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SECTION 400 STRUCTURE REHABILITATION AND REPAIR

401 GENERAL

The technology of bridge rehabilitation andrepair is constantly
changing. In addition,many of the defects encountered vary
frombridge to bridge requiring individual uniquesolutions.
Consequently, this section of theManual merely presents an overview
of bridgerehabilitation and some of the more commontypes of
repairs. The repairs that are discussedare all proven to be
reasonably successful andare approved by FHWA for use on
Federallyfunded projects. ODOTs Districtmaintenance teams and the
Office ofStructural Engineering are continuallyexperimenting with
new techniques, many ofwhich appear promising, but have not
yetreached a point where conclusions can bedrawn with regard to
their longevity. Untilthese products and procedures are
evaluated,they will not be included in this Manual andthey should
not be used on Federal aidprojects.

For individual members, it will be necessaryto determine whether
the best option is torepair or replace. In making this decision,
costmust be considered along with factors such astraffic
maintenance, convenience to the public,longevity of the structure,
whether the rehab islong term or short term, and the practicality
ofeither option. The Federal HighwayAdministration (FHWA) will only
participatein a structures funding, whether repair,rehabilitation
or replacement, once in any tenyear period.

Due to the variation in the types of problemsencountered, the
designer must perform an indepth inspection of the structure to
identifythe defects that exist, and develop a solutionwhich is
unique to the problems found. Thisfield inspection should include
colorphotographs and sketches showing pertinentdetails and field
verified dimensions.

It is imperative that an in depth, hands on,inspection of
bridges be made, by the designagency preparing the repair or rehab
plans, todetermine the extent of structural steel andconcrete
repairs. This inspection must bemade concurrent with plan
development.Large quantity and cost overruns result whenthis
inspection is not adequately performedresulting in substantial
delays to completion ofthe project.

All pertinent dimensions which can bephysically seen must be
field verified or fieldmeasured by the designer and
incorporatedinto the plans. It is not permissible to takedimensions
directly from old plans withoutchecking them in the field because
deviationsfrom plans are common. Every attempt mustbe made to
prepare plans which reflect theactual conditions in the field.
However, it isrecognized that uncertainties may exist.Consequently,
note [42] found in Section 600of the Manual should be included in
the planswith the understanding that the designer is still
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responsible for making a conscientious effortto provide accurate
information based on fieldobservations.

Sketches of various details have beenprovided throughout this
chapter. Thesesketches are not complete nor are they to betaken as
standard details. They are offered assuggestions or ideas for the
designer to use indeveloping his or her own solutions to theunique
problems they encounter.

A bibliography has been included at the end ofthis section.
While these references containmuch information and many innovative
ideas,designers are advised to discuss untested solu-tions with the
Office of Structural Engineeringbefore completing detail plans.

402 STRUCTURAL STEEL

402.1 DAMAGE OR SECTION LOSS

It may be necessary to repair a section of asteel member that
has been damaged by rust orother means. Welded repairs are not
permittedin tension zones. Damaged sections in tensionzones
normally shall be repaired by boltingnew steel to existing steel.
The specifics of thedetails are left to the ingenuity of the
designerdue to the vast number of possible solutions.If it is
absolutely necessary to perform weldedrepairs in a tension zone,
then permission todo so must be obtained from the Office
ofStructural Engineering. The designer will beresponsible for
describing the weldingprocedures, non destructive testing
(NDT)requirements, etc. in plan notes.

Welding is permitted in compression zonesprovided the designer
ensures that thechemistry of the existing steel is such that itcan
be welded. This will require either reviewof old mill
certifications or actual sampling ofthe material for chemical
analysis. Thisdetermination must be made by the designer.Pay close
attention to American WeldingSociety (AWS) Specifications. Field
NDT ofthe welds will be required and it will benecessary to specify
the type and location ofthe NDT in the plans.

402.2 FATIGUE ANALYSIS

A fatigue analysis of any existing steelmembers to be re-used or
rehabilitated is re-quired. It shall be performed in accordancewith
the method presented in the latest editionof the "AASHTO Guide
Specifications forFatigue Evaluation of Existing Steel
Bridges"(which gives a remaining fatigue life) and themethod
presented in the current "StandardSpecifications for Highway
Bridges" (which isbased on allowable stress range). Neither ofthese
methods produces absolute results.Rather they are useful as
indicators of therelative severity of the fatigue detail. So
theyshould both be evaluated along with any otherpertinent
information which could help inreaching a conclusion.

A fatigue analysis submittal shall be made tothe Department, at
the preliminary designstage, for final determination as to whether
themembers require fatigue related upgrading.
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If the submission is made directly to theDepartment, any
involved review consultantshall receive a copy of the transmittal
letter.The Departments comments shall be directedthrough the review
consultant, if any.

The fatigue submittal shall include thefollowing:

Method A AASHTO Guide Specificationsfor Fatigue Evaluation of
ExistingSteel Bridges

A table showing:

Remaining safe and mean fatigue life

Moments and stress ranges at each detailand location being
evaluated.

A list of assumptions and input values usedfor each detail and
location being evaluatedincluding:

Live load distribution factor

Wheel and axle spacings of the fatiguetruck used as defined in
the guidespecification.

Section properties at the detail andlocation and a narrative
stating whetherthose section properties are composite
ornon-composite.

ADTT, "Ta", growth rate "g" and presentage of structure in
years.

impact percentage (10%)

Calculated reliability factor "Rs", basicreliability factor
"RS0", "FS1", "FS2", "FS3"

Method B Current Standard AASHTOspecifications for fatigue

A table showing:

Remaining safe and mean fatigue life

Moments and stress ranges at each detailand location being
evaluated.

A list of assumptions and input values usedfor each detail and
location being evaluatedincluding:

Live load distribution factor, axle; (S (inmm)/2134 mm)

Fatigue vehicle used (MS18)

Section properties at the detail andlocation and a narrative
stating whetherthose section properties are composite
ornon-composite.

402.3 FATIGUE RETROFIT

402.3.1 END BOLTED COVERPLATES

When the fatigue category of welded coverplate ends or welded
flange and web splicesare to be upgraded, bolted splice plates
shallbe provided. The bolted plates shall bedesigned to carry the
total loads (MS18) at thepoint of transfer. AASHTO, in the
1997interim and commentary, presents a designexample for end bolted
cover plates.
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402.3.2 BOX GIRDER PIER CAPS

Often box girders were constructed using non-continuous back-up
bars which were stitchwelded in place. The discontinuity in
theback-up bar is of major concern since it actslike a crack in the
member and is the source ofcrack propagation into the flange or
web. Onepossible solution is to drill a horizontal holethrough the
web and back-up bar at the pointsof discontinuity. See Figure 401 -
Page 4-5 fora sample detail. The stitch welds may or maynot be a
problem depending on the stressranges at their location.

402.3.3 MISCELLANEOUS FATIGUERETROFITS

Various retrofits have been used for fatigueprone details such
as small web gaps whichresult in stress concentration and
subsequentcracking, intersecting welds, lateralconnection plates,
longitudinal stiffeners,cracks and many others. The Office
ofStructural Engineering may be contacted forassistance in
determining the best retrofit forspecific details.

402.4 STRENGTH ANALYSIS

The 125 percent Beta Factor required inSection 302.4.1 of the
Manual shall not beapplied when analyzing existing members
forstrength.

In analyzing the strength of existing memberswhich are to
receive a new deck, a futurewearing surface (2.87 kPa) shall be
includedin the dead load.

402.5 STRENGTHENING OFSTRUCTURAL STEELMEMBERS

Welded stud shear connectors shall beinstalled full length on
all steel beam or girderbridges in which the deck is being
removedand replaced. The stud spacing shall bedesigned in
accordance with AASHTOSection 10.38.5.

Bolted cover plates in tension zones or fieldwelded cover plates
in compression zones canbe used to increase strength. Field welding
isto be performed in strict compliance withAWS Specifications.
Field NDT of the weldswill be required and it will be necessary
tospecify the type and location of testing in theplans. Also,
practicality of field welding mustbe evaluated. Overhead welding is
notpractical.

Consider jacking the stringers to relievestresses prior to
installing cover plates. In thismanner the cover plates will carry
dead loadand live load stresses. If the plates areinstalled without
relieving the stresses, theywill carry live load only. This is
merely asuggestion as to how extra strength might beobtained if it
is needed.

Other methods of increasing the strength areto attach angles or
structural shapes to the webor flanges. The possibilities are
numerous andmust be left to the ingenuity of the designer.However,
the designer must remember to paystrict attention to practicality
as well asstrength and fatigue requirements. Reviewunusual details
with the Office of StructuralEngineering before proceeding.
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When retrofitting or repairing truss members,the designer must
remember to provide fortemporary support where needed. Many
trussmembers are non-redundant, and theirremoval could result in
the collapse of thestructure.

402.6 TRIMMING BEAM ENDS

Trimming of beam ends is sometimesnecessary due to tilting of
the abutment andclosure of the end dam. A detail (plan andelevation
view) showing where the beam is tobe cut is required. Also provide
pertinentnotes and include the work with item 513/863"Trimming of
Beam Ends" for payment. Payattention to the clearance to the end
crossframes and detail their removal andreplacement if
necessary.

In lieu of trimming the beam ends, considermodifying the
backwall if backwall removaland replacement is being performed as
part ofthe work. Modifying the backwall would be aviable option if
it were necessary to removeand replace the end cross frames as a
result oftrimming the beam ends.

402.7 HEAT STRAIGHTENING

Beams or girders that have been struck bytrucks or bent by other
causes can often berepaired by heat straightening only, or
incombination with field welding to install newsections for the
damaged steel memberportions. An assessment by the District
BridgeEngineer or other ODOT representative with

experience in heat straightening must be madeas to the
practicality of this type of repairbefore proceeding. If heat
straightening isdeemed to be practical, a proposal note isavailable
which describes and controls theoperation. If field welding is
required notesshould be added detailing the inspectionrequired to
assure a quality weld. Planrequirements are to provide a pay
quantity anda detail showing the location of the repair.

402.8 HINGE ASSEMBLIES

Consideration should be given to removinghinges and making the
members continuous.

If the hinge cannot be removed, considerationshould be given to
the need of providingredundancy in the event of a hinge
failure.Figure 402 - Page 4-7 and Figure 403 - Page4-8 show a
method for consideration.

Contact the Office of Structural Engineering ifa pin and hanger
assembly is to berehabilitated. Lubrication and
nondestructivetesting will be required.

402.9 BOLTS

Bolts should conform in general to Section300 of the Manual.
However oversize orslotted holes, designed in accordance withAASHTO
Section 10.24, are permitted inrepair or rehabilitation work.
Oversize orslotted holes may be desirable in someremedial
applications especially where the fitof repair or replacement
members or partsbecomes tedious. These connections shall stillbe
designed as slip critical.
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The plans should state the specificrequirements for the holes
and necessarywashers since all CMS requirements are forstandard
size holes.

The use of breakaway fasteners such as Huckbolts are acceptable
when clearance problemsarise. Remember that two or more bolt
manu-facturers must be specified in order to satisfyFHWA
requirements. Also, bear in mind thatthe installation
specifications in the CMS dealstrictly with the installation and
testing ofnormal high strength bolts. If Huck or otherbreakaway
fasteners are used, the installationspecifications must be modified
by plan note.

403 CONCRETE REPAIR/RESTO-RATION (OTHER THANDECK REPAIR)

403.1 GENERAL

Repairing concrete that is more thansuperficially damaged is
expensive andproblematic. Since many members can becompletely
replaced for less than the cost ofextensive repair, aggressive
replacement ofdeteriorated members should be pursued.Salvaging
concrete containing corrodingreinforcing steel or critically
saturatedaggregate does not often result in a longlasting component
since the substrate concreterepaired is only marginally better than
theunsound concrete removed. Any time thereare major and extensive
repairs beingproposed to concrete structures, in depth andthorough
investigation of the condition of theconcrete will be required.
This investigationmust include, but is not limited to,
handinvestigation with a chipping hammer, drillinginto unsound
concrete to determine the depth

of deterioration, and concrete cores. In thepast, the extent of
concrete deteriorationactually encountered in the field has
farexceeded the amount anticipated in the designstage on certain
projects.

403.2 PATCHING

It is the designers responsibility to evaluatethe repair areas
and determine the mostsuitable repair method.

To serve as a guide to the designer, thefollowing criteria have
been established tohelp in the patching selection evaluation.

Item 519, Patching Concrete Structures, AsPer Plan, should be
used where the repairdepth is 75 mm or greater and the surface
canbe readily formed and concrete placed. Thistype of patch is the
most durable due to itsdepth and the utilization of reinforcing
bars totie it together. Where extensive curb repair isencountered,
the patching should be paid foron a meter basis. This will require
an ItemSpecial, Patching Concrete Structure,misc.:.......... pay
item. A plan note will berequired describing the work and tying it
toCMS item 519.

Pneumatically placed mortar should generallybe used where the
repair surface cannot bereadily formed and concrete placed, where
thedepth of repair is between 25 and 150 mm,and where at least 15
m2 of repair area isinvolved.

For quantities of 15 to 35 m2 Item 520, Pneumatically Placed
Mortar,As Per Plan should be used.
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For quantities greater than 35 m2

A pay item, Item 520, Pneumatically Placed Mortar, as per plan
should be used

The "as per plan" portion of Items 519 & 520,is required as
the plans must detail thelocations of the patching
repairs.Additionally, item 519 needs a plan noterequiring the
surfaces to be patched and theexposed reinforcing steel to be
abrasivelycleaned within 24 hours of application ofpatching
material(or erection of forms if theforms would render the area
inaccessible toblasting).Note [55a]

Trowelable mortar should generally bespecified when the repair
depth is less than 40mm deep, and the repair area is less than
15m2. Trowelable mortar should also bespecified in lieu of
pneumatically placedmortar for the case where the depth of patch
isequal to or less than 75 mm and the quantity isless than 15 m2.
75 mm is the maximumdepth of patch that should be attempted
withthis type of mortar.

A pay item, Item Special Patching ConcreteStructures with
Trowelable Mortar should beused and reference should be made to
aproposal note.

The designer shall outline the areas to berepaired on the
structure and also show wherethese areas are on details in the
plans.

403.3 CRACK REPAIR

Cracks can be repaired by epoxy injection forwhich a proposal
note is available.

Location of the cracks shall be shown in theplans and marked in
the field.

404 BRIDGE DECK REPAIR

404.1 OVERLAYS ON ANOVERLAY

In no case should a new asphalt or concreteoverlay be placed
over an already presentoverlay on a bridge deck. Removal of
anyexisting overlay is required before a newoverlay is placed.

404.2 OVERLAYS

The following types of overlays may be usedin the repair of an
existing reinforced concretedeck:

1. 32 mm minimum micro-silica modifiedconcrete (MSC) per either
supplementalspecification 847 or 848. Micro-silica isstate of the
art and is recommendedbecause it provides greater
permeabilityresistance than the same thickness ofother types of
overlay materials.

2. 32 mm minimum latex modified concrete(LMC) per supplemental
specification847 or 848.

3. 45 mm minimum superplasticized denseconcrete (SDC) per
supplementalspecification 847 or 848.


	
SECTION 400 STRUCTURE REHABILITATION AND REPAIR - METRIC SEPT
1998

4-11

4. 6 mm Epoxy Waterproofing Overlay forBridge Decks are not
normallyrecommended except for in the casewhere a concrete overlay
wouldsufficiently lower the bridges loadrating. A proposal note is
available

Be aware that the minimum overlaythicknesses indicated provide
the maximumprotection against chloride penetration.Increased
thicknesses do not proportionallyincrease protection. Minimum
thicknessesshould be used if at all possible. Themaximum thickness
should be limited to 65mm.

Overlays are not intended to be used for gradeadjustments.

Overlays shall not be used on new decks.

A deck condition survey shall be performed inaccordance with
section 412 of this manual.This survey is required for all overlay
projectsin order to determine reasonably accuratevariable thickness
quantities.

Hydrodemolition is a recommended option forprojects where
uniform removal depth acrossan entire bridge deck is required. It
isrecommended that hydrodemolition bespecified for any bridge
overlay project wherethe total square meters of the bridge decks
tobe overlayed is 400 square meters or greater.The normal depth of
uniform removal of theoriginal deck concrete called for shall be
25mm. Plan removal depths should not be setup to go below the top
mat of deckreinforcing.

404.3 UNDERDECK REPAIR

For under deck spalls up to 25 mm deep usetrowelable mortar (a
proposal note isavailable). For more severe undersidedeterioration,
full depth repairs or item 519will be necessary. No spalls over
traffic orother safety sensitive areas should be patchedbecause
potential debonding of the patchcreates a hazard to the public. In
these areas,remove loose concrete and provide extrasealer.

Low pressure epoxy injection has also beentried as a remedy for
delaminations detected inthe bottom portion of the deck.
However,there are no indications of how well thismethod of repair
works.

405 BRIDGE DECKREPLACEMENT

Notes similar to those found in Section 600should be provided
for deck removal in orderto preclude damage to steel stringers.
Referalso to the applicable portions of the Manual,Section 300.

On all deck replacement projects, theelevations of the bottom of
the beam shall befield determined so that when the deck is builtto
the new plan profile grade, it will bepossible to obtain the
required minimum deckthickness. Elevations shall be taken at
thebeam seats and in the interior portions of thespans. This is a
design consideration and isnot something which should be left for
thecontractor to deal with after a contract hasbeen awarded.
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405.1 ELIMINATION OF LONGITU-DINAL DECK JOINT

For bridges up to 27 meters in width,consideration should be
given to eliminatingthe longitudinal deck joint if one
exists.However if the existing bearings are rockersand bolsters,
they may need to be replacedwith elastomeric bearings since the
transversemovement due to temperature changes will beincreased.
Rockers and bolsters were designedto move in a longitudinal
direction only.

An alternate to the cost of replacing allbearings in a structure
is to increase the fit-upclearance or lateral play between the head
ofthe rocker and its cap. This revision of thestandard rocker
bearing allows someadditional lateral movement before the
rockerhead contacts the caps welded side plate.

405.2 DECK HAUNCH

If possible, a 50 mm haunch depth should beprovided over the
stringers unless this haunchwould cause undue problems with the
profilegrade off the bridge.

It is sometimes necessary to raise the profilegrade of a
structure. One way to accomplishthis change when replacing the deck
is byusing deep haunches. The maximumrecommended haunch depth is
300 mm.Provide reinforcing steel in any haunch greaterthan 125 mm.
A deep haunch (125 mm ormore) shall be made by providing a
haunchsimilar to Figure 317 with the horizontalhaunch width limited
to 225 mm on eitherside of the flange.

405.3 CLOSURE POUR

A closure pour is not necessary forreplacement of a deck on
existing stringerseven when using stage construction
sincedifferential deflections will be resisted by theexisting cross
frames.

If a deck replacement project also includes anintegral or
semi-integral retro-fit at theabutments a closure pour may be
required.New concrete abutment diaphragms without aclosure pour at
the stage line, will not allowthe unloaded existing beams to freely
deflectduring the deck replacement pour.

When stage construction is used the singlelongitudinal
construction joint shall be sealedw i t h H i g h M o l e c u l a r
W e i g h tMethacrylate(HMWM) resin.

For additional information and requirementsregarding closure
pours, refer to Section409.1.

405.4 CONCRETE PLACEMENTSEQUENCE

405.4.1 STANDARD BRIDGES

Placement sequences are not generallydetailed for standard steel
beam or girderbridges but are left to the contractor. However,the
designer should recognize the need for apour sequence is not
limited to long structureswith intermediate expansion devices.
Other
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possible structure types are bridges with endspans less than 70
percent of internal spansand two span structures where uplift is
aconcern, structures whose size eliminates onecontinuous pour,
etc.

405.4.2 STRUCTURES WITHINTERMEDIATE HINGES

Long multiple span steel beam and girderbridges have, in the
past, been subdivided intounits by means of intermediate
expansionjoints, located at points of contraflexure, inorder to
keep expansion and contractionwithin the capacities of bearing
devices andexpansion joints. The hinged structure is moresensitive
to placement of deck slab concretethan a fully continuous
structure. Thissensitivity requires that the sequence of
deckconcrete placement be carefully plannedbecause (1) the
configuration of mostintermediate joints makes them susceptible
todamage if the deck placement sequence resultsin large angle
changes between the articulatedelements of the joints, and (2) the
develop-ment of composite action in previously placedspans may
cause deflections to vary fromdesign deflections and result in a
roughprofile.

Plans should show the placement sequence,but should allow the
contractor the option ofa different sequence, subject to the
approval ofthe Director. Generally, concrete should beplaced on the
long cantilever before concreteis placed on the short cantilever,
particularlybefore placement in the span contiguous withthe short
cantilever.

The most unsatisfactory sequence is to firstplace concrete in
the span contiguous with theshort cantilever, especially if
concrete is firstplaced in half of the span immediatelyadjoining
the short cantilever. This sequenceproduces the maximum angle
change betweenthe joint elements.

Refer also to Figure 404 - Page 4-14

Where controlled deck placement sequencealone will not provide
adequate protectionagainst damage to the joint, provision shouldbe
made for attaching part or all of the joint tothe main structural
elements after the majorportion of the concrete is placed.
Anotheralternative is to have a separate deck pour ofapproximately
1000 mm at the joints locationto allow for installation of the
joint after therest of the deck has been placed.

406 EXPANSION JOINTRETROFIT

While it is desirable to seal the expansionjoint of bridges, it
is not desirable to demolisha functional expansion joint and
possibly abackwall simply for the purpose of installinga seal. As
long as a severe corrosion problemdoes not exist, additional
coating will preservethe components exposed to the expansionjoint
discharge until the deck is replaced.However, it must in fact be
established that asevere problem does not exist if coating is
thechosen course of action.
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When practical, on overlay projects, a retrofitsimilar to that
shown on Figure 405 - Page 4-17 and Figure 406 - Page 4-18 can be
used.The purpose of the steel bars in Figures 405and 406 is to
eliminate thin layers of concreteover the existing steel. These
thin concretelayers would not adhere well to the steel andwould
break off in a short period of time. Analternative is the use of
the Polymer ModifiedAsphalt Expansion Joint System, Section306.2.3.
This joint is limited in movement to40 mm.

Note that the designer will have to investigatethe existing
joint on the particular structure(s)and develop details for
carrying the retrofitpast the gutter line and into the sidewalk
orparapet. Details must show any existingconcrete to be removed,
how to attach newsteel armor to existing steel, how to attachnew
steel to concrete, how to attach retainers,dimensions, any new
concrete, reinforcingsteel requirements, material requirements
andcoating requirements. In general views fromthe centerline of the
joint looking toward thedeck and the backwall, a plan view
andsection views are required. If the roadwaywidth is being
increased due to removal of asafety curb and upgrading to the
deflectorshape, a detail of the horizontal extension ofthe end dam
steel must be provided. Makesure that all items of work are
described andincluded somewhere for payment.

Many designers consider the detailing of thesejoints to be of
secondary importance andmerely a nuisance. However
improperdetailing of these joints has frequently caused

project delays and caused numerous problems.The joints are
important to the longevity of thestructure or they would not be
included in thework. Designers must take care to ensure thatthey
are designed and detailed in aprofessional manner.

On projects involving stage construction,joints in the seal
armor must be located andshown in the plans. A complete
penetrationbutt weld should be provided at the armorjoints and a
partial penetration butt weldshould be provided around the outer
peripheryof the abutting surfaces of the retainer (not inthe area
in contact with the gland). The glandshould be continuous and
installed in onepiece. Consideration should be given to themeans of
performing this one pieceinstallation.

On more extensive projects, where the deck isbeing replaced,
consider using the semi-integral design shown on Figure 407 - Page
4-19 and Figure 408 - Page 4-20. There aremany variations to this
solution and Figures407 and 408 are presented only as a
generalguide. This type of design can be used forbridges whose
foundations are stable andfixed (for example on two rows of piles).
It isnot to be used when the foundation consists ofa single row of
piles. The semi-integral designis appropriate for bridge expansion
lengths upto 80 meters (125 meters total lengthassuming 2/3
movement in one direction).Additional considerations are that
thegeometry and layout of the approach slab,wingwalls, curbs,
sidewalks, utilities andtransition parapets must be compatible
with
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(not restrain) the anticipated longitudinalmovement. For example
approach slabs wouldhave to move independently of turned backwings
since the superstructure and approachslab move together. If the
approach slab wereconnected to turned back wings in anymanner, then
movement of the entiresuperstructure would be restricted. Also
referto Section 205.8.1 of the Manual.

Type A pressure relief joints shall be specifiedwhen the
approach roadway pavement is rigidconcrete. The pressure relief
joint shall beplaced at the end of the approach slab
firsttransverse pavement joint but not greater than15 meters from
the approach slab. Whenintegral or semi-integral design is used and
theapproach pavement is rigid concrete, a Type Apressure relief
joint shall be specified at theend of the approach slab.

407 RAISING AND JACKINGBRIDGES

Thought must be given to any required jackingprocedure and
constraints. The bridge must beraised uniformly in a transverse
direction inorder to avoid inducing stresses into the
super-structure. Differential movement betweenstringers shall be
limited to 6 mm. Similarly,consideration must be given to the
stressesinduced into the structure by raising the bridgeat one
substructure unit with respect toanother. Limitations on the
differential raisingbetween units may be necessary if stresses
arefound to be excessive.

When raising a structure, the adjustment inbeam seat elevations
shall be accomplished bysteel shims if the amount raised is 100 mm
orless. If the structure is raised more than 100mm, the bridge seat
should be raised for itsentire length by adding a reinforced
concretecap.

408 BRIDGE DRAINAGE

Much damage has occurred on bridges as aresult of poorly
designed drainage. Theprinciples stated in Section 200 and
300,which cover drainage design for newstructures, apply to rehab
work also. Properdrainage is extremely important to thelongevity of
the structure. All dysfunctionaldrainage systems should be
retrofitted.Consequently, the designer must giveadequate attention
to the development andpresentation of correct details for
thisimportant function.

If it is found that existing scuppers are notnecessary, and the
deck is not being replaced,they should be plugged. If the scuppers
areplugged, the additional drainage directed offthe bridge must be
collected.

If the deck is being replaced, the scuppersshould be removed and
the welds groundsmooth.

Existing functional scuppers may need to beextended so that they
are 200 mm below thebottom flange. Check to see if the bottoms
arerusted through before preparing the scupperextension detail.
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409 WIDENING

409.1 CLOSURE POUR

No single rule is applicable for closure pourson a widening
project. The flexibility of eachmember, the overall theoretical
deflection anduse of integral or semi-integral abutments willcause
each project to be unique. The purposeof the closure pour is to
accommodate thedifferences in deflection which can occurbetween the
new and the old duringconstruction.

For widenings where the existing deck isremoved and a new or
wider, deck is beingplaced, with no superstructure membersadded, no
closure pour is necessary. Seefigure 409-A Page 4-22.

For widenings (2 beams or more) where eitherthe existing deck is
to remain or the phase lineof a new deck will be between the
existingand new superstructure a closure pour shouldbe provided.
Cross frames (figure 409-B1) inthe bay between the new and
existingsuperstructure should not be welded until afterthe phase 1
and 2 new deck portions havebeen placed. After the cross frames
have beenwelded, the closure section, phase 3, can becompleted.
Rebar splices should occur withinthe closure section. The width of
the closuresection should be at least 800 mm. See figure409-B Page
4-22.

For widenings (2 beams or more) where thedecks phase line is not
between the new andold superstructure members, figure 409-C,
aclosure will be still be required. Existingcross frames (figure
409-C1) under theclosure pour location need to be releasedbefore
the phase 2 pour. Cross framesbetween new and existing members
should beinstalled before the Phase 2 pour. Re-installthe released
crossframes after phase 2 butbefore phase 3 pours. Rebar splices
shouldoccur within the closure section. The width ofthe closure
section should be at least 800 mm.See figure 409-C page 4-22

For widenings (2 beams or more) where a newdeck is being
constructed but the phase line isbetween existing superstructure
members andat least 3 bays away from new memberlocations, figure
409-D, a closure is stillrequired. The procedure crossframe
releaseshould be the same as defined in the paragraphabove. A
closure pour may be eliminated forthis condition if the designer
can show theoutside existing member, being attached tothe new
member, is not restrained by thecrossframes from returning to it
originalunloaded condition. See figure 409-D1 4-22.

Closure pours may be eliminated if thedifferential deflection is
expected to be lessthan 6 mm.

Longitudinal construction joints should betreated with a high
molecular weightmethacrylate (HMWM) sealer. See section302.2.9.
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Falsework for the new slab should beindependent and not be tied
to the originalsuperstructure. This would not apply tofalsework for
the closure section. See section405.3 for closure pour requirements
for deckreplacements.

Closure pours on bridge structures withintegral or semi-integral
abutments shallinclude the abutments diaphragm concrete.Any
concrete pier diaphragm shall also beincluded in the closure
pour.

409.2 SUPERSTRUCTUREDEFLECTIONS

The widened section should be designed sothat superstructure
deflections for the new andold portions are similar.

409.3 FOUNDATIONS

Differential foundation settlements must beconsidered. For
example, if it is required towiden a bridge adjacent to an existing
spreadfooting, it is possible that the existing foun-dation has
settled as much as it is going to.However, if the widened portion
is placed ona new spread footing, then that portion willsettle with
respect to the original and distressto the structure will result.
Consequently, thenew portion should be placed on piling ordrilled
shafts in an attempt to limit differentialsettlement.

Substructure foundations need to beinvestigated for scour. The
investigationconsists of determining what the substructuresare
founded on; how deep the foundation is;and a decision on whether
potential scour willendanger the substructures integrity.
Localscour and stream meander need to beconsidered.

409.4 CONCRETE SLAB BRIDGES

For single span slab bridges where stageconstruction is
provided, all bridges should bescreened to determine whether the
mainreinforcement is parallel to the centerline ofthe roadway or is
perpendicular to theabutment.

Early standard drawings called for the mainreinforcement to be
placed perpendicular tothe abutments when the skew angle
becamelarger than a certain value. This angle was re-vised over the
years as new standard drawingswere introduced.

Concrete slab bridges should be screenedaccording to the
following criteria:

Prior to 1931 the slab bridge standard drawingrequired the main
reinforcement to be placedperpendicular to the abutments when the
skewangle was equal to or greater than 20 degrees.This angle was
revised to 25 degrees in 1931,30 degrees in 1933 and finally 35
degrees in1946. The standard drawing in 1973 requiredthe main
reinforcement to be parallel with thecenterline of roadway
regardless of the skewangle.
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If the skew angle of the bridge is equal to orgreater than the
angles listed above for the yearbuilt, a temporary longitudinal
bent will haveto be designed to support the slab where it iscut.
For example a bridge built in 1938 with a25 degree skew does not
require a bent,however a bridge built in 1928 with a 25degree skew
does require a bent to be designed.

The deck should be inspected in the field tomake a visual
verification of the reinforcingsteel direction.

409.5 PIER COLUMNS

New pier columns added for the purpose ofwidening shall be tied
into the existing pier ifthe pier type is cap and column.
Individualcolumns are not permitted.

When the existing piers are either T-type orwall-type piers, the
designer should evaluatewhether the new individual column should
betied back into the existing substructure unit orremain free
standing. Two or more adjacentfree standing individual columns
without a capare not permitted.

410 RAILING

Railing not meeting current standards willrequire upgrading when
that structure isincluded in any construction project.

There are several methods for upgradingexisting parapets to the
deflector shape.

410.1 FACING

This method works when the existing parapetis in relatively good
condition. The existingparapet and safety curb can be
partiallyremoved and a facing section placed on top asshown in
Figure 410 - Page 4-25. Dowelsshould be at least 150 mm deep and
should bespaced at no more than 400 mm c/c. Groutshould be epoxy
grout per 705.20. It will benecessary to call for epoxy grout as
othermaterials are also covered in thesespecifications. Details
showing removal ofexisting concrete, dimensions for placement ofnew
concrete, treatment of the parapet at theexpansion joint
(coordinate with detailsrequired and described under Expansion
JointRetrofit), parapet transition details, typicalsections, joint
spacing, reinforcing steel, limitsfor purpose of measurement and
payment, andwhat pay item the work is to be included withare also
required.

A typical note, [48], can be found in Section600 of the Manual.
Be aware that this note isgeneral and must be modified as needed
forspecific applications.

410.2 REMOVAL FLUSH WITHTHE TOP OF THE DECK

If the outside of the existing parapet is in badenough
condition, the parapet and curb can besawn off and a new parapet
installed. Dowelsshould be at least 150 mm deep and should bespaced
at no more than 400 mm c/c. The basisfor this depth and spacing is
research reportFHWA-CA-TL-79-16 prepared by CalTransin June of 1979
where they performed crash
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testing of various railing sections with shallowrebar anchorage.
Grout should be epoxy per705.20. It will be necessary to call for
epoxygrout as other materials are also covered inthese
specifications.

410.3 THRIE BEAM RETROFIT

If it is determined that upgrading of the parapetto the
deflector shape is not prudent, StandardDrawing TBR-91M can be
applied.

411 BEARINGS

Notes may be provided to rehabilitate thebearings if that is the
chosen course of action.It is customary to split the jacking of
thesuperstructure into one pay item (see Section407 of the Manual)
and the actual bearingrestoration work into another. The
contractorshould be given the option of totally replacingthe
bearings.

If elastomeric bearings are used at abutmentswhere the existing
expansion joint is builtaccording to Standard Drawing SD-1-69,
thejoint must be modified. The old StandardDrawing SD-1-69 end dam
consists of anangle, attached to the superstructure, whichangle
overlaps the abutment backwall. Ifcompressible type bearings are
used with thisarrangement, the reaction will be transferred tothe
end dam angle causing distress to the end ofthe deck.

All bearings at an individual substructure unitshall be the same
type.

412 CONCRETE BRIDGE DECKREPAIR QUANTITYESTIMATING

A deck condition survey shall be conductedand a report prepared
for each existingconcrete deck. The survey shall be performedas
near as practicable to the plan preparationstage and shall be
completed before beginningdetail design work for the deck
rehabilitationsince it is to be used as a design tool towardthat
end. If the survey will be two winters ormore old at the scheduled
time of sale, a newsurvey shall be performed. The new surveywill
include recoring of the deck as deemednecessary.

The top surface of bare concrete decks shallbe both visually
inspected and sounded forobvious signs of deterioration. The
topsurface of decks with an asphalt overlay shallbe visually
inspected for signs of obvious andsuspected deterioration.

The underside of all decks shall be inspected.Where there are
indications of delamination,water intrusion, discoloration,
spalls,efflorescence or other signs of distress, theunderside shall
be sounded. The decks shallthen be cored in suspicious areas to
verify andfurther define areas of unsoundness. If it issuspected
that full depth repair may berequired, cores shall be taken full
depth or atleast to the bottom mat of reinforcing steel inthose
areas. A description of the core resultsshall accompany the deck
condition surveyreport.

See Figure 411 - page 4-27
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A sketched plan of the deck area, both topsurface and underside,
shall be included withthe bridge deck condition survey. The
unsoundareas should be plotted on the sketch indicatingthe
approximate dimensions which were usedto estimate the percentage of
total unsounddeck area.

The minimum number of cores to be taken fora bare concrete deck
shall be determined by thefollowing criteria:

A minimum of two(2) per bridge forbridges with a deck area less
than 225square meter.

A minimum of three(3) per bridge forbridges with a deck area
between 225 to450 square meter.

A minimum of four(4) per bridge forbridges with a deck area
between 450 to900 sq. m with one additional core for eachadditional
900 square meters or partthereof.

For bridge decks with an asphalt overlay theminimum number of
cores listed above isrequired but it is further recommended
thatadditional cores be taken due to the variabilityof unknowns
hidden under the overlay.

Core locations shall be determined fromconditions detected
primarily from the bottomside of the deck, however, the top surface
mayalso indicate areas to be cored. At least onecore shall be taken
from an apparently soundarea and the others from questionable areas
forcomparison.

The cores shall be submitted to the DistrictBridge Engineer with
proper identification.They shall be retained for a minimum periodof
six months following the award of theactual construction
contract.

Cores shall be inspected for:

Obvious crumbling Stratification or delamination zones Soundness
of aggregate Depth and condition of reinforcing steel

A description of the core results shallaccompany the deck
condition survey report.

An estimate of the unsound deck area as apercentage of total
deck area shall be madefrom all of the information gathered from
thesurvey and testing.

412.1 SPECIAL REQUIREMENTSFOR QUANTITYESTIMATING FOR BRIDGES150
m OR GREATER INLENGTH

In addition to the requirements of section 412above additional
requirements are added forstructures with a length of greater than
150meters.

An electrical potential survey shall beperformed. The area of
active corrosion shallbe compared with the delaminated area
todetermine a more accurate repair area.
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Consideration should be given to engaging acompany or agency
specializing in bridge deckcondition surveys which include
thermographicacoustic and radar techniques, electromagneticsounding
and nuclear magnetic resonance.

Deck cores shall be analyzed for chloridecontent.

It should be noted that active corrosion isassumed to be taking
place if a chloride ioncontent greater than 1.2 kg/m3 is present
and/orif there is an observed rebar electrical potentialreading of
greater than -0.35 volts compared toa copper-copper sulfate
reference half cell.

It is not the intent to remove chloridecontaminated or
electrically active concrete butrather the results of the chloride
ion contenttests are to be used as a support tool fordetermining
the type and extent ofrehabilitation to be recommended.

412.2 ACTUAL QUANTITIES,ESTIMATING FACTORS

The following table gives estimating factors.The estimating
factors are related on a slidingscale in order to project the
quantities basedupon measured areas to plan quantities 6 to 9months
beyond the actual date of the deckcondition survey, including one
winter.

Measured %Unsound Area

Estimating Factor

Project %Plan Area

0-10 0-3 3015 2.33 3520 2 4025 1.9 47.530 1.87 5535 1.79 62.540
1.69 67.545 1.56 7050 1.50 7560 1.33 8070 1.21 8580 1.09 87.590
1.00 90

The plan quantity must be increased by afactor of 15% when the
survey is one winterold.

Life cycle cost comparisons indicate that thebenefits derived
from replacement versusrehabilitation are approximately equal
whenthe amount of unsound and delaminatedconcrete area is 50% to
60% of the total deckarea. Therefore, unless there are
overridingcircumstances, the decks shall be replacedrather than
rehabilitated when this area equalsor exceeds 60% of the total deck
area.

Do not include a pay item for full depth repairwhen such work is
not indicated. The unitprice established by this practice is
worthless.
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For any overlay project establishing accuratequantities are
difficult. The difficulty is onlyincreased if the bridge has an
existing asphalticor rigid concrete overlay. As asphaltic
concreteoverlays do not allow conventional soundingmethods,
additional coring and/or evaluationmethods listed in 412.1 are
recommended.

Required removal thicknesses of existingoverlays should be
established by coring of thedeck to establish the true thickness of
theexisting overlay. Do not use the originaldesign plans specified
overlay thickness.

Variable thickness quantities should beestablished based on
unsound areas of deck andassuming a depth to the bottom of the top
layerof reinforcing steel + 3/4". Coring should beused to verify
delamination depth.

Hand chipping bid items for overlay projectsrequiring
hydrodemolition removal areassociated with variable thickness
quantities.Using 10% of the variable thickness surfacearea for
quantities is one alternative, but othermethods may be acceptable.
A separate handchipping bid item is not required if the methodof
removal is mechanical scarification

Accurate records of actual quantities shall bemaintained for
each bridge.

It is recommended Districts review anycriteria for selecting
rehabilitation andreplacement projects with the Offices ofHighway
Management and StructuralEngineering to help assure state
wideconsistency on rehabilitation or replacementdeck projects.

Reference shall be made to Section 7.0 of theBridge Deck
Resurfacing Guidelines, in theupdated "Design Guidelines for
MinorRehabilitation and Resurfacing Projects" datedJune 18,
1987.

It should be noted that in all cases,maintaining the structural
integrity of thestructure is of prime importance. The effectsof
exposing large areas of the top mat ofreinforcing in areas such as
cantileveredparapets, negative moment reinforcing overbeams on
stringer bridges and over piers oncontinuous slab bridges and in
other areas ofa critical nature must be clearly understoodfrom a
design standpoint.
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