repeatedly wetted the southeast pin and hanger
asseinbly was caused by the clogged expansion joint fingers and drainage
trough and by a clogged or buried curb trough at the south end of the
expansion joint, coupled with an increase in the flow of water over the
expansion joint due to paved-over drains to the west of the joint.

13.  The expansion joint troughs, although not designed to carry off large volumes
of water, probably would have handled the normal flow of water if curb drains
to the west had been functioning adequately and if the troughs had been
cleaned regularly,

14, The removal of the central portions of the expansion joint troughs between the
, fallen span and the cantilever arm did not have a direct influence on the
- corrosion of the southeast pin and hanger assembly.

15.  Salt used to deice the bridge surface probably accelerated the corrosion of the

southeast pin and hanger assembly and similar assemblies and bearings, but the

| salt would have hid a limited eadverse effect if the drainage system had
. functioned as designed.

16.  Funding limitations resulted In deferral of the cleaning of the bridge structure
and the mainterance of the drainage systein and led to the unavailabllity of
the "snooper" for bridge inspections.

17. The Connecticut Department of Transportation's decision to defer
maintenance and reduce maintenance personnel in the face of funding
limitations was a factor in the curb drains being paved over and left in that
condition for 10 years.

The budget of the Connecticut Department of Transportation submitted to the
Connectlcut General Assembly in 1981, which warned of the possibility of

emergency bridge closings and collapse if maintenance was not Increased, did ;
not report that the Inspection system itself might suffer under a deferred k
maintenance policy and did not result in inereased funding.
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The September 1982 bridge safety inspection of the Mianus River bridge was
eursory, as indicated by the relatively short time devoted to the inspection of
the bridge (12 hours or less) and considering the number of features to be

inspecteod.

The observations recorded by the safety inspectors during the September 1982
and previous inspections were Inadequate to describe the actual condition of
this bridge at the time of the inspection.

The criterfa used to rawe bridge deficiencies were too subjective and
inadequate to enable safety inspectors to uniformly report the conditions of
the components of the bridge.

Abnormal wear of the windlock of the fallen span indicated that thu fallen
span had sagged at least 1/2 inch well before the span collapsed.

Before the collapse of the suspended span, the other three major suspended
spans on the bridge were sagging 1/2 Inch or more at the expansion joint end
and also had shifted laterally at least 1/4 inch.

The pin caps effectively hid the pin and hanger beering surfaves and thelir
deteriorated condition from view and prevented easy observation and access {0
the connections, thereby making inspection difficuit.

The bridge inspectors did not have access to a "snooper" with vhich to inspect
the bridge properly durirg the September 1982 safety inspection,

The Connecticut Department of Transportation did rot respond to the hazard
advisery about the advisability of dismantling hangers for inspection which was
published in the American Association of State Higaway and Transportation
Officlals "Manual for Bridge Maintenance," in 1976, and its employees were
unaware of the importance of careful inspections of pin and hanger assemblies
and the possible need to dismantle them.

The high traffic volumes, especially heavy trucks, the reduction in
maintenance resources, and known maintenance problems should have alerted
Connecticut Department of Tiansportation officials to give increased
attention and more thorough inspections to the Mianus River bridge.

The Connecticut Department of Transportation did not conzider dismantling
pin and hanger assemblies to inspect bearing surfaces prior to the collapse of
the Mianus River bridge span and apparently did not realize that the procedure

might be necessary.

The Connecticut Department of I'ransportation bridge inspection program was
governed in practice by the minimum requirements of the National Bridge
Inspection Standards and did not incorporate more detailed technical advice
published by the American Association of State Highway and Transportation

Officials,

The National Bridge Inspection Standards do not contaln any inspectlion
requirements for Inspecting bridges or bridge components other than the
frequency of inspections.

The States determine the level of thoroughness of bridge inspections.

A A e . s A e W
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12, Pin and hanger assamblies can be inspected without dismantling the ; )
connections using at least three possible inspection techniques, namely (1) ~

drilling inspection ports in the pin caps; (2) measurement of spaces between
members; and (3) cleaning members to ren ove rust,

it 4
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33. The technical advice offered to States by the American Association of State
Highway and Transportation Officlals concerning pin and hanger assembly
inspection and preservation of drainage by cleaning made little impression on
the Connecticut Department of Transportation partly because the information
was presented in a document that was advisory In nature and not regulatory.

g : 34. The Federal Highway Administration did not fulfill its mission regarding the

1 transfer of technology and technical development in connection with the pin

" and hanger inspection problem identificd by the American Association of State
Highway and Transportation Officia’s in a hazard advisory.

35. The Jack of minutes of American Associstion of State Highway and
Transportation Officlals committee meetings precluded a reconstruction of
the technical backgrotnd of the pin &nd hanger inspection advisory.

36. The Federal Highwny Administration's responsibility for the general
administration of the National Bridge Inspection Standards required it to
review related training programs from time to time and to make

improvements in the curriculum,

The Federal Highway Administration in failing to revise the Bridge Inspector's < »
Training Manual periodically to add new information, such as the hazard 25
advisory that hanger assemnblies should be dismantled for inspection did not
meet the intent of 23 U.S.C. 116(e).

The National Bridge Inspection Standards do not require periodic refresher
training for bridge inspectors.

The Connect cut Department of Transportation bridge Inspector training
program shculd have included detailed instructions to the inspectors assigned
to the Mianus River bridge regarding the inspection of pin and hanger
assemblies,

The Federa)l Highway Administration's audit of Connecticut's compliance with
the National Bridge Inspectiop Standards was inadequate because it did not
examine and evalvate the inspectors' training program; did not review the
comprehensiveness of inspections, time spent on individual inspections, or the
use of appropriate equipment for inspection of complex bridges; and Jid not
constder a large enough sample of inspection reports of selected bridges.

The car that stopped on the bridge after the span collapsed might have
presented a more effective warring to approaching vehicles if its hazard
warning signals had been activated immediately. The Uniform Vehlcle Code
should require the use of hazard warning signals whenever a motor vehicle
becomes a hazard to other motorists on a highway.




Probable Cause

The National Transportation Safety Board determines that the probable cause of the
collapse of the Mianus River bridge span was the undetected lateral displacement of the
hangers of the pin and hanger suspersion essembly in the southeast corner of the span by
corrosion-induced forces due to deficiencies in the State of Connecticut's bridge safety
inspection and bridge maintenance program.

RECOMMENDATIONS

As a result of its investigation of this accident, the Natlonal Transportation Safety
Board made the following recommendations:

—to the Connecticut Department of Transportation:

Reopen the paved-over Jrains on the Mianus River bridge and any other
bridge in Connecticut which may have paved-over drains, institute a
program to modify the bridge dralnage systems so that they provide for
proper runoff of surface water and to require regular cleaning and
maintenance of drainage systems, (Class 11, Priority Action) (H-84-31)

Establish and enforce a policy of teviewing and evaluating proposed
modifications of bridge drainage systems to preclude reducing the

effectiveness of the systems. (Class II, Pricrity Action) (H-84-32)

Require the cleaning of critical elements of bridges and access routes
thereto immediately before or in the course of major bridge safety
inspecations. (Class II, Priority Action) (H-84-33)

Improve the quality of review of bridge inspection reports, and provide
for face-to-face reviews of reports on a selected sample of bridges by
reviewers and Inspectors. (Class If, Priority Action) (H-84-34)

Revise Bridge Inspection Form RRI-18 (Ed. 1-81) to provide for the
recording of information regarding:

(1) speeified critical elements with individual ratings supported by &
narrative explanation;

(2) observations and measurements of alignment of members; and

(3) use of speclalized equipment to gain sccess to the bridge area
being inspeeted or the reasons why specialized equipment was not
used. (Class Ii, Priority Action) {H-84-35)

Prepare individual inspection and maintenance manuals for large or
E:ﬁmplex )bridgcs within Connecticut, (Class lll, Longer Term Action)
-84-36

After consultation with the Bridge Safety and Inspection Section, install
as necessary, handholds, safety belt connections, handrails, catwalks, and
safety wires on existing bridges to assist Inspectors In safely moving
through the superstructures and gaining access to eritical elements of
the bridge. (Class Ill, Longer Term Action) (H-84-37)




Review the bridge salety inspection manuals and bridge maintenance
manuals and voluntary standards of the American Association of State
Highway and Transportation Officials and incorporate those which affect
bridge safety into the Connecticut Department of Transportation bridge
safety inspection procedures and bLridge maintenance practices,
(Class II, Priority Action) (H-84-38)

Require that a representative of the Bridge Safety and Inspection
Section review the plans for new bridges for safe and effective
inspectability and maintainability before acceptance of the design,
(Class 11, Priority Action) (H-84-39)

—to the Federal Highway Administration:

Develop a detailed and .omprehensive integrated bridge inspection
procedure using all available source materials, including but not limited
to the Federal Highway Administration's "Bridge Inspector's Training
Manual" and the American Assoclation of State Highway and
Transportation Officlals' "Manual for Bridge Maintenance (1976)" and
"Manual for Maintenance Inspection of Bridges (1878)." (Class I,
Priority Actlon) (H-84-40)

Amend 23 CFR 650.303 to include an integrated bridge inspection
procedure in its entirety or to incorporete such & procedure by
reference, (Class lil, Longer Term Action) (H-84-41)

Develop a model bridge inspector's field handbook in a convenient
checklist format which encompasses all the elements of an integrated
bridge inspecation provedure to be prescribed by 23 CFR 650.303 if
amended as recommended by the Safety Board. (Class 1I, Priority
Action) (H-84-42)

Establish a bridge Inspection enforcement program that will assure
compliance with 23 CFR 650.303 if amended as recommended by the
Safety F »ard. (Class 11, Priority Action) (H-84-43)

Develop and disseminate procedures for inspection >f hidden elements of
pin and hanger assemblies which do not involve the dismantling nf the

assemblies, (Class lil, Longer Term Action) (H-84-44)

Prescribe objective dimensional standards for the ilignment of bridge
spans to facilitate detection of misalignment caused by deterioration of
pin and hanger assemblies. (Class Il, Priority Action) (11-84-45)

In cooperation with the States, identify bridges thit have a pin and
hanger assembly design using bearing stresses above those allowed by the
1983 Interim Specification--Bridges, 1983 of the Amerlean Association
of State Highway and Transportation Officials, and designate them for
frequent inspeetion. (lass II, Priority Action) (H-84-4t)

Augment the current inventory and rating methodology of the National
Bridge Inspection Standards, which emphasizes an overall rating for
Flann;nf large-scale replacement or rehabilitation fuading, to require
nspectlons and ratings of sufficient depth and detsfl to address all
clements critical to safety. (Class II, Priority Action) (11-84-47)




Require that the design of any Federal-aid bridge include an analysis of
inspectability and maintainabllity, (Class I, Priority Action) (H-84-48)

Conduct detailed inspections of the Mianus River bridge and other
representative bridges having a skewed and nonskewed suspended span
design with pin and hanger assemblies to determine whether there is a
slfgniticant ditference between the two designs in terms of the movement
of hangers on pins due *o either dead or live loading and whether such
movement is acceptabls, (Class IIl, Longer Term Action) (H-84-49)

Lequire each State to develop an individualized inspection procedure for
each bridge under State inspection jurisdiction that has critical elements
whose failure will almost certainly result in a catastrophle failure of the
bridge. (Class Il, Priority Action) (H-84-50)

Prescribe eriterla for in-depth inspections of pin and hanger assemblies
based on objective measures of the risk of hidden deterioration, such as
the time sirce the last inspection, and/or whether the pin and hanger
assembly s dismantled, (Class I, Prlority Action) (H-84-51)

Prescribe an objective standard for repair or replacement of pin and
hanger assemblies according to measured -conditions of misalignment,
distortion, or changes in the position of elements of the assembly.
(Cless 1, Priority Action) (H-84-52)

Change the format of the "Bridge Inspector's Training Manual" to provide
{or page-change updating, to key the manual to inspectlon forms, to
prescribe mandatory examinations and inspector evaluations of individusl
critical elements as well as overall conditicns, and to describe an

optional methodology for effective on-site inspection, (Class II, Priority
Action) (H-84-53)

Include In the annual bridge inspection program audit a review of the
(State's br)ldge inspection training programs. (Class II, Priority Action)
H-84-54

—to the American Association of State Highway and Transportation Officials:

Modify Article 1.7.27 of the "Standard Specifications for Highway
Bridges (1977)" and stcceeding "Interim Specifications" to describe
forces which might result in lateral movements of members on pins to be
::onsidere;! in designing pinned assemblies, (Class 11, Priority Action)
H-84-55

—to the U.S. Department of Transportations

Direct the DOT Inspector General to review the Federal Highway
Administration's bridre inspection audit prograrm for its sufficiency In
establishing State compliance with the National Bridge Inspection
Standards, (Class il, Priority Actlon) (H-84-56)




—to the American Institute of Steel Construetion:

Review the pin cap detail shown In the AISC Manual of Steel

Construction to determine if it should be deleted from the manual or if
qualifying conditions should be attached to its use, (Class 1I, Priority
Action) (H-84-57)

—to the National Committee on Uniform Traffic Laws and Ordinances:

Modify Section 12-220 of the Uniform Vehicle Code to require the use of
hazard warning signals whenever a motor vehicle becomes a hazard to
motorists on & highway, (Clags Ill, Longer Term Action) (H-84-58)

BY THE NATIORAL TRANSPORTATION SAFRTY BOARD

/s/ JIM BURNETT
Chalrman

/s/ PATRICIA A. GOLLDMAN
Vice Chalrman

/s/ G.H. PATRICK BURSLEY
Member

/s/ YERNON L. GROSE
Member

July 19, 1984
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APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING
Investigation

The National Transno-tation Safety Board was notified of the accident at 3:03 a.m.,
on June 28, 1983, by the Connecticut State Police through the Safety Board's New York
Field Office. Investigators were dispatched from the washington, D. C., Headquarters
and arrived at the aceldent site at 10 a.m. on June 28, 1983,

Parties to the investigation were representatives of the Connecticut State Police;
the Connecticut Department of Transportation; the engineering company of Tippetts,
Abbett, MeCarthy, and Stratton, the designers of the bridge; and the Federal Highwuay
Administration.

Hearing

The Safety Board held a public hearing in Greenwich, Connecticut, from
September 19 to September 22, 1983, and received into the record a large number of
exhibits and the tastimony of 28 witnesses. Included were eyewitnesses to the bridge
collapse and the vehicles falling off the bridge; professional personnel who testified as to
their investigations and observations; officials of the Federal Highway Administration;
officials of the Connceticut Department of ‘transportation who deseribed the State
organization, functions, and operations for the inspection and maintenance of State
bridges; the bridge safety inspectors who performed the last safety inspection of the
Mianus River bridge; and one of the bridge maintenance inspectors who performed the last
maintenance inspection of the Mianus River bridge.
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APPENDIX B
DRIVER INFORMATION

The vehicle operators and occupants Involved {n this accident were the following:

1.

2.

4,

1979 Toyota Supra, 2-door sedan
Ms. Bileen M. Weldon - survivor

Ms. Weldon was the driver and only occupant of the Toyota. Ms. Weldon, age
21, was en route from Ney' York City to her residence. She held a valid
Connecticut driver license. Sha had been driving for about 5 1/2 years and was
familHar with both the vehicle and the route traveled.

1983 Preightliner tractor, 1977 Trailmobile refrigerator semitrailer
Mr. Harold W. Bracy - deceased

Mr. Bracy was the driver and only occupant of the tractor~-semitrailer. He
held a vealid Louisiana operator license that authorized him to drive a
tractor-semitrailer. Mr. Bracy, age 45, was en route from Springfield,
Missouri, to North Haven, Connecticut. He was familiar with both the vehicle
combination he was driving and the route traveled.

1977 Mack tractor, 1989 Strickland van semitrailer
Mr. David A. Pace - survivor

Mr. Pace was the driver of the tractor-semitrailer. He was accompanied by
his wife, Helen Pace. Mr. Pace, age 27, held a valld Georgia operator license
that authorized him to drive a tractor-semitralier. He was en route from
Matawan, New Jersey, to Merrimack, New Hampshire. Me., Pace was familiar
with the vehlcle he was driving but not with the route he was traveling.

1981 BMW Model 3201, 2 door sedan
Mr. Luis Zapata - deceased

Mr. Zapata was the driver of the BMW. He held a valid Connecticut driver
llcense with no restrictions. Mr. Zapata, age 31, was en route from New York
City to his residence. He was accompanled by a coworker, Reginald Fisher,
age 21, who also dicd in the crash.

According to a record check by the Connecticut State Police, none of the drivers
except Mr. Zapata had any record of any traffic violation convictions or previous
accidents, Mr. Zapata's driving record had evidence of two convictions for speeding and
stop sign violations and one previous accident.
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APPENDIX C
VEHICLE INFORMATION

KLM Truck.--The first truck was owned by KLM Nationwide Carrier, Inc., of
Jackson, Mississippi. The tractor was a 1983 Preightliner cab-over-engine. The tractor's
vehicle identification number (VIN) was 1FUEYRYBODH215824, and its 1983 Texas
registration plate was R-12-287. 1. . tractor was towing a 1977 refrigerated Trailmobile
box semitrailer, VIN B82773, also owned by KLM. The cargo was 50,000 pounds of
packaged meat, and the combination weighed 73,011 pounds. The vehicle had left
Springfield, Missouri, on June 23, 1983, destined for New Haven, Connecticut.

Fastway Truek.--The second truck was owned by the father of the driver. The
tractor was a 1977 Mack cab-over-engine tractor equipped with a sleeper berth. The
tractor VIN was 74751149, The tractor was towing a 19689 Strickland van-semitrailer,
VIN 112294, owned by the Pastway Transportation Company of Matawan, New Jersey.
The semitrailer was transporting about 26,000 pounds of empty beer bottles from
Matawan to Merrimack, New Hampshire, and the combination weighed 52,700 pounds.

Toyota.--The first automobile was a 1979 two-door Toyota Supra sedan. The
automobile was owned by the mother of the driver. The VIN was MA46021519.

BMW.--The second automobile was a 1981 BMW 320i, two-door sedan owned by the
driver. The VIN was WBAAG3306B8014970.
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APPENDIX D
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slat, vest ahutment

center mall 404

RECOMME

hangine down
vater sesping through = sirould e

= not funetioning st all.

s 5' saet of Lo
te rengired witr hot arokalt concre
broken at ocanter plsr in

nissing from anchar btolt east atutment,

station #3-251
te

east of lamp ste, 0-751
others not tightened down,

NDATYIONS

SPACT BELOW I8 NOY QUPRICIENT | ALBO LIBY CAVEE OF ALl DirgeTe WHEN PM0:RE. )
. 1. Reinf. steel rustine warou

ving, vest atutsent
2. Water luld.rf
J. Two bolts an

3 E N
left in place, under deck at n.v, ving, vest A
left in place at pler #4

At center vier /5,
¢t bound 1ams -

BRSLNIPTIEN OF WORK TO B§ BOME=—WHEN POSS!

BLE 8%OW QUANTITIRG

Lét. LOWY

e -

PO (31 e oo iy S g - Wt B v
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nNO. 95 IV W arelais

sohe of. Bai. B I8 ' TOWHN Gf’._n'\:".Ch y
praty WBawat piradtuiat BRIDGE OVER ¥oanue F' ver HD SPANS -
QTATE ©F CONNBETIGUY TveL Polled “eam and Girder eran LenoTH_ 2,860
SNIDGE INSPECYION REPORT | ingpgcrion mape sy _Jacobacr ard Covles _oate 221 /8L
Vo ’ OBSERVATIONS
COMERETE STAUCTUARY ] TiNsin evAJETYVRES
WATEAWAY PIEAG AND ABUTHENTS AN® M.oORS WTELL CONETAUETION AWD FLOORS
X X | casexine. _u..u._‘x‘ CONDITION OF PAINY 8 L wian L
ABENVACY st Uﬂ'l.llﬂl..—-——1 .
_ scoun Xl sermauant X|scarine ._ll:mji‘. ConROSION etcay 1
oseraveniond — L &] cnacuing — & | snreenstion ._.1..2_#. BXPANSION $OINTH o = STRUETURAL DRPECTE (3o
x X 1 AATLINGS —
i VHMOIRROWTH | BIBINTLEAATION EXPANSION JXNNTE IMHIIOI_——-——T ———[—--
CHANNEL SXIFTING X ] BECAY (TIHBEA) B uuunu_____—i— l:: moes ” PLOGR BAAINAS ey
OTHER PEATUALS x| sofiihed shdbunro || warsaraoorine FLOOR DAAINASE % | stusn enrzces .__.__r
] SYRRE: a
3 oTHEA SLPRCTY .| noor prunAGE nivEre
i piLs Founpationst Xl ornsr sericre OTKER SEIEETY .
i = [ 11 44K ] A t AL - . 1 ..
TR RSOV OOSERVATIONT FOR EACH PART OF STAUCTURE AND NOTE WITH (v) MARK TO INOICANE “OF )
" ' IR INSERTED YO REFER YO THE
i cgg;‘:»;?ug:;:: '::'::::3';"8--“?“:33" eiad o %:S‘o",?é M1 A INCLUDE SXETCHMES WHEN NECTSBARY
= RIMARNS
;.; IVOE BECOND ANEET WHER BPACE BELOW 1§ NOT BUFPICIENT, ALBO LIGT €AVAE OF ALL SEPELTE WHEN MO4810LE. Y
; 1. Llarge spsll in E, atut. S..fdscia side under 1st girder. (5" x 4' x 1') Jacked withi H
! piling. '
- Spall developing under 2nd girder 8. fascia side. Crack through pad and in abut. {srx2v)’)
2. Vovement in deck above E. abut. curtain wall., Szall spall developing.
3. Spall in 7th strinzer padestal S. fascia side. 1st pier from E. abut, Floor beazs jacked
with H piling,
f Di. Shoes in contraction W. abut, dus to thrust (i 70°)
5. Pavecent slab movenent over W. abut. curtair wall.
4., Pter #1 from W. abut, appears to have been pushed forward due to thrust.
7. Center mall jt. needs resealing (r 2,500')
8. Railings need painting (5,370' linoal)
. 9. Bridge paint poor.
: 10. Secallrg in Span #10 next to center mall W. btound lane (10 sq. ft. x 1/4")
; Scaling in Span #17 N. curd line W. bound lane (10 sq. ft. x 1/4") also at center rall
i curd {40 sq. ft. x 1/2")
: Sealing in Span FLL next to S. curd line E. bound {15 8q. ft. x 1")
: 11. Small spall - Span £15 inside of S. parspet wall (6'x3° x 1/4')
1 Start of a small spall on Span £15 in S. parapet wvall (1" x 2 x 1/L')
i Sza)l spall in deck Span £16 next to parapet curd 15! from end of span 15 (1'xb /4" )
: 12. Joints need resealing at eond of spans £1,3,5,7,9,11,13,15,17,19,20.
13. Scaling in Span £23 along S. parapst cwbd fss sq. ft. x I.'S
L. ‘Transverse Hairline cracks in all spans E, and 3. bound,
ls. Hairline avacks N & S parspet wvalls and curds, all spans,
: 18,  Space betwsen cheskwall and abut. Jt. (= 11"} due to thrust, ¥.W. and S.). corrers.
: Note: Relief joints have been cut and placed in this struzture,
; MAINTENANCE ANECOMMENOATIONS
g H0.| SRAEHIFTION OF WOAKR 19 88 DONI—WhEN POSHIDLE Enow QUANTITIES |__ter. eoer
z 3 Should be resealed ‘ ,l-o $) ,ggg
F Railings to be painted } . . 5
‘ ﬁ‘) Bridge to be painted (o‘f A1) Sty e | 62,000
1~} Has to be repaired " 5,000
g 12] Joints to be resealed 1,000
&
{
:
{

Y




APPENDIX D

A TP T YARTN - Y TOWh wazealCn VOIS n Ny 95 o s bl NS
, T % ate Migreay Dapariment eR:DCT OVER Mianus Rives e spang__ 2l
: . o aTeoRcommcnEd vwe___ Rolled Seam ard Gircer span cnere 2,80
BAIDGE INSPECYION REPORT (NSPLETION MADE BY ___ Jagobson and Prigs osve __£/2376%
i
"~ OBSERVATIONS Fage One ¢f nineg
CONCRETL STAUCTUREN TUILA ST CTLALS
WATEA ALY Pigms ANE AB TMENTS AND FLOORS $TECL CONSTRUL TiION AND FLOORS .
ADECUALY 1_1 UNOTAMINING X cncning 12092821 = CONDITION OF PAINT __.Lx_ wiAR —— '
KOouR LXseTr e ment R]scanng COMRGSION X]loecay _ X ;
OSsTALLTIONS ! tcnc-&mo x DHONTEGAATION X EsPANSION JOIKTE X STRUCTURAL oums_" E
VAOEAGROWT N X punreanation X[ exransion 20inTH 6 RAILINGS d numss_______}' ‘
CHANM, BHUFTING X GLeaY (hiveEn) Xl nuonos X L D18 X lrioon pravane >
.amu FEATURES Xipo:nting migonay Xl wargarasoring . [ X [rioon orunast K ]lovnea pericrs v
OTHER OEFEETS X]rioon onauct'u"" mvity b 1 _
PILE FOUNDATIONS Xjormem euut%}l{ IQ_' OTHER OLFLCYSE 31 — ———d
siptwaLug - X |sptwaing X|sizannns ; ‘
i i iaOVE COSEAVATIONS FOR EACH PART OF RTAUCTURG AND NOTE WiTH (1) MARX TOINDICATL 0K OR - NONL FOR1TLWE NLEDING LUFcANSY 7 :

SARK MiTr A CACLE WITH A RYMBLR INSERTED TO ALFIR TO TrL CORMEISPORDING REMAAKY WSTED BILOWY. AMPLIFY Ok JLZOND I-ELY AnD
QGUOL SHETCHES weEN NECTSIAmY

REMARKS

(VI BECOnd Shadl mhaa 1pae Belew () Asl awthicaal: Atye bt chune ol ah defaclo whos poaniis )

1, Transverse cracking io deck
2, Space between parspet wall and end post (¢ 3/u*)

Span 42

L, Scuppers full of rand
5 Se Transverse cracking in deck
4 6. Expansicn joints neea sealing betveen spane 1 & 2 (30 L.F,)

Span #3_

7. Scuppers full of sand

8. Transverse cracking in deck

9. Stringer joint plate pulled avay from center mal)l curd

1U. Small pop-outs in bridge deck, siov lane tota) {2 #q, ft. x 1/2%)

Span &

11, Scuppers full of sand
12. Transverse cracking io deck

13. 8mall plece of concrete breaking out of W, fascis side of S. parapet wall at 2nd
eonstmctiondoint {6"x1vx1")

L. center mall oger joint plate miseing bstyesn epepg bogng S

e N Ouic arge o Warh 18 e Deng — Wies Posgrbis Bhra Quaniiey £y Cont .
<711 - Should be cleansed out 0100.009
6 e Should te resesles {J0 L.F,) 5.0
9 < Should be replaced 100,00
10 = Shoutd be patched (2 o], £t, x 3/2%) 25,00
1) - Should be repaired (6%x1*x1") ﬂt‘l v? 20.00
o5
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' e et LAl Veli by Wiy _HMels
$iara Hahas Dasarimen smoct ovia___ Midwip Alwer e srans 2k
STATE OF CONNECTICUTY - Roll ed u.‘ Oil‘d.f BRAN LEAGTH i ‘—61
BRIDGE INSPECTION REPORY nspgenion Mang av _Jacobeon end Prigs LS T £/23/45

i

h OBSERVATIONS Page w0 of nine

CONCALTE STAUCTUALS ViwBIR §TR {TymCs
WwatEAwLY PIEAS AND ARUTMENTS ANQ FLOORS ITEL, CONBTAUC TN )
L)

AND FLGONS
ALQUALY X Tunpramising cancxing _29=20<16! _{conpinon of pany wLAR

OUR SLYTLEMENY HLALING X Yeoaronon
OB TALLTIONS CAAC K ING DibNTEQRATION 26 CaPANSLON 2OINTD

eROLRONOWT M BDISINTEGRATION CIPANSION sonts___Retanunes
CANNL BT ING OLCAY ¢ViMBER) _ ] panimos 1 Xismors

bECAY___
$TRUCTUMAL DEFECTH
RAILINGS

FLOOR DERATNAGET X‘
OTHEN FLATURES POINTING MALONAY WAT{RPAROOAING x FLOOM DALINAGE Qtuta pLresrs . ]

OTHER OLFECTS . 1X ] ri00n ORAINAGE Mdﬂnmn 1

PILE SOUNDATIONS otmtn otrects 21 12] ormea otreets _31111
BoEwsLxy

POLWALKS X Isiorwaixs 1

WAKL ABOYE OPSEAVATIONT FON EACH PART OF STAVCTUSE AND MOTE WiTH {4) MAAK TUINOHCATE ON O NONE FOA ITEME MLEDING LOPLANT "
WARK WiTh & CiRCLE WITH & NUMBER INSERTLO TO REFLEA 1O THE COAREIPONDING PEMARKSE LISTED BELOW. AWPLTY On SLLOND BntlY anD
QD] SEETCHES wrEN WECESSRAY

REMARKS

(Ust patene enuat whan spact balaw in Aot sufficiont. Alvd Lt Lawas of all Ssfotia whan pons s )

tastboands
Span ¥5-

15, - Scuppers full of sand
16, - Transverse cracking in deck

17, - Spalling in center lane 20' from span U (50 8q. fi.x 1/h to 1/2%)
18, - center mall flex bean bent 10' frea span 6 (10 L.F.)

Spep ¥-
19, = Scuppers full of sand

20, = Transverse cracking in deck
21. - Sceling in bridge deck slov lane 2* from span 45 - (1 53 ft. x 1/8%)
22, - Expansion joints need resesling betvesn spans #S and 46 (10 1.1.)

23, - Center vall flex beaa bent (20 L.F.)
Span #7

2L, « Scuppers full of sand
25, - Transverse cracking in deck

26, - Disintegration in edge of pavemsct &t expansion joint tetveeo spans 7 & 8,
(2 g, ft. x 17)

-_MAINI'tNAHCt RECOMMENDATIONS

Oascrptian 0 Wark 14 be Ot — Wrea Praritie Shew Qui-ti s
15.19-24 - Should be cleanad out
17 should be repsired (50 sq. ft. x 1/4° to 1/2°)
18.23 Should be replaced (30 L,F,) ,bf
21- Should be repaired (1 &, ft. x 1/8%) AL

22. Should be resealed (10 L.F.)
26- Should be repaired (2 89, ft. x 1%)
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Btate Highey Dagertment
$YATE OF CONMLLTiCUY

town __ CGREINWICY 00018 ‘ 95
3MOGL OVER Mianus River [ mn__ﬁ-

e Rolled Ream and Girder Pan LEnatu, 2,667

INSPECTION WAOE BY Jeacobson and Priga oAt 6/23/¢8

wiigy_ b, 26

BRIDGE INSPECTION REPORT

-

OBSEAVATIONS Page Three o4 ning
CONCALTL STRUCTYRLS
PERY 55D AR TMLNTY AND #,00m)

ADLOVACY UNDEANMINING Zlcancuine _Yie11-294 28 conoition of paint -l wran.

2
MKOuR BTTLEMENT scnuuo.______ﬂjj CORAOS ON X foecar
X
X
X

TIVSER SYA CTUmEs
WATLAR4Y

STLLL COMSTRLCTION AND P O A

OUSTRUCTIONS CAALKING OISNTCORATON LIPANSON JCiNTS X
URCERGACWTY W DISINYEGALTION {RPANBION JOINTS RAILINGS ALLINGS
L2 L LT AW LTS £1 %] GECAY (TiMBLR, RaHLINDS $=OLH FLOGA paninast
QF¥IA FEATURLY POINTING MASONAY WATIRPAQOFING FLOOR DRLINAGE OTHEN DLFLCTS

OTHEN OCFECTS IW&&.’ myETS . 4 [

Piid FOUNDATIONS 364 OTHEAR BEFECTS y OTHEN DEFETLTS 31‘
$OLwaing

e e e

$IOEwaLKY X Isotwarns X -

Wik ABOVE CHSEAVATIONS FOR LACKH PART OF STAUCTURE ARD MOTE WiTH () MARK TO INDICATL -OX OA “NONE FOR TEMENEQO NG LIPLANSY —
MARK WiTot & CIRCLE WiTh A NUVBER INSTRTED TO REFER TO THE CORALEPODING AL MaNKS VBTID BELQW ARPLPY On JLLOND SHELY EAD
DL BHETC-(S wEy WECISSaRY

REMARNKS

IVEE B0COns sR 08 wRIn 29000 Dole® o ol Wihtent. Ales Lot cawet of 2 atecta whan phusgin )

Laatbound:

Spans 8 and 9,

27, Scupoers full of sand
28, Transverse cracking in deck

Span 10

29, Transveres cracking in deck
JO. Scuppers full of sand
33 Centar mall flex bean bent = 10 L,F,

Spans 11 and 12,

32, Scuppers M1l of sand
3)s Transverse cracking in deck

Spen i

3L, Transverse eracking in deck
35¢ Scuppers full of sand

36, 8mall pop-cats in center lane - 10" from span 1 - totsd 1 8q, ft, x 1,
37 Disintegration to pavement #dge ot erpansion jointe betwesn spany 13 and 1,
Total 6 aq. ft. x 1%)

MAINTENANCE RECOMMENDATIONS
\ o.w.,q.._:_,r Wark ts 80 Oort ~ Whga Paaj b $rem Qub=raqy

2732.30-35 = Should be ¢leansd out

i ~ Should be replaced -~ 10 1,

3637 ~ Should %4 repaired « 7 oq, ft, x ")

LS
st
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e A BT

Baie Hgneds Deair e l 1405k OVIA » Riyar N osoans_ Qi '
‘ S$TATE €F CONNECTICUT vere__ Holled Fean and Girder TIRTCINN T i
; BRIDGE INSPECTION REPOAT ! INSPECT-ON MADE BY Jacobaon and Prigs DAL 6/23/6_5 )
ﬁ - - OBSERVATIONS Plge}'our O(ﬁl.hf - f
. " CONCALIL S$TAUCTURES Tuste A CT At i
.‘ WATERAEY PEAS A% 4D, TWMENTE AND FLOLN) $YLLL CONSTRLETION Ly FLrCmy !
- AYLQUACY L unoramning X cmcning SOQoL803-29 L conoivion or mm.__lrx. atan_ ¥ :

" Y0un SEITLUMENT e od X |conmcsion . X loeear o
Rt | KICRAIGNG b'scuuanrlo»._hﬁ- I*F'hl' LIPANLION JONNTE X IatpucTuma, DEFECTS. . T )

UNSLRGROWTH OISINTEGRATION TAPANSON JO1NTE K faiinings X { ririings 3

Cannnly LRIFTING CLCAY (TIMBEW, AALINGS _ L X 1snoes X J#i0on paninace P

OTWLN FEATURES X POINTING MASONAY WATEAPACORING X lsioon paninc ot K {otmin paracts . 1%

OTRIA DLFECTE x| FLoon m...mhgihsﬂf VTS X R

it sounsations ! xlotkea otrects | X 1oTHEn otrEcTs 1 i

Siefwa ug ¥ siotwaul X Iotasay 1)’

Mang ABOVE OBSEAVAT OGNS FORCAL PART OF $YOLTURE AND NOTE WITH v MARN TO INDIZATE O OR - NOML FORITEME ALLD NS LFPLBNAT 7
MARK W iTh A CIACLE WiTr A SUMBEA iNSERIEL TO RLFER TO T8Y COMMEEPINGING AEMARAS LITED BILOW AWPLIEY On S1CCND BmEEY AN]
CUDE SHETCmES wrEL MECESSARY .

3 AREMARKS

/ k (st atce=@ smaet mhEm apace batem ca mat pulficoanl Aly Lot couie ol 3t detech wREn e V')

Lasthounds

Span AL

39, Scugppers full of sand

39, Transverse cracking in deck

LO, Disintegraticn in dridge deck adjacent to parapet card (100 sq. o, x 1" o 2™
- Ll. Center rall finger joint plate missing

b - Span 1%
' L2, Scuppers fu)l of sand
L3, Transrerse creciking in deck
bL, Disintegration to top of S. parapet wall at coasstruction joints #5,-,7 -
total (2 ¢cu, ft,)
Spp 16
4 LS. Scuppers full of sand
el L&, Transverse cracking in deck
L7. Disintegration in deck adjacent to parapebl curd (2 sq. ft, x 1/2")
L8, Distntagration in deck 8t expansion joint betveen spans 1€ and 17
{3 oq. ft. x 1/2")

; Span 17
: L9, Scuppera full of sand
S0, Transverse cracking io desk,

MAINTENRAKCE RECOMMENDATIONS

Ne Orveproon ot dmnte g Dass — Wngn Pegr b g free Qoacrth e s Lerr
38+ L2-LSH9 2 should be ¢leaned out $100,0
Lo-b 748 - Should tn repaired (105 »g. £, x 1/2 to 2%) 1000,00

- -« Should be repaired 7,00

- = 8hould be repaired - ¢ cu. ft, € 0,00
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fum ks ORI ED 1) toms _GREENSIR 00018 ST g5 covngs tnlt
Sipie Hgrety Capatrant 83 OGE CYER Viamus degr Ny §Ping 2[
- BTATE OF CORMTTIONT YYre —R¢lled Bean and Dirder 1PN Llh.’.tu_?_’ﬁ{l
BRIDGE INSPECTION REPORT inspgerion Mapt 8y Jacchaon and Priga . earc £/23/¢%
— ) — -
* OLSERVATIONS Fage Five of nine
T CONTRETE STRUCTUFES TAMBEN STRLCTLRES
WATER ALY PERS AND SR TMENTS AND FLOORS STELL CONITALLTION AND $LOC B
ADEQuUALY L3 lunctamining ‘xq CRALIING g%:g%é?-‘vé CONDITION OF PAINY ____}'1] wWLAR l_’_
$o. 3 PEISETIIMEINT X NS ~;x cneeny oy Xorcay X
QUSTACTONS _+L CRECKE NG : Dl!i'o?lﬁﬂ.ﬂhON_é L 6= [EaPANSION JOINTS STMOCYUmA, BLALCTS._ - X
UNDERGHOWT™ tx DISMTEGRATION Kl EnmansiOn JOMTS X | mainGs ....'._......______ nwuucsm______g X
CmanAEL $H.FTING __Ei CECAY ¢ IMBLM X [ PaiinGs X {srots FLOOMDRA'NAGE ____  : x
OTAER FEATLALS Xipo v1ing unsgur___l}_i WNATERPASOFING X rioum pmainage GTHLR GEFECTS S
Llormimourecra . LK) rio0n ommo%:_%’_sz AVETS l
_ FILE FOUNDATIONS X | ormtn perects 20X Jovnen oerects X | .
L Jscrwaxs X [sopwsins B S (LS _]___

WMaKE BSCWE CASCMyaAY ONS FOR CACH PART GF STRLCTURE AND NOTE WiTH (1) MARK TO 1AL CATE OW QRN NOAND FORITEMERLED NG ELPLANA" " "
MARK WiTh R CIAZLE WiTol A NUKMEEA INSIATLIO TO RCFEM TO THE CORMESPONOING RIMARKS LISTLD BTLOW AMPLIFT ON SECOND SmILT A%D ',
CLLDl SHETLHES A-En NECESSanY

PEMARKS

tee geC ol pPEet wham BS3CE Be'ow 3 nat dbuflicuat Algg hat tawst oY 3t fufacts whin pons ¥la)

Erstbound:

Spen 18 « 51, Scuppers full of sand
£2. Transverse ~racking in deck
53, Disintegration io slow lane 1' from span 19 (1 sq.ft, x 1*)

Span 1% = SL. Scuppers full of sand
$5. Transverse cracking in Jeck

Span 20 - 56, Heavy transverse cracking in denk
57. Scuppers full of sind

Sgans 21 and 22
* 5%, Scuppers full of sand
59. Traosverus cracking in deck

Spans 23 60. Transverse cracking in deck
61, Scuppers full of send
62, Disintegration in edgze of paverent betveen spsns 22 and 23 (3 sq, ft. x 1%)
63. Disintegraticn in parapet curb sdjacest o span 27 (10 aq, ft. x 1")

Span 2L SL. ‘Transvarse cricking in deck

MAIWTLINANCE RECOMMIENDATIONS

LY Coun - oo~ o Wora (xbe Dare - Wre= Pors b7 Snes Quinot o By (ot

51.9,257-58-31- Shculd be clesned out $120.00
b o) ~ Should te sealed 200,00
635263 ~ Should be repaimd - 1L 8q. ft. x 1" 150.00

. : o - AR : - B - . P Ly - E
Ry I R I PR SR ~AY e BT g R e ey . Mo £ N <ER e ronth S LB e e T 4 L
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: 5
g
- i
., | 8
. 3
. " faem he AR 1R £O a? rown . GREFNWICH  0001% LY s wts_big 28 E
5'ate Hoghair Oapsriman srpct ovin___Mianis River ne seans_ 2L i
; . . ITATE OF COMNELTICUY Tvrg Rolled 3ean ‘Ld Ovrder sran Lthiﬂ-?_’__fél
BRIDGE INSPECTION REPORTY | insererion mapg sy _JaC0b3on and iriga oare _ b/21/€% 7 i
o 3 — B
Y r\ OBSERVATIONS Page 8ix of minp ,
. CONCALIL §TALCT ALY TIWeEn STA.CTL e !
WETEMARY P LAt BND AR TWENTY AND FLOONAS UL CONTRGL TGS, (S TIPS Y B E
ADEQuALY ir* UNDEAM. N IRG __LX_ cricinG 13 aRallaSePalconoition o rarnr _ [ X | wian ________I;
$COUR Eiserriement X Jacauns b CORROEON oLy ix
ORSTRCTIONS X focmacuinG R4 olsmucuhon_.llﬂﬁ_ LAPANEON JOiNTE Rlsrasct ws, cu(u;____.!
' UNCERSAOWTH 1K | OB NTEGRATICN X 1 E0ransion JOINTS RAILNGS Ra‘LinGy x
CHANNEL SHIFTING X Jo€Car T maLR, X Imaqings 1MOLe Xlrvoomgmamagt_ ¥
OTHE® HEATUNLS X [PONTING MaSTANY X lwarensrocring iz_lf FLOON ORAINAGE lx{ Grmen perers . Y
ormemotrects 1% lri00n prunice 12300 24nivers x N
__ Pt rOUNDATIO NS X |oreen otrects h" X;otHIn pLrecTs __.*__.llh
BofwaLes Xigotwa s IR T iX

MakE ABOVE OUSIAWLTIONS FOR EACH PART OF STACTURL AND MO E WITH {) WAPE TO IND-CATE O Of  NONE SORITENS MIED NG (oF, Enar

MASE Wit ACIRCLE WITH & NCMBLER INSERTED T2 REFLA 1O THE CORRESPONDING ALMARKS LISYED BELOW AMPLTY ON SICOND SmILT AN
Cobl Ll St il weErn NECESYaRY

REMARKS

PN BELENE KPS whan SEILE BHow g rot aeTtient. Atse Lot cavie BT 0l B00cta whes poas Bl )

Westboung from W,

Span 1 - 1, Transverse c¢raxking in deck

Spans 2,3,L,5,6,7 - 2, Tranyverse cracking in deck
3. Scuppers full of sand

Span 8 L. Scuppers full of sand
S Traneverse ¢raciking indeck
€. Disintegration to North parapet curd {2 sq, ft.x 1)

Spen @ 7. Sceppers full of sand
8. Transverse cracking in deck
Spse 10 9.  Tranaverse cracking in deok

10, Scuppers full of sand

il. Disintegration in high specd lare adfacent to center rall
curd (10 sq. ft. x 1/2")

Spen 13 12, Scoppers full of sand
13. Transverse cracking in deck
1L, Ceoter sall flex bsan bent (10 L,F,)

MAINTENANCE RECOMMENDATYIONS

e _- —— j Doevt- v 6 Wonte BE Doar - W P i g Snpe Nopnrgy - Lo Lowt

3-L-7-10-12 - Should be clemned out ' $150.00

é-11 - Should be repatred {12 sq, ft. x 1/2" to 1) 100,00

JH! - Should be replaced {10 L,F,) 20,00

%l 'f,s
|

A O A O o st e o * B
* i ‘ . . e L when L Lo o - ] - o
" . e e 3 I R T STV < TR A e < 2y o k. P FEL
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e TR I SR ST T "N ¥3 R
Sae H grmay Dezaniment ! proctostn ___ Misnis River we srany_ 2L
. . TATL OF CORNICTICUT ‘ rere Rolle¢ Peam Qirder tran Linotn 660
BRIDGE INSPECTION REPORT wserction mace oy Jasobacn and Prigs  oue___&/23/68 .
: .
; p OBSERVATIONS  pyro Seven & nire L
" CONCACTL $TRLCTURES TIMBLR STA CTLOLS
: WATEPAAY P LAS AND AR TMENTS AND FLOORS STLEL CONSTRACTION Anpf.COMY
ASECUALY ~ "3 ST o |x cascring 252k o204 1R<ONDITION OF PrinT WLAR 4
$covn -j seinemMenY . X icluhc_,._.___.__é’___._ COMRORION RECAY b 4
ONSTFUCTIONS X ]eratxing X} osreonmion_ 17422 Cr2aksON JOINTS {iraccrvac otreens »
UNDERIMONTH IxJesstansnon _ }'&4 ERPANTION 10NTS 2 fasncy RaLINTS — 7
CRANNEL BHTTING X | oecar (rimotn X [ marinGs X fsnoes R
OTHER FEATURES X {PONTIIG MAROARY | X [ wATERPADOFING X lri0on on:m:.(_,_____L CTmMER pLFLCTS 3 X
_ d—Jorumpiseers _ X1 r.00R pAMI%AGE 21_5_g6'2‘ -2 ers 1 -
AL IOUNDATIONY . LK 1 OThEN DEFECTS '1. OYHER DUFLLYY ' 3 .-
BOEwhLnd X ($otwaxs $olwdy s 'y

WANE ABOVE OBSEMBTIONS FOREACH PART OF STRLCTLSE AND WOTE WiTo £ ) MARK 1O hOICATE O OR NOAL FORITIWE A[E0 NC L LPanaY

MARK WiTo 8 O PCLE Wit & A WEERA INSERTID TO RIFER TO fml CORMERPONDING RINMAAY S LIETLO BEIOW AMPLIY ON SECOND SmEET &N:
CLLDE SHENCHES A <IN NLCESLaRTY

REMARKS

(s aRsens ahatl wrgs ppacd Ve aw g relautfiniant Ren i at sawse 0! 1l H0T0i whan ot B0 )

Span 12 - 15, Scuppers £311 of sand
36, Transverse crackiog in deck
17. Disintegration in parspet curb (3 3q. ft. x 1%)

Spans 13 and lhe

18. Scuppers full of sand
19. Transverse cracking in deck

Spans 15 20. Transverse crasking in deck
<1, Scuppers full of sand
22, Insintegration t¢ center mal) curd (6'xa"x*)

Spans- 16
23, Scuppers f3il of saad
el. Transverse cracidng in deck

Span 17 23S, Transverse cracking io deck
26. Scuppers full of sand

¢7. Spalling slong gutter line, slov lane - (15 aq, ft. x 1/2")

MAINTENANCE RECOMMENDATIONS

e - Con cr gnpr - minge Do~0 - Wrgs Pogr oo S50 Qs oy vy (m i
15-18221-23-26 « Should be ¢lesned out 150,00
17. Should be repsired (3 ay. . x 1") 10.90
22- Shculd be repajred (6'xL"x") £0,00
2r- Should be repaired (15 sq. £t, x 1/2%) 152,00
s
s
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Form Ng 8% T E0 1.0 TOWN _MM_CH 00015 L] 91 w‘.u__lh_]f
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Stale Higheiy Departrant &% DGE OVER vianus Fliver . £
. STATE OF CONNECTICUT Tyt Rolled Bexm 89 Olrder roun uac'm_g,‘."i

BRIOGE INSPECTION REPORT insereTion maog br . Jespbson and Prigs asve _K/23/6€

i

~ R

OBSERVATIONS Page Etzht ¢f ning

CONERETE STRUCTUALS TIMEEm §Ta e ngs -
WAT{RwWLY PIRS AND D TWENTS A%D 1 ,O0ONS FTEEL CLONSTAULTION Aep L Dey

Ao(wncv_________;x_ uho(lu-muo____.k_‘ cmscuens _37=38321  lconoimion oF paint —
®Koun SETTLEMENT SCALING X lconmosion
ORLTAUCTIONS v [emacaing oqsmucnnoa}ﬂ_-_zgrz‘ﬁurns-ou IOINTS
NSIRGRCATH _k_. DONILCRATION CLPAnS N IDi%TS X4 PN GS
CranntL SMIFTIND 'u DECAY (TIMBER) __ Rar NGy b 111 47
X

JWwWLaA
CLiay
STRICTUREL LErILTS __
LERSL 14 1

T

S0

D

FLOCR ORAInalE
OtRIR QEFLCTS

O

OIHEN PEATURLS PONTING MASONRY WATLAPACCFING £LOOR DAMINASE

QTHIN DEFECTS | froon paanact 8.1 Yivers
1 b

FiLt FOURDATIONS OTHER GEFECTY 3 OTHER OUFECTS 3?:4 — -

) 1 N OEwaLRY Xisictwa,mg $I0EWSLHS 'x
MIKE ARCWE OBSEAYAT - ONSPOREACK PART OF STAUCTURL ARD WOTE WiTh (1} WMARK TOINOLATE - CGK OR  NONT TORITIMS ACED NG TP anat .
MARKE Witsd A CIRCLE WiTit & NUNMBIA INSEATEQ TO AEFER 10 THE CORMESPONDING REMAREY LA TI0 BILOW AMALIEY ON SELOND $=ELY aND -

C L Of SHETCHEY WHEMN M{CLLSaRY

—_——

l.

i

(M)A XM

REMARAKS

AWVEE BAEBN S RNt mham S2ace BU'Ow 18 ARL B Lii6nl Alas Lol cawta of 31l Befecs whon “om e}

SPAN #17 {vcntinued)

28. Disintegration of center mall (6 sq. ft, x 2)
29. Disintegraticn of tridge deck adjacent to center mall (Su 8¢, ft. x 172"}
30, Disintegraticn in edge of zlab betveen spans 17 and 13 (2 sq. ft. x 1)

SPAN #19
31. Scuppers fuil of sand
32, Tranyverse cracking in deck

33. Yop outs ip 2iov lane, center of span (S sq. ft, x 1")
3u. Centar mall flex beams beat with one stanchion loose (20 L.r,}

CFAN 19

1S, Scuppers full of mand
3%. Transverse craciing in deck

SPAN &0

37 < lransverse cracking in deck
33 - Scuppers full of sard
39 = Center mall flex beans beat (30 L.t,)

MAINTENANCE RECOMMENDATIONS

Cecrtipna? Ao b "s g Dreg - Wrra Post o §rra Quns -4y

31-3F-38 - Should be olesned cut :
28.29.30 - Should be repsired {53 »y, ft. x 1"
k-39 Shoild te reolaced (SO L.F.)

35 Should be patched (S eq. ft.x 1")

<
vz%
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ame D N.er 1Cw A WRLENTI (2 WOLSY

n ne B s b
) . 00 ognany Depariment ot oven__ _Midnug Rivep Ns ‘"“-——gwb-
§ CONNESTICUT ]
) - BTATE OF CONNECTICY Yyoe rolled Peanm and Girder —_SPan Luc.m__ap,f“_‘“
x BRIDGE INSPECTION REPORT insereniow s o av_Jocobgon end Prigs oare___ _Efalfes
. .
. S OBSEAVATIONS Page Nine of ning
f COMCRETL gTR CTIuALE T B TMEE® STR T mpt
i WATE®wayY PEAS END AROTMENTS MO FLOCAS ST0EL COMITALCTION e ARO F, Dr s
e ADLQUACY _.r!‘ ununummo______h. cracama L840 conoirion OF PLiNT e
scoun Elsttriomint ST Y T N —~—}E jconnos.on :—« oreav_ . - 2
ossTRuCTiONS [ Xlcmacuing 2] o3 nrecannon bTolli$hQ EEPANSION NS Sul Blaa AL T {7 S S
vaotasnowtn | xlominreoaarnion X CxPANSON 40T X I uncy Rlimes >
CHANNEL EmiETING X/ CtCay (Tivpen, —'——ﬁrxi RaiLINGS X Jsrocs FLGOM praivarg —_— 42
OTHIM FEATLALS AIPOINT NG MASOARY . X WATLRPAOOE NG X Jr.0o0a CALINLGE OTHA OUECTS _ i -
QIHEA CLFICTS X! FcOA pasinage - nversy p.» i
PiLE FOUNDATIONS XIGTeim OLFECtS L X JOTHER DIFELTS 3 —
B OEwa a s X [socwaixs X yopniiag ! x
e T R A R VATICNS PO LA PART GF STAUCTUAL AND MOTE WITH (v) WARK 10 WD EATE 0GR RO T TOK
WARK W te A CiC Wil s Wy

C.UDE IHETCmES wrlh NECE§Sany

ITEMINLID NG LrFLANST

INSEATER PO ALFER 10 ThiE COMALLSONDING meMARKS LISTLC SELOW AMPUEY ON STCOND S-Etl dng

REMARKS

(VO aecon@ aPnot when spgce D0 0w 1) gt 0ttt Rigg at uosn ! 401 gatects mhgn *ams Bt

EPAN 20 {entincei)

L0, Disintegration in bridge deck, alov lane, center of span (3 3q. ft, x 1%)
Ll. Scuppers full of sand
L2, Transverse cracks $n deck
L3, Canter Mall flex teasms bent - 0 1.,f,
« Dieintagratics 1o Pavevent, slov lare between gpans 21 and 20
(1 3q. ft, x 2%)
SPAN 22

LS. Scuppers full of sand
Trankverse crecking in deck

L7. Disintegration in pavement, slov lane, 20' from spas 2) (1/2 »q. £t, x 1*)
MAINTENANCE RICOMMENDATIONS
L) ] - OI0 0 4% 0 W8 1O RO Dsr  Wrsa Pass b g Bhea Qoaern 0 - [r Zoa -
' bleﬁz = hsuld be cleaned out $50,00
LO-LL-L7 - Should be reaired (L} 0q. 1. x 1) 100,00
1% < Should be replaced (30 1.1,) 60.00
shsles
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ber hg SR, 18 L3 1 | TOmN CATS WL PIE) (SN VA0 B S L b & wul.&ig.‘
Sifia M pheay Degitres I snpcr oven___ Mlanys BRiver Ne frans_ CT
fl OF CONNICT ~uT - Rolled Bes~ and Qiyder span (rnre 8
SRIDGE INSPECTION REPORT | nseecTion mact by Jacobson and Prige pare 1o/ /FE
CBSERVATIONS Page Cre of Tweo
{ CONTRETL sTa CTUMLS TMBLE §TA_CTR(L
WAT A WAy U R Ee AN AR TMENTS AND F_DDNS STLE. CONSTA LY ION AnD £ OURY
LOLQUACY E’n’,T‘\.--u:av.mm»«w-v::, X leascne 6 CONDIT ON OF PAINT X ! wian IR
L SETTLIMENT ]'! SCALING bel « |?7]coamonen X |otear R
OBSTAUETIONS X (CaanRrNG x DHENTLGRATION [X_[exPansion JOINTS STACCTOmA, CEFECTS s
GADERC RO W T X Jo'sintecmarion X lexranvon sorars [ Xlmanrnes __  1X Jauiagy_ X
Crahnly SR TIRG K L-coay (Tumpre, x,_, ARILINGY x $HCES (2% -1 FYLY B U |
OTmEN FEATURES ______:E‘ PO NTING MASONAY X WATEAPAQOS ING x riocmprunaGE ____ 1X Lotugm CLFLCTS v
CTRER DEFLCTR X jricon praivag 7l vt ) ___
PiLE FOUNDATIONS X f:-')‘-"ﬁ?jﬁﬁ }%ﬁr STHEM DUPELTS ? 3 DR
3 OEwaLng B DEwsiu) iy Slwens

Mang A0Q v COSENVATIONS FOM EACH PART OF STALCTURL ANO NOTE Wi TH (1) MEAK THINDICATE O CANONT SCN ITEMES ALED NG ERPL BNaAY -~ °

WARL . Tt 8 CRELE WaTr & 8 WL INSERTED TO REFLR 1O THE CORRESPONDING ALMARKS LISTED SELOW AMPLVY ON $ITONY E~ELT? an:
Cauvld BxEVC-ES wrls NECLSS4PY

REMARNKS

i.-
(vt aacand sl mhan gauct B awm o6 mat du?otitnt Afga bt caunt of 31t dafacu e him gl b/t § 4

ZASTROND JEIX FR™V WEST:

Spab ) - ],
Spln 7 - 20
Span 1)= 3,

1o
Sptn e g-
Span 16 7.
Spl.n 17" 00
S”n 18- 9.
Sm 20'10'
Span 21.11,
SPl-D 22'120
SP‘D 2}"130

Popouts in slew lave « ¢ SF x 1* .

Fzilure to e#dge of pavement agjacent to Spen 8 « 3/L SP x 1/20
Popouts ip centar lare - 2 SF x i°

Failure to edge of pavemert adincont to Span b - 1A SF x 1/2¢
Three saell popouts = 1 S7 x 1/2*

Poir taxture t0 concrete in deck

Light scaling in South gutter lipre ~ 1 8F x )/2°

Fatlure o edge of pavemeat adjecent to Spap 18 - 2 8F x 1/2*
Pop-oits in deck - ) SF x 1/2"

FPopeouts 10 deck « 1 SF x )°

Popecits ip deck « 1/2 SF x 1/2*

One smal}) popecut « 1/2 sF x 1A

Failure to edge of pavemunt - 2 SF x 1/2°

WESTBOOND FROM WEST)

Span 10 -},
Span 1) -2,
Span 18 -?‘o

Spm 19 .SQ
Span 2] =
Span 22 -
Span 23 «

Medlun scaling to drcx sdiuceat 1o contor mali + 19 SF z 1" to 1)°
Pop-oits in deck « 1 SF x 1"

Fellure % edge of pavenent adjscent to Spen 19 - 1 SF x 1/2°
Light scaling various apots in deck

Pop-outs in deck - 3 SP x 1*

Pop-outs in deck - 6 SF x 1®

Pop-outs 10 de2k « 1 8F x )}

Fop-outs in ceck « 1 SF x )*

MAINTENANCE RECOMMENDATIONS

Denr-pr anw g g be Daan o Weys Pagpblg 1% m Qua v 0y s ‘g

P w {2" Concrele repalr to decik = total 12} SF x )/2s
f}-vé'-j-s ~ Concrets rapair to deck « 1L 3F x v
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GEEPNWICY - 00015 A % 5% gy, be 3¢
LY ovuﬁ_T_BJﬂ.lmMr__ — N sn\s___?__lL_
Rolled Bear and sirder $oan rnorm_ 2,88
INBPECTION MACL @Y vacobsdn and Friss 0"1.;0/’/“ .
OBSEARVATIONS Fige Tw oI I\

. l ConrElt STALETURLS . TiMpLe STR_CTURLS
WETER ALY PEEY AND Y JTNINTSY ANY T Oums $TLEL CONIY AL CNIGN a%L B LCEY

1 Amuv.__.__._;L UNDERMAING _ ______k‘ CRALRING 6] conrrion or ramt __{x woean__ Y
Lo 2 serriemenT_ X Jscaino X]consosion —Ax]oeear______ |

OMETAUCHONY oy leracminG 11 o‘muaunou_____;g LEFANSION JOINTS Xisvauvctuma pergers__ X

UNGEROA W TH .!1_4 DSiNILGRATION CIPANS O FOINTS | X maincs 2l maiings ._...___._.I

CHANEL SHIZTING -—Jr!“{ CHLCRY (LINBER; X nar,ings Xisncts Xlroom ganeminr 1Y

otam itaTRES X 100 nTinG MASTARY X wargmoacoring ., Xlrioon paunase 8] otrin CLIECY$ _______3!

p—] QTHER CEFEITS 1?"‘13 FLOOM ORANAGL f [ 1R14¢ ] X 1
PLE FOUNDATIONS OTRIN NLFECTH Xlormgs prricrs X ;

S DUWaL XY Xivprmaxy Y]y otwans Is

MALL 6070 vE QRSEAMVATICONLFOR EALM PART OF STRULTUR

EAAD MOTE Wit o) MARK TO IMDIZHTE -ON OB NONE FORSTEMI ACED NS (AP anat
MARE W T A CARCLE WiTH A NWBEA (NSIRTED 1O REFER 10 TrL CORRLEPOND NG AEMARKS LIBTED BELOW AMPUIFY ON SICONE S=ILY avD o
LU0k 3ot 7L il mnln SLLERVATY

REMAARNKS

AV satnr g AN0E. vHIR 2aCE Da'pn 6 ARt st anL Rigplat tansd of il Sefpta wign SoRa R )

GENTPAL FCR 'ECYy

-1,

MAINTENANCE

6. Transverse cracks variocus spans

7« A1) scuppere snd dams full of asnd

8, Expinaion dam covers on center sall wissing - total « )

9. Center rall flex beans dent - total 110 L.},

10, Disintegration to top of Soath parapet wall « Span 15 Eastbound - total 2 CF
Ueintegration in parapet curd - Spas 2) « Eastbound = 10 SF x 1°
Disiotegration to various spots of center mld

1l. Crack in correr of girder pad - 17 pler from West, firat pier froa North

12, Spal) 4p Fast abutment under fivat girder Jacked with piling

Spall developing &n Esst abotwent uncer sezond girder

Pler 1 froa West atutzsnt appears tc have beea pushed forvard dus to thrust,

RECOMMENDAYIONS

Deveoper ot Awbcacs bres o Bipn Ped b s Bhee Qv v

{ Co

- ———r—_ amb i

e — s
-
T
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Pomie 43 10ED abt rowy _ OTOSIVICH nn, 195~ o
= —Mies
Suate Hpgho sy Deatrt e puoce owgn _ HEATTUS River . s,“,jh
BTATE OF LONNECTIELT reoe  Flate Ofrder = e 5 S T T LT __266“'
SRIDGE INSPECTION REPQRT AR ECT IO MADE B _____'n'h.‘lt. & D'imato BATL 9)1/67
i
OSSERVYAYIONS
CONZRITL STALCTLRES TIMBEN SYRLCT R(T i
WATCAARY PENS AND A, TMENTS IND FLCOAS STELL TONSTRUCTION ANS T 00N
wdl JuilY T' VNOIAMINING CRACu:ND _,.._a CONDITION OF PaINT ___ L R wian l‘
Houm BTTLENMENT L, I CalUNG )— CORROLON er¢ay ‘
OSITIRCIONS . . __ ) [{MACKING (1 DISIRTLGRATION I‘ [EPANSON JOINYS ] $TROCTURL, DEFLCTY__ .
UNDERGAROWTH _____‘_,[_‘ CiSINTEGRATION EAPANSION JOINTY I marinece LTSN INAY
Crawnbs $mBTinG L Jotcay imivare, EALNGS ________.I‘,_ §HOLS FLOOR CARINICE . .
OTHEA FEATUREY ‘____ POINTING MARONAY WATERPRDOFING __ _54 FLOON DRAINAGE OTmIm DRFECYS . .
— Ut QLTS FLOOR DRAINAGE ___li [ 132 41 .-
Piil FOUNDATIONS CTHLA DRFLCTS CYREA DLAECTS Jl.
$:0fwa xs $iDEWE KT S Ofwans b

WA AR VE OBSEAVATIONS FOR EAlH PARTOF STALTURL AND ROTE WiV M () MARK TOsNDICATE Ca OR ANONE 200 TdME AEEL NS LAPLANET ¢
WARK WiTH A CACLE . Tx & N_WELR IASEATIO TO AEFERN TO THE CORRESPINOING AEMARNSE LISTLOD BILOW AMPLPY 08 SECOND E-ILY aNC ¢
C.Dl S il mEs wmlh HELELYANY

REMARKS
IVES BRC s ARDAY AN EA SPRLS e gm B R pt Bwthdnt At 1A Lhwte 4 N Gt S RON PO BT}
it 1958
1, Hret & second girder pads sust shutneat south aod crecked completaly
thru at anchor bolts, aress each b #q. £t. 10" deep, Damage resvit of
previcous pavemant thrust, Both girdere breced vwith steel piling.

2+ Heary tranaverse cracking &n (3) spans over river.

3. Eastdound detk has scaling (11 Qe £3: 1 to 21° deep.

Westbound deck has scaling 55 eq. ft. 1" to Li* dug. North curd his sealing

15 1.fs 1% to 2% deep, South cardb bas scaling 20 1., 17 ¢to L™ desp. Popouts

i.l: ::lw dack 60 8q. fi. 1" to 4* deeps Topouts £n eantbound deck LO #q. f%,
P

L+ South parspet has dlsintegration $ 1,f, 2* deep, Center median has
disintegration L0 sq. ft, 2" to h* decp.

S+ Deck Jointe meed sealing approx. X0 1.f,
6. (30) dacit basirs plugpeds,

Te Rallings very rusty ~ 5,3R 1.0, beams have 2ight Lo uediom rust.
Center median flex bean ndeds painting 1265 1.8, 25 ).f. on EN oide is beat.
8. Expansion Jolnt tvoughs are $1led with sand, 25 of trough is dutnt over

ggg.;g. 'f‘rmt -ﬂf'zt'ﬁﬂ“a 03'. ofﬂ. e‘mn ca cecter vall aissing Total {))

&

(n {ou

MAINTENANCE RECOMMENDATIONS

Ne Dase: gt vt hg 81 g Dres

W Poyprie e Qun- ey
-

D £-n~mtm o0 1dst "K* of diddge »ri"l, progrea for mpalr by contract
1961469,

None

-
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_2.wearing Surfaze |,. | 4l S f =L T L= < h?L-fG':: e X
3. doints = bxy, 7271 " Tl ) e o ot g Fingd : Z,_ LS5l - L SE
N ~ Fixed _ luf = ﬁ_,' - _ 0
9+ _.___ = Const, A T & .
- = longl. {T‘JJ' L L E L LA _ Y L A A
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13, Paint RIS f‘_,» 25 LS 2 i ) A ST~ )
llil » — "3
d H 3 \’ “: P -
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Y 1
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L. faint NPT 7778 73, <% W2 o ot
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Gy = fazed Ty _—
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APPENDIX B

NATIONAL BRIDGE INSPECTION STANDARDS
T 23 CFR PART €50
SUBPART C

Subpart C—National Mridge
nspection $tondards

Sovace. 58 FR 7851, Apr. 27, 1071, unless
olherwiie noted. Redesignatad at 313 FR
10430, Mur. 29, 1974, ,

§ 850301 Application of standards.

The National Bridge Inspection
Standards ir. this part apply to sl)
structures deilned as bridges located
on all public roads. In acordance with
the AABHTO (American Association
of 8late Highway and Transportstion
Officials) Highway Lefinitions
Manual, & “bridge” is defincd as a
structure Including supports ervected
over A depression or an obstruction,
such a3 water, highway, or rallway,
and baving a track or passagewsy for
carrying traffic o> cther moving loads,
and having an opening messured
along the center of the roadway of
more than 20 fe:t between undercop-
ings of abutmerts or apring lines of
arches, or extreme ends of openings
for multiple boxes: it may also inciude
muitiple pipes, where the clear dis.
tance between openings is jess than
half of the smaller contiguous open-
ing.

(33 UB.C. 104, 116(d), 313; 49 U.B.C. 1885; 23
CFR 1.48(b))

(44 FR $5435, My 1, 1979)

§650.30 Inipection procedures.

(8} Exch highway department shati
include a bridge inspection Organize.
tion capable of performing Inspsc-
tions, preparing reports, and determin.
Ing reiings In scordance with the pro-
visions of the AASHTO Manuel ' and
the 8tandards contained herein.

el A

'*The “AABHTO Manual” referred to in
this part is the "Manual for Maintenance
Inspection of Bridgen 1978 published by
the American Associatisn of Blate Highway
and Tranaportation Off.~lals. A copy of the
Manual may be examined during normal
busineas hours at the oftice of each Divislon
Administrator of the Federal Highway Ad.
ministeation, at the office of eath Regional
Federal Highway Adminlstrator, end at the
Washington Headquaiters of the Federal
Highwiy Administration. The sddreszes of
those document insepetion facllities are get
farth in Appendix D to Part T of the regula.
tions of the Office of the 8ecretary (490 CFR
Part 7). In addition, a oopy of the Manusl

(b) Bridge inspectors shall meet the
minimum quslifications stated in
§ 650.207.

(¢) Eacn structure required to be In-
spected under Lhe Standards shail be
rated as to {ts safe load CArrying capac.
ity in accordance with sacticn 4 of the
AASHTO Manva). 1f it ‘s determined
under this rating procedure that the
mex/mun: legal load under State Jaw
exceds the load permitted under tlie
Operating Rating, the dridge must be
posted In conform'ty wilh the
AABHTO Masanual c¢r in accordance
with Btate law, _

{d) Inspection records and bridge in-
ventories shall be prepared and main-
talned tn accordance with the Stand-
Arda,

(N ULC. 144, 116(d), 3135: 49 U.S.C. 1885: 23
CFR 14800

(33 FR 764, Apr. 27, 1971, Redesignated ot
39 FR 10450, Mar. 20, 1974, and mmended at
44 FR 28435, May 1, 1919}

$650.305 Fregueney of inrpections.

(8) Each buidge is to be Inspected at
regular inte:vais not to exceed 2 years
in accordance with rectlon 2.3 of the
AASHTO Msnua).

(b) The depth &nd frequincy to
which bridges are Lo be inspected wilt
depend on such faciors as age, traffic
characteristics, state of malntenance,
and known deficiencles. The evaiua.
tion of these factors wil} be the re.
apchsibility of the indlviduel in charge
of the inspection progran.

(88 FR 7881, Apr. 21, 1971, Redesignalad at
39 FR 10430, Mar. 20, 1974, and amendsd at
89 FR 20500, Aug. 18, 1074}

8€30.307 Qualificsiions of personnel.

(8) The individual {n ¢harge of the
organizational unit that has been dele.-
gated the reaponasibilities for bridge fn-
spection, reporting, and inventory
shall possess the following mintnawm
qualifications:

(1) Be a registered profossional engt.
neer; or
sy be secured upon payment §a advence
by writing to the Amerfcan Assoclation of
Btate Mighway and ‘Transportation Offi-
cials, 444 N. Capilol Btreet, NW., Sujte 208,
Whashington, D.C. 20001.
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(2) Be quallfied for regutration as a
professional enginrer under the laws
of the 8tate; or

(3) Have a minimum of 1¢ years ex-
perience in bridge fnspecticn assign
m2nts in a responsible capasity and
have corapleted a  comprehensive
training course bated on the “Bridge
Inspector’'s Tralning Manual,” * which
has een developed by a joint Federal-
State task force,

(b} An individual In charge of a
bridge :~spection team shall possess
the fouuwing minimam guallfications:

(1) Have the qualilications specitied
in paragraph (a) of tiis section: or

(2) Have a minimum of § years ¢xpe-
rHence in bridye {inspection assign-
ments in a responsible capacity and
have compleied o comprelientive
treining course based on the "Bridge
Inspector's Training Manual,” which
has been developed by » joint Federal-
Btate task fores.

(23 UB.C. 144, 116:d), 315: 49 'U.8.C. 1658; 23
CFR [.A%&b))

(33 FR T¢81, Apr. 27, 1971. Redesignated at
3% FR 10430, Mar. 30, 1974, and amended at
44 FR 20438, May 1, 1070}

652,309 Inapection: vepert.

The findings and resuits ot briage
inapections shall be recorded on stand.
erd forms. The data required to com-
plete the formx snd the 1unctions
which must be perfcrined to complle
the data are conta/ned in section 8 o!
the AABHTO Manual,

139 FR 264900, Aug. 14, 1974)

0830.311 Invertory.

(1) Each Etate shall prepare and
maintaln an inv:ntory of all bridge
siructures subject to the Standards.
Under thes2 Standsrds, certaln strue-
ture Inventory end aprralsal date
must be oollected sand retatined within
the various departments ol the State
organt:stion for collection by the Fed-
sral  Highway Adminiatration s
needed. A tabulation of this data is
contained (n the structure fnventory
end appraisal sheet distributed by the
Federal Highway Administration s

'The “Bridgs Llnapecior's Training
Manual” midy b2 purchased from the Super-
intendent of Documents, U.8. Government
Printing Olfice, Washington, D.C. 20403.

part of the Recording and Coding
QGulde for the Structure Inventory and
Appraisal of the Naiion's Bridgea
{Coding QGuide) in January of 1979,
Reporting procedures have been devel-
oped by the Fedeial Highway Admin-
istration.

(b) Al bridges aubject to these
Standards chall ba {nventoried by De-
cember 31, 1980, as required by section
124(2), and (¢) of the Surface Trans-
portation Asststance Act of 1978,
Newly completed atructures or any
moditication of exlating structures
which would alter previously recorded
data on tho Inventory formns shall be

¢ntered in the State’s records within
00 days.

(33 US.C. 144, 11X4), 215; 40 UB.C, 1855 23
CPFR 148%))

(44 FR 20438, May 1, 1979)

APPENDIX R
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