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1. INTRODUCTION

Bridge decks are an important pat of Michigan's trangportation system. They carry
traffic over rivers and highways, and they protect the load carrying components of the
bridge beneath them. Many of Michigan's bridges were built in 1950's and 1960's, and
their decks are now in need of rehabilitation or replacement. Often, the first component of
a bridge to deteriorate is the bridge deck, since it is directly exposed to the environment,
traffic loads, and deicing sdts. The overwhdming mgority of Michigan's bridge decks
are reinforced concrete dabs on girders. In order to best dlocate the States resources and
funds, bridge engineers and inspectors need to be able to correctly evauate and predict
the remaining life of bridge decks. With this undersanding, the objective of this report is

to provide aguide for evaluating bridge decks.

This report was developed under the research project titled: “Development of a Procedure
for Efficent Evauaion of Bridge Decks’. During this research, the degradation process
ongoing in bridge decks due to service time was andyzed. Andyss was based on
ingpection of many bridge decks, review of data from the Bridge Inventory Database, and
finite dement modding. For the finite eement modds, parameters influendng
deterioration of concrete deck dabs were investigated and included in degradation and

failure scenarios.

Many of the tools bridge engineers and inspectors need to be familiar with are ether
shown in this report, or they are referenced. This report is to be used as a supportive
document to the many guiddines and gpecifications either developed or recognized by
MDOT (Michigan Depatment of Trangportation), such as the FHWA's Bridge
Ingpectors Training Manua/90, NHI course 13055, “Safety Inspection of In-Service
Bridges’, MDOT’s PONTIS Bridge Inspection Manua, Michigan's Structura Inventory
database, and Michigan' s Bridge Repair Matrix.



2. BRIDGE DECKSIN MICHIGAN —A HISTORICAL PERSPECTIVE

The information about changes in the MDOT Bridge Desgn Manud, which were made
in the last 25 years can be helpful in field ingpections, evauation of the deck deterioration
level, and to better understand degradation processes in the sructure. The design of
concrete dabs has been peformed according to the Michigan Department of
Trangportation Bridge Desgn Manud. Over the years, the Manua has been changed to
include specid provisons amed a prevention of early deterioration of reinforced
concrete. Each important change related to concrete deck dab in bridges was recorded in
an Informaional Memorandum issued by the Engineer of Dedgn. They are summarized
below in a chronologica order.

The oldest existing concrete bridge decks in Michigan were congtructed in 1920's using
square reinforcing bars and concrete with f'¢ of about 10 MPa. The sguare bars were
replaced with round barsin 1930's, and then deformed barsin 1940's.

In 1964, for bridge decks incorporating continuous sted beams, it was recommended to
take advantage of composite action in the positive moment area.

In 1967, it was decided to use reinforcing steel based on 20 ks (140 MPa).

In 1967, it was required to use boiled linseed ail as a protective treatment on al concrete
surfaces on the bridge deck between the fascia lines. In 1989 it was decided stop using
this protective treatment.

Other changes were related to concrete. Since November 1980, latex overlays were used
on some new bridge decks. In 1972, it was decided to apply an additiond 0.5 of
concrete cover over the top reinforcing sted of bridge decks. In December 1975, a clear
cover over the top mat of reinforcement was increased to three inches (75mm), and 1.5

(37mm) for the lower mat.



A mgor factor in the development of Michigan bridge decks was the introduction of
epoxy coated reinforcing bars. Starting in 1975, it was required to use the epoxy coated
reinforcement in the top mat of al bridge decks. In generd, prior to tha year only
uncoated bars were used in bridge decks. The next change in the Bridge Design Manud
made in April 1980, directed to use epoxy coated reinforcement in the traffic facing sde
of the traffic barrier. Later the same year, the use of epoxy coated bars was extended to
the top and kottom mats of al bridge decks, and from December 1980 al superstructure
reinforcing sted had to be epoxy coated for corroson protection.

Sating in 1980, a “sandwich” condruction was pecified, with 1.5” (38mm) concrete
plus 15" (38mm) modified latex concrete, for dructures carrying freeways over an
obstruction and freeways in urban aeass with ADT exceeding 1,000 vehicles.
“Monoalithic’ congruction with 3-inch (75mm) concrete cover was specified for freeways
in rurd aress. In 1983, two stage condruction with latex concrete was discontinued,
except of bridgesin metropolitan areas with ADT’ s exceeding 50,000.

In 1989, it was decided to make bridge spans continuous wherever possible, to reduce the
number of deck joints.

In 1996, it was required to pour al bridge decks at night.

In 1997, a specid provison was added dlowing the option of usng dlica fume
(microsilica) concrete or latex modified concrete on bridge overlay projects.



3. FORMSOF DECK DETERIORATION

Concrete decks are subject to deterioration, which may lead to premature need for repair
or replacement. Many different factors influence the condition of a bridge deck. The main
causes of deterioration include:

poor materia properties (concrete mix) resulting in lower materid durability,
shrinkage, scaling and other problems,

inadequate pouring procedures (lack of congtruction joints),

inadequate curing (moisture conditions),

freeze and thaw cycles,

truck load spectra (axle loads and groups of axles),

corrosion of reinforcement,

fatigue and degradation of sted and concrete due to repeated cycles of
Srain/stress.

The ACI Manua of Concrete Practice, Part 1, Ch.3, ACI 201.1R-98, Guide for Making a
Condition Survey of Concrete in Service, gives definitions for kinds of digress
menifedtations to hep dandardize the reporting of the condition of concrete. Short
definitions of various types of didress are given a the beginning of the next chapters,
which describe the defects and degradation processes that occur on Michigan's bridge
decks.

The mgor forms of deterioration include cracking of concrete, spaling, potholes,

delamination, carbonation, corroson of reinforcing sted, and destruction of deck joints.



3.1 Cracks

Definitions

Carbonation of concrete — A reaction, which occurs in concrete exposed to carbon

dioxide, and that produces carbonates. This process is accompanied by shrinkage.

Crack — A complete or incomplete separation of concrete into two or more parts
produced by breaking or fracturing.

Craze cracks — Fine random cracks or fissures in the surface of mortar or concrete,
Figures 3-1, 3-2.

Diagonal crack — In a flexurd member, an inclined crack caused by shear dtress, usudly
inclined at about 45 degrees to the vertical axis, or a crack in a dab, not pardld to ether
the laterd or longitudina directions, Figures 3-12, 3-13, 3-14..

Pattern cracking (Map cracking) — Cracking in the concrete in the form of a pattern;
resulting from a decrease in volume of the materid near the surface increese in volume
of the material below the surface, or both, Figures 3-3, 3-4.

Shrinkage cracking — Cracking of a dructure or member due to failure in tenson caused
by extend or interna redraints as reduction in moisture content develops, or as
carbonation occurs, or both, Figure 3-5. Plastic shrinkage cracks occur when the rate of
evaporation exceeds the rate of concrete bleeding in fresh concrete (which has not started

to harden).

Temperature cracking - Cracking due to tendle falure, caused by a temperature gradient
in members subjected to externa redraints or by a temperature differentia in members
subjected to internd restraints.



Transverse cracks — Cracks that develop a right angles to the long direction of a
member, FHgures 3-9, 3-10, 3-11.

Longitudinal cracks — Cracks that develop pardld to the long direction of a member,
Figures 3-6, 3-7, 3-8.

Obsarvations;

Transverse Cracks

Transverse cracks are the most commonly occurring type of crack. They can be initiated
soon after the deck is congtructed due to restrained shrinkage (NCHRP Report 380). In
generd, the parameters which influence the initiation of transverse cracks can be related
gther to the dructure or to materids. The cracks occur when the longitudind tensle
stress exceeds the concrete modulus of rupture. Girder type, girder spacing and support
conditions influence the occurrence of transverse cracks and the distance between them.
Other varidbles which affect transverse cracks are. continuous spans, girder siffness,
thickness of the dab, concrete shrinkage characteridtics, concrete modulus of dadticity,
and temperature history at deck placement. Transverse cracks often continue across the
full width of the deck.

It has been observed that smdler size reinforcing bars and a smdler spacing between
them decreases transverse cracking. In continuous-span bridges, the middle spans usudly
have more transverse cracks, this may be caused by the increased Hiffness of girdersin

interior gpans

Traffic load can aso cause transverse cracks. For some bridge geometric configurations
(short span and large width) and load pogtions (heavy trucks in one lane), fidd
measurements have shown tha tendle dress can occur in the longitudind direction a the
top of the dab (in the unloaded lane area). The transverse crack dtarts at the edge of the



dab and extends to the middle of the lane. It is bdieved that these cracks are caused by
the trucks, because shrinkage cracks typically extend through the full width of the deck.

Longitudina Cracks

Longitudina cracks which run pardld to the girders occur most often in box girder
bridges, dong the longitudind joints between boxes. Their occurrence is due to a nor:
uniform movement of the girders (the “piano effect”, which occurs without transverse
ties). In the case of sted girders, the longitudina cracks can be caused by forces induced
by the digphragms, depending on the type of diagphragm, spacing, and connection to the
girders and dab. It is bdieved that the occurrence of longitudina cracks can be dso
related to the arching action in the dab.

Diagond cracks

Diagond cracks (at the angle to the axis of the dab) occur on skewed bridges in the
corners, on the top of the deck and close to the dab’'s congtruction joints. They are caused
by additional stresses due to torsion in the skewed dabs.

Pattern Cracks (Map Cracking)

Pettern cracks are oriented in random directions. They appear on the surface of the
concrete in different sze: fine, medium or large. They can be caused by volume changes

in concrete and influence of ambient conditions (temperature and pollution).

Map cracks (smdl cracks oriented in different directions) ae most likely caused by a
combination of freeze and thaw cycles and the sted corrosion process, which can destroy
the concrete cover from indde. This is a very complex phenomenon. The localy wesker
concrete (more porous) alows water to penetrate to the sted rebars and to freeze. The

cydlic live load will dso have a more vishle effect on the wesker and less dense concrete



in that part of the deck. The random pattern of map cracks confirms the heterogeneity of
the concrete.

In generd, the carbonation process in concrete depends on time and the amount of carbon
dioxide in the air. Carbonation may result in deterioration and a decrease in the pH of the
cement paste, which leads to corrosion of reinforcement near the surface. Exposure to
carbon dioxide during the hardening process may affect the finished surface of the dab,
leaving a oft, dudting, less wear-resistant surface. Such a porous surface can be subject
to further chemical atack by deicing sdlt.

A vishble sgn of the carbonation process is pattern cracking on the deck surface, caused
by dkdi-carbonate reaction.

Figure 3-1. Craze cracks (top of the deck)



Figure 3-2. Pattern cracks (bottom of the deck)

Figure 3-3. Pattern cracks (large)
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Fgure 3-4. Pattern cracking (large)

Figure 3-5. Shrinkage cracks
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Fgure 3-6. Longitudind cracks (top of the deck)

T e

Figure 3-7. Longitudinal crack (bottom of the deck)



Figure 3-8. Longitudina crack (bottom of the deck)

Fgure 3-9. Transversal cracks
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Figure 3-10. Transverse cracks, caused by restraint shrinkage

Figure 3-11. Transverse cracks (bottom of the deck), caused by restraint shrinkage
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Figure 3-12. Diagonal crack close to support (bottom of the deck)

Fgure 3-13. Diagonal crack close to support (bottom of the deck)
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Figure 3-14. Diagona crack closeto joint (bottom of the deck)
3.2 Delamination
Ddfinitions.
Delamination — A separation adong a plane pardld to a surface as in the separation of a
coating from a subdtrate or the layers of a coating from each other, Figures 3-15, 3-16, 3
17..
Observetions:
In Michigan, bridge decks have been overlaid with latex modified concrete snce 1980. In
1994, dlica fume modified concrete was gpproved as an dternate materid for bridge

deck overlays. In decks with overlays, ddamination is the most common form of
deterioration. It can be described as a loss of bonding between the old part of deck and a
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new overlay. Delamination between the two layers can cause cracks to form in the new
overlay layer under traffic loads. After the process of cracking is initisted, the materid is
crushed and potholes nay occur in the last stage of damage. These holes are usudly as
deep as the overlay. Delamination can be aso caused by the corrosion of the upper dab

reinforcement.

P

Figure 3-15. Delamination



Figure 3-17. Delamination
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3.3 Potholes

Definitions

Disintegration — Reduction into smdl fragments and subsequently into particles, Figure
3-18.

Blistering — The irregular rasing of a thin byer, frequently 25 to 300 mm in diameter, at
the surface of placed mortar or concrete during or soon after completion of the finishing
operation; bligering is usudly attributed to early clogng of the suface and may be
aggravated by cool temperatures, Figures 3-19, 3-20.

Observetions:

There are severd different types of potholes. They can be located in decks of reatively
good condition, where there are no cracks and the surface qudlity is good. Potholes are
also often observed on decks with a &tex layer on top, Figures 3-23, 3-24. Because of
likely ddamination between the concrete dab and latex, the locally cracked upper part of
the deck can be disconnected from the bottom dab and crushed by truck whedls. Such
potholes usudly have sharp edges perpendicular to the hole bottom.

Other potholes may dtart with blistering and be caused by locd erosion of materia. Often
they are located on the line of a bigger crack, Figure 3-21. Prior to hole formation, the top
reinforcement cover is cracked and disintegrated in many places by a complex influence
of weether, corroson and fatigue load cycles. Then, this highly cracked pat of the
materid is eadly crushed by truck wheds. These holes are irregular in shape, different in
depth, and in some cases the top reinforcement is exposed through the hole.

Generdly, the occurrence of potholes appears to be random, but it is possible to find
some regularity. They are typicadly located in lanes which ae most exposed to traffic,
and quite often in the path of trucks wheds, Figure 3-22. This location indicates the
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influence of treffic load, which may cause additiond damage in places of loca weskness

(some transverse cracks or wesker concrete).

Figure 3-18. Didintegration

Figure 3-19. Bligering
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Figure 3-20. Bligering

Figure 3-21. Potholes with loca erosion of materia, located on the line of bigger crack
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Figure 3-22. Potholes following pattern of whedls

Figure 3-23. Potholesin latex overlay
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Figure 3-24. Potholes in latex overlay

3.4 Corrosion of Reinfor cement

Definitions

Corrosion — Dedruction of meta by chemicd, eectrochemica, or eectrolytic reaction
with its environment.

Obsarvations:

Concrete decks are reinforced with sted bars, which are placed to resst tensle stresses.
These bars are basicadly round in cross section with lugs or deformations rolled into the
surface to create mechanica bond between the bars and the concrete. To properly
evduate any cracks in the deck caused by corroson of the reinforcing ded, it is
necessary to identify the direction of the primary bars. The support points on a multi-
beam bridge are pardld with the direction of traffic. Therefore, the primary deck
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reinforcement is pependicular to the traffic direction. Because the corrodon of
reinforcing sted can be an important factor in deck deterioration, Michigan began usng
epoxy coated rebars in 1980's. In older bridge decks, the reinforcing sted can be without
protection.

The corroson of sted bars has a dud negative influence on the deck condition. First, the
corroded part of the bar destroys the bond between the reinforcement and concrete and
increases concrete  volume, which causes ddamination and crack enlargement. The
decreased section of the reinforcing stedd can aso decrease the capacity and giffness of
the section. An advanced corrosion process may destroy the concrete cover and expose

reinforcing bars to the surface.

3.5 Destruction of Deck Joints

Obsarvations,

The primary function of the deck joint is to accommodate the expansion and contraction
of the deck. It dso seds the deck sections, and provides a smooth trangtion from the
gpproach roadway to the bridge deck. To evduate its proper functioning, it is necessary
to identify the types of deck joints.

Prior to 1972, the principle bridge deck expanson joint system used in Michigan was the
diding metd plate joint. The mgor problem with this type of sysem was that the
avalable sedants were not cgpable of providing a seded joint for the movement ranges
normaly encountered in most structures. From 1972 to 1978 the mgority of expanson
joint devices ingdled in Michigan were metd-reinforced elastomeric pad sysems. This
type of sysem was an improvement over the diding metd plate joint but it too had its
limitations. The one-piece stedl reinforced pads were bolted into a block on both sides of
the joint. Each pad section was 1.2 m long. Eventudly these joints began to lesk between
the pad sections and between the pad and the concrete seat. From 1978 to 1985 a new
type of pad system was developed. These pad systems used either neoprene or auminum
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pads to hold down a continuous neoprene gland. The 1.2 m — 1.8 m pads were bolted
down on top of the gland. The threaded bolts were cast into the concrete or a hole was
drilled and the bolts were epoxied in. The downfdl of these systems was that they did not
accommodate the impact from snowplow blades. This would eventudly cause the anchor
bolts to loosen and the joints to leak. Sometimes the pads could be totally destroyed or

removed by the snowplows.

From 1985 to the present the primary expansion joint used in Michigan is the srip sedl.
The drip sed sysems consst of full-length sted rails with welded sted anchorage pegs
that are cast directly into the concrete. The rals have a C — shaped groove milled into
their inner edge to connect to the continuous neoprene sed on both sdes of the joint. If

these systems are ingtdled properly, they rardly leak.

Problems with deck joints, which can be detected during an ingpection, are;

0 debris lodged in the joint may prevent norma expansion and contraction,
causng cracking in the deck,

o thejoint sed might be torn, pulled out of the anchorage, or even gone,

o if the new wearing surface is added with no regard to the joints, the
transverse cracks in the overlay become the only evidence of the joint,
while joint function is severdy impaired,

o if the deck is not curved, the joint opening should be pardld across the
deck; otherwise, it can indicate a disconnection between the join pad or
rail and the concrete dab,

0 both gdes of the joint should be a the same levd with no verticd
displacement between the two; otherwise, the impact from wheds can

crush the concrete close to joint.

Examples of destruction closeto deck joint are presented in Figures 3-25, 3-26 and 3-27.
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Figure 3-25. Dedtruction of joint

Fgure 3-26. Degtruction close to joint



Figure 3-27. Degtruction closeto joint
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4. DETERIORATION SCENARIOS

4.1 General Scenarios

The maor parameters which affect deterioration of concrete bridge decks in Michigan
include qudity of concrete, traffic loads (weights, volume, pattern), weather (freeze and
thaw cycles) and use of decing agents. Quality of concrete depends on the mix
(water/cement ratio) and curing conditions (temperature, humidity). In most cases, the
initiation of the deterioration process is facilitated by shrinkage cracks (perpendicular to
girders). Then, freeze and thaw cycles cause growth of cracks, which eventualy may
lead to corroson of reinforcement. Cracked concrete is subjected to pounding forces
induced by heavy trucks, causng bresking and crushing of the dab. It is clear tha
presence of heavy trucks is an essential factor in the deterioration process. Quite often,
the pattern of potholes follows the traffic pettern (truck whed lines). However, trucks
done are not sufficient to cause damage to the bridge deck. The triggering factor is
concrete qudity (shrinkage).

In traditional concrete overlays, the deterioration starts through shrinkage cracks, and it
progresses depending on the qudity of materid asfollows

Initid shrinkage cracks occur due to poor qudity of the concrete mix, and/or poor
pouring/curing conditions

Once initiated, the freeze and thaw cycles enlarge cracks

This may cause the corroson of upper dab reinforcement what may in turn lead
to more extensve cracks and delamination

Portions of the dab overlay between cracks may be more vulnerable to whed
loads (heavy trucks), resulting in a condderable stress concentration and leading
to materid crushing

Crushed materid disintegrates and large potholes may occur.



28

In decks with overlays, debonding is the mgor problem leading to delamination. A poor
connection between the overlay and deck exposes a thin layer of the overlay to large
traffic loads. Thus, cracking occurs, and pounding truck wheds crush the loosened-up
pieces. Sounding tests can be used to check if a bridge deck with an overlay is debonding.
Cracks exiging in old parts of the deck (the remaining pat of the dab, when the upper
layer isremoved) can be reflected to the surface of the new overlay.

There are many parameters which influence the deterioration process, such as pouring
conditions (temperature and humidity), ambient conditions during the sarvice life
(temperature gradients and freezefthaw cycles), live load (with its dynamic and fatigue
influences) and chemica corroson of the concrete and reinforcement. In fact, dl these
parameters can occur Smultaneoudy and they can be complementary to one another.
The resulting decrease in dab diffness not only affects its flexibility but dso live load
digribution to the girders. However, it has a small effect on the diffness of the whole
superstructure.

4.2 Analysis of the Michigan Bridge Inventory Data

Feld ingpections indicate that there is only a very weak correaion between the damage
level and the duration of savice To edablish such a reationship, continuous
observations over a longer time period are needed (at least 5 years). However, the
relationship between deck condition (rating), years of service, and ADT (Average Daily
Traffic) has been established and is based on data from the Michigan Bridge Inventory
(Deck Dad). The database includes over 100,000 entries The most important
information is the rating factor for the deck dab, ADT, and number of years of service a
the time of ingpection. Over 100 randomly selected bridges were considered

The deck rating factors are plotted versus years of service a the time of ingpection, for
four categories of ADT:
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ADT =1-200

ADT =200-1,000
ADT = 1,000-5,000
ADT = 5,000-20,000

It is clear that rating decreases with years of service and the decrease is faster for larger
ADT. To further andyze this trend, a linear regresson line was fitted for each graph for
four categories of ADT. The dope of the regresson line increases with increesing ADT.
This confirms the detrimental effect of truck load on bridge decks. Deck ratings versus
years of service for different categories of ADT are shown in Fgures 4-1, 42, 43, and
4-4. Linear regresson lines for deck rating versus years of sarvice are shown in Fgure
4-5. A polynomia (4" degree) was ao fitted to model the data. For al ADT categories
the results are shown in Figures 46, 47, 48, and 49 (with dl data points). The curve
confirms various stages of deck deterioration The steep dope for the firs 20 years
corresponds to initid shrinkage cracking followed by freezethaw cycles. The plateau,
and even dight increase of the rating corresponds to ongoing maintenance and repair of
the deck dabs. A sharp decline after 60 years corresponds to the find stage of deck dab
life, with extensive damage caused by trucks combined with freeze/thaw cycles.

The curves presented above can be used as an ad to edtimate the remaining life of the

deck under known loading condition (ADT) and years of service.
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Figure 4-1. Rating for decks based on MBID (Michigan Bridge Inventory Data) (ADT 1-
200).
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Fgure 4-2. Rating for decks based on MBID (ADT 200-1,000).
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Figure 4-3. Rating for decks based on MBID (ADT 1,000-5,000).
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Rating for Deck with ADT (5,000-20,000)
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Figure 4-4. Rating for decks based on MBID (ADT 5,000-20,000).
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Figure 4-5. Linear regresson lines for deck rating versus years of service.
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Rating for Deck with ADT (1-200)
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Figure 4-6. Nonlinear Regression curve for deck rating versus years of service
(ADT 1-200).
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Figure 4-7. Nonlinear Regression curve for deck rating versus years of service
(ADT 200-1,000).
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Rating for Deck with ADT (1,000-5,000)
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Figure 4-8. Nonlinear Regression curve for deck rating versus years of service
(ADT 1,000-5,000).
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Figure 4-9. Nonlinear Regression curve for deck rating versus years of service
(ADT 5,000-20,000).



5. EVALUATION PROCEDURES

In Michigan, aroutine ingpection of bridge decks is performed on a biannua basis.

Based on the FHWA's Bridge Inspector’'s Training Manud, to evauate the @ndition and
proper functioning of the deck, both the top and the bottom surfaces of the concrete deck
should be inspected for cracking, scding, spaling, corroding reinforcement, chloride
contamination, delamination, and the depth fallures such as potholes, crushed concrete

and deep cracks. The main locations of possible damage in concrete decks include:

aress exposed to traffic

areas exposed to drainage

bearing and shear aress, close to the supports

top of the dab over the supports

bottom of the dab between the supports

top and the bottom of the dab in negative moment regions
stay-in-place forms

expangon joints

acute corners of skewed bridge decks.

The ingpection of the concrete decks primarily includes watching for visud defects, but
hammers and chain drags can be aso used to detect and quantify areas of delamination.
In addition, core samples can be taken from the deck to determine the strength and
chloride contamination in the |aboratory. Electronic equipment can be used for checking
rebar corroson and ddlamination as well. Concrete decks which have a layer of asphdt as
the wearing surface are more difficult to inspect and evaduate.
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5.1 NBI (National Bridge Inventory)

Michigan's Structure Inventory and Appraisd Coding Guide has two inventory items for
bridge decks. The firg is item #58, which describes the overadl condition rating of the
deck. The condition raing used for this item is the NBIS Generd Condition ratings for

bridge supergtructures as shown in Table 5-1.

Table 5-1. Rating for bridge superstructure.

Code | Description

N NOT APPLICABLE

9 EXCELLENT CONDITION

8 VERY GOOD CONDITION — no problems noted.

7 GOOD CONDITION — some minor problems.

6 SATISFACTORY CONDITION - dructurd eements show some minor
deterioration.

5 FAIR CONDITION — dl primary sructurd eements are sound but may have
minor section loss, cracking, spaling or scour.

4 POOR CONDITION — advanced section loss, deterioration, spalling or scour.
SERIOUS CONDITION - loss of section, deterioration, spaling or scour have
serioudy affected primary sructurd components. Locd falures are possible
Fatigue cracksin stedl or shear cracksin concrete may be present.

2 CRITICAL CONDITION — advanced deterioration of primary dructurd
eements. Fatigue cracks in steel or shear cracks in concrete may be present or
scour may have removed substructure support. Unless closdy monitored closing
the bridge may be necessary until corrective action is taken.

1 “IMMINENT” FAILURE CONDITION — mgor deterioration or section loss
present in criticd dructurd components or obvious verticad or horizonta
movement affecting structure Stability. Bridge is dosed to traffic but corrective
action may put back in light service.

0 FAILED CONDITION — out of service — beyond corrective action.
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The second is inventory item #58A, which describes the condition of the deck surface.

Therating descriptions for this item are unique to Michigan as shown in Teble 5-2.

Table 5-2. Rating for the deck wearing surface.

Code | Description
N Not applicable
9 No noticable or noteworthy deficiencies, which affect the condition of the deck.

8 Minor (0.8 mm or 1/32") transverse crack with no gpdling, scding or
delamination.

7 Sedlable deck cracks (<1.6 mm or /16" wide), light scaling, (<6.4 mm deep).
This areaincludes repaired areas and/or areas in need of corrective action.

6 Excessve number of open cracks (1660 mm or 5 ft intervals or less) over the
entire deck. Medium scaling (6.4 mm to 13 mm or %7’ to %2’ in depth) and/or 2%
or less of the deck surface area is spaled or delaminated. This area includes
repaired areas and/or areas in need of corrective action. Deck spaling may be
limited to deck drains. Patid falures (ddaminaion, pop-ups to top mat) but no
full depth failures.

5 Excessve cracking with 2% to 10% of deck area palled or delaminated. Heavy
scding (13 mm to 26 mm or %2’ to 1’ in depth). This area includes repaired areas
and/or areas in need of corrective action. Deck deterioration is limited to cracks
and deck drains.

4 10 — 25% of deck area is spdled or deaminated. This area includes repaired areas
and/or areasin need of corrective action.

3 More than 25% of the deck area is spdled. This area includes repared areas
and/or areasin need of corrective action.

2 Emergency deck repairs required by the crews.

1 Bridge closed.

The condition of joints, expanson devices, curbs, sdewaks, parapets, fascias, bridge rall

and scuppers shell are not conddered in the overdl deck evauation, but their condition
are typicaly noted during inspection.
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5.2PONTIS

The FHWA-CdtranssAASHTO TWG developed the comprenensve BMS software
cdled Pontis Pontis helps bridge manegers to effectivdly dlocate limited funds for
maintenance repair and rehabilitation of the bridges. Pontis is an agency wide network
optimization sysem to address the improvement and maintenance needs of dl bridges.
The program has its own terminology which is unified, so dl actions required on a bridge
dde have the same meaning. The Pontis database collects dl data from the inventory and
condition updates and is the authoritative source of the datigticl data Assignment of
condition dates to a bridge dement is the Pontis method of rating an eement during a
field ingpection. Fve condition dtate designations are available, they are based on the
most common forms of deterioration for paticular dement and the anticipated activity
requirement. In Pontis, the condition description of a bridge eement is a datidicd profile
rather than a precise measurement. The Pontis BMS is not designed to accommodate a
paticular type or style of ingpection and because of it, a fidd inspection for Pontis input
only is not specific enough to identify exact dructura problems and not satisfy the
criteria for a Safety Ingpection. However, the basic Pontis BMS inspection procedures are
not different from NBIS Safety Ingpection only the documentation procedure is different.

The main festure of Pontis is its optimization capability. Optimization Models, as a part
of Pontis program are prepared to find the long-term policy, for each dement in each
environment, to minimize the long-teem mantenance funding reguirements while
keeping the dement out of risk of falure due to deterioration. Pontis provides agencies
the information they need to decide which short-term actions are most codt-effective for
the long-term policy.

Pontis Bridge Inspection Manual (PBIM) is a document prepared to help in evauation of
bridge decks. It provides Deck/Sab Elements table, where each deck or dab dement is
gpecified and has a number. To quantify each dement in a given condition sate, PBIM
describes dl concrete decks and dabs dructure eements, and five condition States

according to the combined area of distress. Smart flags like Deck Cracking (on the top of
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the deck) and Soffit Cracking (on the bottom of the deck) provide a description when
these paticular smart flags can be addressed. Deck Cracking smart flag has four
condition daes and Soffit Cracking smat flag has five condition dates Such
classfication helps to recognize the condition of the bridge decks in amore uniform way.
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6. CONCLUSIONS AND SUGGESTED ACTIONSBASED ON DECK
CONDITION STATE

6.1 Conclusions

In this guiddine, the cause and effect of deterioration of bridge decks are discussed, and
the mogt often observed types of deterioration are shown. It is seen that there are many
parameters which influence the deterioration of bridge decks. Mogt often it is not possble
to Sngle out any one parameter that is the primary cause of a deteriorating bridge deck. It
is dso seen tha the rate that bridge decks deteriorate is dependent on the ADT, with
bridges having heavier truck traffic deteriorating a a grester rate. For a typicd bridge
deck, the deck’s condition rating level drops quickly at first (from a new condition). This
is dtributed to the deveopment of ghrinkage cracking in the deck soon after it's
congruction. A typica decks condition rating, then tends to hold steady in the 5 to 7
range. With ongoing maintenance activities, deck ratings can even increase with time.
Only with a lack of maintenance activity will a deck’s condition rating decrease into poor

Or serious range.

6.2 General Recommendations

MDOT has developed a Bridge Deck Repair Matrix (see Table 6-1) to help guide bridge
engineers when making decisons on how to maintain and/or improve bridge decks. The
matrix uses a bridge deck’s NBI condition gstate, both deck top surface and underside
surface, to suggest maintenance or rehabilitation actions to be taken. It can be seen from
the matrix that there is an emphasize to maintain bridge decks when their condition Sate
ratings are gill in good condition. It is believed that these actions will increase the life of
the decks and ultimately provide cost savings.
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Table 6-1. Bridge Deck Repair Matrix

CONDITION STATE

ANTICIPATED RESULT

TONBI
Deck Deck Suggested Actions | Item#58a Item #58 Next Anticipated
Surface Underside ©) Deck Underside of Evaluation
Deficiences | Deficiences (2) Surface Deck
() NBI #58
NBI #58a
N/A N/A CSM Activies No No Change 1to8years
Change 5
©)
2% to 5% <5%, Deck patch/Seal Up by 1 pt No Change 1to 8 years
4 NBI >5 Cracks/Polymer 5
NBI =5&6 Ovly
<5%, Deck Patch Up by 1 pt No Change 1lto8years
NBI <5 Hold No No Change 3to 10 years
Change
5% to 15% N/A Hold No No Change 3to 7 years
NBI =5 Change
15%to < 5%, Deep Concrete | Up by 3 pt No Change 25t0 30 years
30% NBI >5 Overlay
NBI =4&5 5% to 30%, Shallow Concrete | Up by 2 pt No Change 10to 15 years
NBI=3,40r5 Overlay
> 30% Bituminous Cap Up by 2 pt No Change 3to5years
NBI=2o0r3
> 30% <5%,NBI >5 [ Deep Concrete No No Change 20to 25 years
NBI = Overlay Change
3&4 5% to 30%, Shallow Concrete | Upto2pt No Change 10 years
NBI=3,40r5 Overlay
Bituminous Cap Upto 2 pt No Change 3to4years
> 30%, NBI = Replace Deck NBI now NBI now 9 40 + years
20r3 9
Bituminous Cap No No Change 1to 3years
Change
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