        PREVENTIVE MAINTENANCE GUIDELINES FOR BRIDGES AND CULVERTS

What is Preventive Maintenance?  It is the act of keeping a structure in its as-built condition and/or protecting it from inevitable deterioration due to environment, traffic vibration and deicing chemicals.  In some cases, structures are built with flaws such as cracks in concrete which require action to prevent moisture and chlorides from infiltrating the micro structure and causing early deterioration.  One fact remains, however; a structure starts to deteriorate the day it is completed and it is the duty of the person in charge to slow the deterioration as much as practical using methods and materials that are considered best practices.  It is the intent of this Manual to present  best practices that have proven themselves to work in Ohio’s environment and with the type of construction and materials most commonly found in Ohio.  This is not to say that other materials and methods do not have merit and in fact an open mind should be kept for trying new materials as they are developed.

It is always cheaper in the long run to perform preventive maintenance activities than to let a known condition go until the entire member or structure has to be replaced.  This methodology is similar to keeping your car’s finish waxed and/or touching up minor scratches or stone chips before the next stage of deterioration which is rust perforation.  Similarly, at your home, it is always cheaper to repair a minor leak in your roof as soon as it is noticed rather than waiting until the underlying roof sheeting is rotted.

Many times on a bridge, there are numerous visual defects which may be overwhelming as to what should be fixed now and what can be deferred.  Usually a bridge deteriorates from the top (deck) down.  The deck is the first element of a bridge that is impacted by traffic.  It also is in the worst environment due to deicing chemicals and temperature variations.  The deck acts as a roof over the other elements of the bridge and as such protects the superstructure and substructure.  A deck that remains dry on the bottom side with no or very minor cracks will protect the rest of the bridge indefinitely.

Another factor in the deterioration of a bridge is caused by drainage or splash.  Expansion joints that leak cause deterioration of end cross frames, tops of bottom flanges, freezing of movable bearings and deterioration of pier and abutment seats located directly under the leaking joints.  Overpass type bridges are affected by splash from passing traffic.  The elements most usually affected by splash are piers within the splash zone (usually shoulder piers) and the lower portion of beam webs due to salt spray collecting on top of the bottom flange directly over passing traffic.

One of the most predominate causes of bridge failure nationwide is caused by scour or streambed migration.  The undermining of footers/foundations is caused by water action eroding away the supporting soil.  Usually this undermining can be detected visually and can be corrected relatively easily if caught in its early stages.

This Manual will address the various above-mentioned issues in the same way the bridge deteriorates; from the top down.

DECK

Due to the predominance of reinforced concrete decks on the ODOT system, this Manual will only discuss this type of deck.

Background:

Most reinforced concrete decks in Ohio on steel beams or prestressed I-beams are 8 ½" thick and may or may not have a bonded concrete overlay (1 3/4" or 1 1/4") thick or an asphalt concrete overlay (2 ½") thick.

Reinforced concrete bridge decks built prior to 1975 probably contain black (uncoated) reinforcing steel while most built since 1975 contain epoxy coated reinforcing steel.  Since the corrosion of the uncoated reinforcing steel and subsequent spalling (delamination) of the cover concrete was a huge problem in the early 1970's, the introduction of an epoxy coating on the reinforcing steel has largely eliminated the spalling (delamination) problem.  There is still some concern about the long term life of epoxy coated reinforcing steel (even though epoxy coated reinforcing steel has already exceeded the average life of uncoated steel by 3 times) ODOT decided to adopt a more impermeable concrete in early 1990's called high performance concrete (HPC).  The combination of epoxy coated reinforcing steel and HPC should result in deck which will last at least 50 years.

Experience in Ohio has shown virtually no difference in the deterioration rate of a reinforced concrete deck whether on top of steel beams or prestressed I beams, although it is recognized that steel beam bridges are more flexible than prestressed I beams and therefore could be more prone to transverse cracks in the deck.  The same can be said of reinforced concrete slab structures.  These are very rigid (minimal flexibility), but they also seem to deteriorate at about the same rate as a steel beam bridge.  The following recommendations will therefore pertain to reinforced concrete decks on:

                                                      -steel beam bridges

                                                      -prestressed I beam bridges

                                                      -prestressed box beams

                                                      -reinforced concrete slab bridges

Preventive Maintenance Recommendations:

-Sweep (power broom), flush with water (preferably power wash) at least once each year in the spring, after last use of deicer chemicals or grits for the season.  This action is usually only necessary in the gutter areas (beyond the white edge lines).

-Seal the entire deck surface with an ODOT approved silane or siloxane (once every 5 years).

-If the deck has obvious transverse cracks in the surface, the crack areas can be areas can flooded with an ODOT approved high molecular weight methlacrylate (HMWM), or a gravity fed resin or a silicate solution.

-If deck is ponding water due to a low spot in the deck (usually in the gutter area), consider grinding a small trough into the concrete surface to allow water to drain to the nearest scupper; or place a “skin patch” in the low area using a speciality product such as “Concrete Solutions” or “Ardex” or an epoxy “broom and seed”.

-If the deck has obvious delaminations, potholes, scaling, etc, see Repair Section of this Manual.

WEARING SURFACES

-Concrete Overlays:

         -The recommendations for preventive maintenance are the same as mentioned above                         for concrete decks

-Asphalt Concrete Overlays:

         -Cracks in the asphalt should be sealed with a flexible asphalt sealer (ASTM 3405)

         -As asphalt begins to weather or the surface ravels on low volume roads (5000 VPD                         or less), the surface can be chip and sealed.  On higher volume roads, the surface can                          be milled and filled (1" min.) with new asphalt concrete.  Proprietary slurry seals can                        also be utilized.

SIDEWALKS

Sidewalks on bridges are predominately constructed of reinforced concrete, however some are constructed of steel “checkerplate”.  This Manual will only discuss concrete sidewalks.  Concrete sidewalks crack and deteriorate much the same as concrete decks and therefore most of the same preventive maintenance activities mentioned above for decks will apply for sidewalks.

     -Sweep and power wash at least once per year, preferably after the last application of                    deicing chemicals.

     -Seal with silane or siloxane type sealers

     -Epoxy/urethane sealers can be used, but last coat of urethane should be “seeded” with                    sand or other type of grit before it dries to provide skid resistance.

     -Treat cracks with HMWM before applying sealers

     -Watch for trip hazards and correct expeditiously (see Repair section of this Manual)

RAILING

Various types of railing has been utilized through the years, but the materials are generally either concrete or steel.  If concrete, the typical type built during the Interstate years incorporated a safety curb and  parapet topped with aluminum railing. Much of this railing has been upgraded with the current style of deflective parapet.  If steel, the most common type used since the 1970s has been deep beam guardrail with tubular backup mounted on 6" wide flange posts on 6'-3" centers.  The posts are mounted on the side of the bridge with 4 - 1 ½" bolts.  All steel components are protected against corrosion by galvanizing.

The preventive maintenance recommendations are:

-Reinforced concrete

     -Wash off the inside face of the railing (in the splash zone) when washing the decks every        spring

    -Seal the top and inside face of the parapet with a silane or siloxane clear sealer (once        every 5 years).  The ODOT standard two coat (epoxy/urethane) sealer may also be used,       but are also more expensive and difficult to use than the silanes/siloxanes.

     (Note: It is not uncommon for the parapets to exhibit vertical cracks at a regular spacing                      and it is therefore even more important to keep these cracks sealed by one of the above-                   mentioned methods)

-Deep Beam Guardrail With Steel Tubular Backup

    -Tighten loose bolts as needed

    -Touch up damaged galvanizing with zinc paint

SCUPPERS

-Clean and flush out scuppers at least once per year and more often as necessary to allow for                free drainage off the deck

-Check area below the scuppers where drainage is allowed to freefall.  Repair washouts in                embankment below bridge as necessary with dump rock or rip rap

-If scupper downspouts do not extend below the bottom of beam flanges or if the ends have                deteriorated and drainage is not clearing the structural steel, consider extending to at least             6" below the flanges with the use of PVC pipe of equal size and a rubber sleeve fitting                 attached with stainless steel hose clamps.

DRAIN PIPES BELOW THE DECK

Many times, especially in urban areas, scuppers cannot be allowed to drain directly onto the ground or onto other roadways, buildings, etc.  The scuppers are connected to lateral and vertical drain pipes which were designed to empty into storm drains.  Make sure these drainpipes are free flowing and not plugged.   Many times these laterals are too flat and the elbows are 90 degrees which encourages plugging.  It may be easier in some cases, rather than constantly trying to unplug these connections, to redesign the system with more slope on the laterals and elbows no greater than 30 degrees.  By using readily available PVC and polyethylene piping and with a little ingenuity, these systems can be made more maintenance free.  Transistion connections from steel to plastic can be made with rubber sleeves and stainless steel clamps. 

If the vertical drain pipes are directly connected to the storm drain system, consider making a discontinuity in the system at the ground line.  The vertical pipe should be terminated 1-2 feet above the ground line and a small catch basin installed below the end.  This will allow easier cleanout and will minimize backup in the vertical pipe.

DRAINAGE

The efficiency with which the water is drained from the deck is directly affected by the location and cleanliness of the scuppers on bridges with solid railings or parapets.  Bridges with steel guardrail with tubular backup on steel posts usually are designed to allow drainage to run directly over the sides of the bridge.  This is especially true on many reinforced concrete slab and prestressed concrete box beam bridges.  The drainage is usually efficient in draining quickly over the sides of the bridge, but in doing so also allows the sides and bottom corners of the bridges to become saturated with salt laden moisture.  As a result, the chlorides penetrate the concrete and attack the reinforcing steel on concrete slabs and the prestressing strands on box beams.  As the reinforcing steel or the prestressing strands corrode,  they expand slightly causing the concrete to spall off.  This spalling progresses back under the deck and eventually cause structural damage.  A simple solution to the edges of bridges with over the side drainage involves the use of a galvanized steel (or stainless steel) drip edge attached to the top edge or embedded into the sides of the bridges.  This steel drip strip causes drainage to drop directly down to the ground instead of running down and under the sides of the bridge and thus protects the sides from deterioration.  Steel drip strips are difficult to install with maintenance forces unless being added when the bridge is being overlaid with asphalt or concrete.  The sides, however, can be protected with silane/siloxane or epoxy/urethane sealers and extended about 18" under the bottom side.  This is action is strongly recommended to extend the life of these bridges.

EXPANSION JOINTS

Expansion joints allow the bridge to expand and contract with temperature changes and to allow for rotation of the beam ends as the beams deflect under traffic loading.  It is imperative that these joints be maintained with the proper opening to allow the bridge to function as it was designed.  The most common type of expansion joint used when the Interstate was built is the steel sliding plate.  These were designed to allow for at least 2" of movement and 3" or more on the longer bridges.  It is important that these openings be cleaned out periodically (at least once per year) so that incompressible material (such as gravel and asphalt)does not collect in the openings.  If the road gets resurfaced, it is important that the paving does not extend across the joints without first vertically extending the joint with a small steel bar welded to each side of the joint and filling the opening between the bars with a rubberized asphaltic material (ASTM 3405).

Other types of expansion joints commonly used in Ohio include steel finger joints for movements greater than 4", neoprene compression seals placed between vertical steel bars and most commonly used now; strip seals.  Strip seals are comprised of a neoprene gland anchored into special steel “jaw-like” bars.  Other types of expansion joints occasionally used include a poured-in-place  silicone and polymer modified asphalt “plug joints”.  The last several joints mentioned not only allow the bridge to expand and contract with temperature changes, but also seal the joint so as not to allow salt laden moisture to drip down onto the beams and substructure below.

Preventive Maintenance Recommendations:

     -Remove dirt, stone, asphalt and other incompressibles from expansion joint openings at                   least once per year.

                                                          BEAM MEMBERS

STEEL BEAMS

Most steel beam bridges in Ohio consist of 4 or more lines of beams which are continuous over the piers (no joints except at the ends/abutments).  The steel beams consist of either rolled, wide flange beams or built-up girders (for longer spans) made up of flanges, webs and stiffeners  welded or riveted together.  It is important to recognize the difference between rolled beams and built-up girders.  Rolled beams are easier to maintain because:

-The webs are an integral part of the flanges in that the beams are rolled out of one piece of steel and the webs are significantly thicker than built-up girder webs

-The beams have smoother lines with no stiffeners to trap moisture and debris on the bottom               flange

Built-up girders are more vulnerable to deterioration because:

-They have relatively thin webs (some as thin as 7/16") which can corrode through fairly   quickly once corrosion begins

-The large number of stiffeners needed to stiffen the relatively thin webs trap debris and                moisture on the bottom flange and are more difficult to paint because of all the pockets

-Riveted girders are made up many plates and angles sandwiched together and held with      rivets to form thicker flanges (Note: riveted girder are no longer manufactured, but many   were built as part of the Interstate construction program and still have to be maintained)

-These sandwiched plates have many crevices which allow moisture to collect and once                corrosion begins, is very difficult to stop

-The more modern, welded girders do not have the problems that riveted girders have, but   they   still have thin webs and many of the early designs (late 1950s to early 1980s) have   weld   details which are prone to long term fatigue cracking

Preventive Maintenance Recommendations:

-Pressure wash the beams/girders once per year in the spring if possible, especially    overpasses where salt spray from passing traffic can collect on the steel (this is very difficult   to do and perhaps not practical, but is very beneficial in the long run).  Even if the entire   bridge cannot be washed, at least wash areas under expansion joints (usually at abutments).

-Touch up minor defects in the paint system such as scratches and small areas of corrosion

  with a good quality epoxy/urethane or acrylic paint ( there are several water based acrylic    paints    available for industrial applications

-On overpass type bridges, watch for nicks or gouges in the bottom flange caused by    overheight loads.   These should  be ground smooth with an angle grinder to minimize    crack propagation.  More serious damage caused by overheight load collisions such as bent   beams should be repaired by heat straightening (see repair section of this Manual).

PRESTRESSED CONCRETE I-BEAMS

Prestressed concrete I-beams are usually constructed as simple spans (not continuous over piers) and after erection made semi-continuous by casting a  transverse concrete diaphragm over the piers which also fills the gap between the beam ends.  The first prestressed I-beams were constructed in Ohio in 1958, although not widely used until the last 10 years. These types of beams have been relatively maintenance-free thus far although sealing  the fascia beams is recommended on a regular basis.

Preventive Maintenance Recommendations:

-Seal the fascia beams with a silane/siloxane sealer every 5 years

-Watch for nicks, gouges and spalls in overpass bridges caused by overheight loads.

  Patch these areas as noted in the repair section of this Manual.

PRESTRESSED CONCRETE BOX BEAMS

Prestressed concrete box beam bridges have been popular in Ohio since the late 1950s.  Box beams are set side-by-side, tied together with transverse tie rods along with grouted keyways between the beams near the tops.  Many of the bridges up until 10 years ago were  waterproofed and covered with a minimum of 2 ½" asphalt concrete.  More recently, the bridges are being topped with a 6" thick reinforced concrete deck.

Some  important aspects of prestressed box beams to remember are:

                     - The beams get their strength from ½" diameter high strength steel strands located                           within 2" of the bottom of the beams and spaced at 2" centers.  The strands are                                uncoated and are vulnerable to corrosion caused by chloride infiltration.

           -The beams are hollow except at the ends

           -The longitudinal joints and keyways between the beams tend to leak

Preventive Maintenance Recommendations:

-Seal outside fascias of beams with silane/siloxane every 5 years

-Seal any cracks in the wearing surface as noted under Wearing Surface section to keep                    moisture out of the beams.

-If leakage is noted on underside at joints, consider having wearing surface replaced and       keyways re-grouted.

-If an overpass bridge, watch for evidence of collision form overheight loads and repair spalls   as noted in Repair Section

CAST-IN-PLACE CONCRETE SLAB

These types of bridges have no beams under the decks, but instead utilize reinforcing steel embedded in the bottom of relatively thick concrete slabs to carry the loads.  These types of bridges have been common in Ohio since the 1920s.  Many of the early bridges were single spans, but since the 1950s many have been multiple spans, continuous over the piers.  Concrete slab bridges have been relatively maintenance-free over the years, but it is important to keep chlorides and moisture from reaching the primary reinforcing steel.  On simple span bridges, the primary reinforcing steel is located in the bottom of the slab, but in continuous slabs, it is important to realize that primary reinforcing is also located in the top of the slab in the area over the piers.  Preventive maintenance is the same for concrete slabs as previously  noted for concrete bridge decks on steel/concrete beams.  It is also important to protect the edges of concrete slabs with over- the- side drainage as previously  discussed.

Preventive Maintenance Recommendations:

-Sweep and flush off deck surface and gutters once per year after last salting

-Seal deck surface with silane/siloxane every 5 years

-Seal cracks in deck surface with HMWM

-Seal sides and 18" undersides with epoxy/urethane on slabs with over-the-side drainage

CONCRETE ARCH BRIDGES

Reinforced concrete arch type bridges have also been used as a type of bridge construction in Ohio since the early 1920s. There are primarily three  types of concrete arches.  They are:

                                            -Filled spandrel wall arches

                                -Open spandrel arches

                                -Through arch (rainbow)

The Filled Spandrel Wall Arch consists of a vertically curved concrete slab with walls (spandrels) cast on top of the slab to form the sides of the bridge.  The area between the walls and top of the arch was filled with granular material and the roadbed was placed directly on the fill.  These types of arches have functioned quite well through the years with minimal maintenance.  Some of the problems associated with this type of bridge include the entrapment of moisture in the fill which in-turn can deteriorate the spandrel walls.  In some cases, the walls start to lean outward due to weight of the saturated fill.  This opens up cracks in the wearing surface along the edges which allows more moisture into the fill and the failure is exponentially progressive.  In some cases, in urban areas especially, sewer and water lines were buried in the fill which eventually settled and leaked  into the fill.

Preventive Maintenance Recommendations:

-Keep wearing surface (usually asphalt) crack sealed

-Keep gutter areas where they abut the spandrel walls sealed with a flexible sealer such as               rubberized asphalt

-If utilities are buried in the fill (such as storm sewers and/or water lines) check to make sure                they are not leaking into the fill

-If evidence of moisture collecting in fill, consider installing drains at the low points of arch               by core drilling through concrete into fill

The Open Spandrel Arch also has a vertically curved concrete slab, but instead of solid spandrel walls, it has vertical columns supporting floorbeams and a deck slab, usually all constructed of concrete. The bridge may also be constructed of individual arch ribs which also support the vertical columns. The area on top of the arch and under the deck is open and thus can be inspected easily for damage.  The most common problem associated with this type of bridge is leakage at joints (on multiple span arches) or drainage from scuppers dropping directly onto the arch components.

Preventive Maintenance Recommendations:

-Keep the deck surface sealed as discussed under Concrete Decks

-Clean areas under expansion joints annually by flushing and sealing surfaces affected

-Redirect drainage from scuppers that falls directly onto arch components or extend scuppers                with plastic tubing so that drainage falls directly to the ground

The Through Arch (or rainbow arch) usually consists of two arch ribs that extend well above the roadway on each side of the bridge.  The roadway passes between the arch ribs.  Vertical columns are attached to the underside of the arch ribs at regular spaces.  The verticals hold up transverse floorbeams which in turn support the deck slab.  Most Through Arches in Ohio are constructed of reinforced concrete, but a few are constructed of steel.  This Manual will only discuss concrete ones, since they are most prevalent.  The most common problems associated with this type of arch are due to salt spray and leaking joints.  Concrete is a very good building material as long as it is kept in compression, but with this type of bridge, the verticals are tension members.  They are reinforced, but due to their slenderness, there is not much room for the reinforcing steel and the amount of concrete cover is critical.  Since the majority of these types of bridges were built before the advent of epoxy coated reinforcing steel, the vertical columns are especially prone to salt spray and the resultant corrosion of the reinforcing steel.  These types of bridges were also commonly constructed with contraction joints near each end of the deck slab.  These joints allowed for some rotation of the deck slab.  These joints were located directly above the edge of the second floorbeam from each end.  The resultant leakage usually deteriorated these next-to-the-last floorbeams.  As a result of these details, it is imperative to keep the top side clean and to seal all components in the splash zone.

Preventive Maintenance Recommendations:

-Power wash the deck surface, gutters and verticals annually

-Keep the wearing surface sealed as discussed under Concrete Decks

-Seal all components of the arch within the splash zone with silane/siloxane or                             epoxy/urethane

-Identify the transverse contraction joints in the deck near each end and crack seal with                     rubberized asphalt, silicone caulk or urethane caulk

BACKWALLS

Backwalls are the vertical walls at the ends of most bridges that extend up from the abutment seats and support the expansion joint.  Backwalls are small retaining walls which also support the approach slabs and hold back the embankment under the approach slabs.  On bridges with conventional expansion joints, the backwalls also provide the necessary clearance between the ends of the beams and the face of the backwall to allow the bridge to expand and contract.

  The most common problem associated with backwalls occurs when the backwall gets pushed into the ends of the beams due to pavement pressure (or pavement growth).  This most commonly occurs on bridges that are on highways constructed of several miles of concrete pavement.  The concrete approach pavement expands in the summer months, but then in the winter, the pavement contracts.  As the pavement contracts, the joints between the pavement slabs open up and dirt, sand and other incompressibles get into the open joints.  As the pavement starts to expand again the following summer, the growth continues and net length of the pavement keeps growing.  This pavement growth exerts tremendous pressure on bridge backwalls (which are the weakest link in the growth process) and eventually the backwalls fracture and  come to rest up against the beam ends.  This then restricts the normal expansion and contraction of the bridge which can lead to several structural problems.  This process can be stopped with the installation of pavement relief joints in the pavement just beyond the approach slabs.  These consist of asphalt  filled 1 - 2 foot wide gaps in the pavement.  Then as the concrete pavement expands, the pressure is absorbed by the asphalt in the relief joints.

Another typical problem with backwalls occurs on bridges with traditional sliding plate expansion joints which leak salt water down onto the face of the backwalls.  If the bridge was constructed prior to 1976, chances are that the reinforcing steel is uncoated (or black).  The corrosion process begins quickly and the concrete delaminates and spalls off the face of the backwalls.  This eventually leads to complete destruction of the backwall.  This can be minimized by flushing the face of the backwalls and sealing the surface of the concrete.

Preventive Maintenance Recommendations:

-Wash down the face of backwalls once per year after last salting

-Seal face of backwall with silane/siloxane once every 5 years or with epoxy/urethane once               every 10 years

-On highways constructed of concrete pavement, install  pressure relief joints, if not already                existing

BEARINGS

Bearings are the devices that transfer the traffic loading and the weight of the bridge from the superstructure to the substructure.  Bearings also allow the bridge to expand and contract as well as allowing for rotation of the beams as they deflect under live load.  Bearings in Ohio have traditionally been constructed steel or neoprene or a combination of both.  Some bearings act as fixed bearings which anchor the superstructure to the substructure (only allowing rotation) while others allow for expansion and contraction.  The ones that allow for expansion and contraction are either sliding, rocking or roller bearings.  Most Interstate era bridges are continuous over several piers with one bearing being fixed and the others being moveable (rockers).  The oldest movable bearings are generally sliding plate.  The Interstate bridges usually incorporated rockers and bridges built since the late 1970s/early 1980s have been neoprene or neoprene/steel.  Some larger bridges have also incorporated teflon and stainless steel for greater movements.  Bearing devices used in Ohio have generally been relatively maintenance-free with steel requiring the most maintenance and neoprene requiring little or none.

Preventive Maintenance Recommendations;

-Power wash steel sliding plates and steel rocker bearings (especially at abutments) annually                when washing decks.  Make sure to concentrate efforts between rocker surfaces and base                plates so that dirt does not accumulate that will impede movement

-Touch up steel with high quality epoxy paint as needed

-Neoprene bearings require little maintenance except occasional power wash to keep dirt and               debris from building up around bearings

ABUTMENTS

Abutments support the ends of the bridge and transfer the loads from the superstructure into ground.  The abutments also support the bearing devices and the backwalls.  Abutments are usually  constructed of concrete.  The abutment seat is the most vulnerable part of the abutment, especially on bridges with leaking expansion joints.  The abutment seat is the flat part of the abutment upon which the bearing devices rest.  The abutment seat tends to collect moisture and debris which, if allowed to build up, will cause deterioration of the concrete and threaten the stability of the bearings.

There are various types of abutments including wall, stub, integral and semi- integral.  The wall type abutment is generally several feet high and extends from the streambed to the bottom of the superstructure.  These were generally used on single span bridges in an effort to keep the bridge shorter.  Wall type abutments are generally not used now because of their expense.  The stub abutment has been used since the 1960s and are much shorter than the wall type.  The stub abutment is built back away from the stream and up on the back slope, well away from normal water flow.  The stub abutment is generally built on piling which is not visible.  Stub abutments required that the bridge be longer than that for wall type abutments, but resulted in more economical bridges and less vulnerable to flood damage.

Integral and semi-integral abutments are similar to stub abutments, but instead of having seat areas which support bearings, the abutment actually encases the beam ends.  The portion of the abutment which encases the beam ends is isolated from the rest of the abutment with expansion joint material (preformed expansion joint material or polystryrene). 

 On integral abutments, the upper part  of the abutment which encases the beam ends is tied to the bottom part of the abutment with an array  of reinforcing steel which allows the upper part to rotate, but not slide.  

On semi-integral abutments, the upper part of the abutment is entirely isolated by the expansion material allowing it to slide on the bottom part of the abutment.  Integral abutments were first used in Ohio in the late 1970s and have performed extremely well; requiring no maintenance.  Semi-integral abutments have been used in Ohio since the mid 1980s and have also performed well with only minor maintenance needs. 

 The beauty of integral or semi-integral abutments is the elimination of expansion joints, backwalls and bearing assemblies.  There are also no abutment seats to collect debris and no damage caused by leaking expansion joints.  The bridge is restrained from its normal movement due to expansion and contraction by the mass of concrete which encases the beam ends.  The only notable effect of restraining the beam ends on integral abutments has been the formation of cracks in the deck at the corners of the bridge, usually at a 45 degree angle.  These cracks appear early on in the life of the bridge, but do not progress and thus far have not been a problem even in the oldest integral abutment bridges. 

 Semi-integral abutments allow for upper part of the abutment to move independently of the bottom part.  As a result, even though there is no expansion joint directly over the abutment, some semi-integral abutment bridges have had a problem with a joint opening and  closing in the pavement at the end of the approach slabs.  This allows for entry of moisture and debris which may undermine the pavement or approach slab.  This opening in the pavement must be kept sealed with a rubberized asphalt crack sealer.

Preventive Maintenance Recommendations:

-Wall Type Abutments          

                     -Power wash abutment seats annually after last salting

                     -Seal abutment seats and 3' down face of abutment with silane/siloxane every 5 years                        or with epoxy/urethane every 15 years

-Stub Abutments

        -Power wash abutment seats annually after last salting

        -Seal abutment seats and  face of abutment with silane/siloxane every 5 years or with                        epoxy/urethane every 15 years

-Integral Abutments

        -No maintenance required on abutment, but look for 45 degree cracks across corners                       of deck and seal as part of deck maintenance

-Semi-integral Abutments

         -No maintenance required on abutment, but look for openings in pavement just beyond                       the approach slab and seal with rubberized asphalt

PIERS

The most common types of piers used in Ohio include: 

                                                       -Wall Type

                                                       -Capped Pile 

                                                       -Hammerhead or Tee Type

                                                       -Cap and Column

                                                       -Multiple Column (no cap)  

WALL TYPE PIER

The oldest type of pier used in Ohio is the wall type.  This is a full height, rectangular pier extending form the ground line or streambed up to the bearing elevation.  The pier extends the full width of the bridge, supporting all beam members.  The most common type of material used for this type of pier is concrete (although stone was used for the older types).  If the bridge is continuous over the piers (no expansion joint), there is very minimal maintenance required.  If the bridge has multiple simple spans with unsealed joints over the piers,  the pier seat must be rigorously maintained by power washing and sealing.  Stream scour can be a threat at the base of the pier on bridges over water, but this will be discussed under Stream Maintenance.

Preventive Maintenance Recommendations:

           -If no unsealed deck joints over pier; no maintenance required

           -If unsealed deck joint over pier; power wash annually and seal with silane/siloxane                          every 5 years or epoxy/urethane every 10 years

CAPPED PILE PIER

The capped pile pier consists of multiple piles driven into the ground in one straight line.  The most common type of piling used for these piers is steel.  Most commonly the piling is H-piling, but it also can be round or round-fluted (both filled with concrete)  The piling extends above the ground or streambed to a point just below the seat area.  The top of the piling is capped by a continuous reinforced concrete cap, generally extending the full width of the bridge.  This is probably the most common type of pier used in Ohio primarily because it is cheap and easy to construct.  As in the wall type pier, this type of pier requires very little of maintenance unless it is located under an unsealed joint in the deck.  There is, however, concerns about the steel piling at the groundline or waterline.  Many times, the piling was encased in concrete at the groundline or water line.  This provided protection to the piling at this vulnerable location since it very difficult to clean and paint the steel piling at these locations.  Protection needs to be provided for all the types of steel piling, no matter whether it H or round, because the steel is relatively thin and can corrode through before it is noticed at the groundline (or in the streambed).  The most common and recommended type of protection is provided by polyethylene pipe filled with concrete.  The protection should extend at least 2' below the groundline or streambed line and extend up at least 2' above the groundline or the normal water elevation.

Preventive Maintenance Recommendations:

-If located under an unsealed deck joint; power wash annually and seal with silane/siloxane               or epoxy/urethane

-Provide concrete encasement on steel piling at ground or water line

TEE TYPE (HAMMERHEAD) PIER

This type of pier is a more modern type pier than the wall type and is commonly used when a taller pier is necessary.  It consists of rectangular stem capped with a cantilever type cap.  This is cheaper to construct than a wall type pier because not as much concrete used and it is less intrusive to streams.  There is generally not much maintenance required for this type of pier unless it located under an unsealed deck joint.  In this case, power washing and sealing is required.  Occasionally, the cantilever pier caps develop small vertical cracks which are wider at the pier seat area and extending down to the pier stem area.  These cracks can be epoxy injected (generally by separate contract), which will be explained in the Repair Section of this Manual.

Preventive Maintenance Recommendations:

-No maintenance required unless located under leaking deck joint; in which case, power wash               and seal, as previously explained

-Check for vertical cracks in pier cap and consider epoxy injection (to be in discussed later               sections)

CAP AND COLUMN PIER

This type of pier was commonly used in the construction of the interstate highways in Ohio, especially for highway overpasses.  It consists of three or more round (3' diameter) reinforced concrete columns capped with a continuous pier cap (3' to 4' thick) forming a rigid frame.  These have been fairly maintenance free unless they happen to be situated under a leaking deck joint or unless they happen to be a shoulder pier (located next to the highway shoulder).  We have already discussed the effect of leaking joints and the preventive maintenance techniques.  If these are shoulder piers, the most common type of problem has been surface delamination or spalling of the portion of the column facing the direction of travel.  The spalling occurs as a result of these columns being in the splash zone.  The passing traffic and/or snow plows throwing slat laden snow against the columns causes eventual corrosion of the reinforcing steel and subsequent delamination of the cover concrete.  The common preventive maintenance recommendation is to power wash and seal.  Occasionally, this piers have also been subjected to collision damage and/or fire damage caused by the collision.  Not much can be done to prevent these accidents, but it helps minimize the damage if concrete barrier is installed in front of these piers rather than deep beam guardrail.  This is common practice now and is usually done when the highway is upgraded.

Preventive Maintenance Recommendations:

-If situated under a leaking deck joint, power wash pier cap and seal with silane/siloxane or               epoxy/urethane

-If pier is located in the splash zone (shoulder pier), power wash columns annually and seal                with silane/siloxane or epoxy/urethane

MULTIPLE COLUMNS (NO CAP)

These types of columns were also used commonly on interstate highway bridges, especially on skewed bridges where the length of the pier cap on a cap and column pier became cost prohibitive.  In this case, the pier cap was eliminated and a single (3' diameter) concrete column was constructed under each beam.  These types of piers were also fairly maintenance free unless they happened to be located under a leaking deck joint.  In the rare case of collision damage however, these types of piers are more vulnerable because they do not have a continuous cap across the top to provide lateral support.  A few have been pushed over far enough so that they are no longer supporting the overhead beam.  This does not cause catastrophic collapse of the bridge, but does necessitate partial closure of the bridge until it can be repaired.  This situation can be minimized by installing concrete barrier instead of deep beam guardrail in front of the shoulder piers.  In addition, concrete struts between the individual columns up to the level of and behind the barrier should be installed to provide additional lateral restraint for the columns. 

Preventive Maintenance Recommendations:

-If located under a leaking deck joint, power wash tops of columns and seal with                               silane/siloxane or epoxy/urethane

-If a shoulder pier, power wash portions facing traffic and seal with silane/siloxane or                      epoxy/urethane

-If a shoulder pier, install concrete barrier in front of columns and install concrete struts                    between columns

STREAMBED MAINTENANCE

More bridges collapse each year because of scour (undermining of foundations by water action) than by any other reason.  Many of these collapses could have been prevented had some preventive maintenance measures been undertaken.  Some of the most common streambed problems are:

                      -Debris buildup on piers

                      -Stream migration (laterally)

                      -Stream alignment (with bridge)

                      -Gravel bars (with growing vegetation) in front of piers

                          -Streambed lowering (caused by downstream gravel removal or by streambed                                     gradient)

                     -Cattle gates

-DEBRIS BUILDUP ON PIERS

This is the most common type of problem associated with streambed maintenance.  The buildup of limbs, trees and other debris not increases the lateral load on the piers during periods of high flow, but also increases the likelihood of scour.  Because the waterway opening is significantly reduced under the bridge, the water speed increases as it passes under the bridge.  This causes scour of the streambed and if the foundations are not on piling or if the piling is not long enough, the bridge will loose its support.  Some streams have a history of carrying a lot of debris during periods of high flow and some bridges on those streams have a history of collecting debris.  Bridges over these streams should be checked at least once per year and after/during every flood.  Also, capped pile piers tend to collect more debris than smooth wall type or tee type piers.

Preventive Maintenance Recommendations:

-Clean debris off piers annually and after every flood

STREAM MIGRATION/ STREAM ALIGNMENT/GRAVEL BARS

Streambeds tend to naturally wander and even though the bridge was originally centered on the stream, the stream may now be off to one side of the bridge.  The bridge may have been designed to have a pier on each side of the stream, but due to stream migration, the water now directly strikes a pier.  This can cause undermining of the foundation(scour), which can be catastrophic, if the bridge is not on piling.  In some cases, streams parallel the highway for a distance and then cross over to the other side.  In this case, the bridge was built to get the highway across the stream, but the stream has a sharp bend at the bridge.  These abrupt changes in stream direction also increases the likelihood of scour because the water has to flow faster in the outside of the curve of the stream and thus causes scour of the stream bank or under foundations.  Likewise, the water goes slower on the inside of the curve, which causes sediment to be deposited, which becomes a sand/gravel bar.  This scouring of the outside of the stream curves and buildup in the inside of the curve feeds on itself and if left uncontrolled, can breach a bridge.  It is much easier to provide bank protection, especially on the outside of stream curves before it presents a problem, than it is to correct a errant stream later.  The most common type of bank protection is riprap or dumprock.  Other types of bank protection is also available including geotextiles and precast concrete blankets.

Preventive Maintenance Recommendations:

-Provide bank protection on the outside of stream curves, especially immediately upstream               of bridges

-Armor piers or abutments at the waterline with riprap/dumprock

-Keep gravel bars cleaned out immediately upstream of bridge

STREAMBED LOWERING

Streambed lowering can occur just due to normal degradation on streams with significant drops in elevation due to the topography.  It can also occur as a result of individuals or companies removing gravel downstream of the bridge.  In either case, streambed lowering can significantly affect the structural integrity of a bridge if the foundations were not designed for the possibility.  The most common method of preventing unwanted streambed lowering is by placing riprap/dumprock across the streambed about 10' to 15' wide immediately downstream of the bridge.  The riprap/dumprock cross section should be trapezoidal in shape with the sides being higher than the bottom.  On wide streambeds, a portion of the of the trapezoidal shape armored bottom should be slightly lower (1' to 2') to encourage the stream bed to stay in the middle of the original channel.  On some larger streams, the trapezoidal weir across the channel may have to be constructed out of two lines of steel sheet piling (about 20' apart) driven into the streambed 15' to 20' deep.  The portion between the two lines of sheet piling is then filled with dump rock to slow the water down.

Preventive Maintenance Recommendations:

-Place line of dump rock/riprap across streambed immediately downstream of bridge

-On larger streams, two lines of sheet piling filled with dump rock may be necessary

APPROACH SLABS

The transition slab between the bridge and the approach pavement.  The approach slab acts as an intermediate bridge to span the portion of embankment directly behind the abutment/backwall which was excavated to construct the abutment/backwall.  This area is difficult to compact after construction of the abutment/backwall and is prone to settlement.  The approach slab bridges the gap between the rigid abutment and the undisturbed embankment beyond the area excavated.  On completely new roadways (new alignments), there may not be an area of embankment that will not settle somewhat even with optimum compaction; thus the pavement end of the approach slab may still settle creating an uneven transition onto the bridge.  Settled approach slabs, if left uncorrected, cause undue impact upon the bridge; especially from trucks.  It is therefore important to keep the approaches to the bridge as smooth as possible.

Another common problem with approach slabs up until the early 1980s was the connection to the backwalls.  The approach slab rests in a notch on the back of the backwall which has 6" ledge.  Quite often this ledge would shear off allowing the approach slab to drop down directly behind the backwalls.  This condition was very difficult to repair without complete reconstruction of the backwall and the approach slab. One very effective method of raising settled approach slabs without complete reconstruction is called mudjacking. This is the method of drilling holes through the approach slabs and injecting a grout.  Another method recently introduced into the market is the use of expanding urethane foams.  Both are effective ways of raising approach slabs and will be discussed under the Repair section of this Manual.  Since the early 1980s, the approach slabs are now tied to the backwalls with an array of reinforcing bars which will not allow the slabs to break away from the backwalls.  In any case, it is important to remember that approach slabs are designed to bridge over material prone to settlement.  Most all existing slabs have voids under them so it is important to watch for signs of settlement.  One sign of possible problems is the existence of ground hog excavations under the edges of approach slabs.  These should be filled or covered up with rock as necessary.

It is unlikely that approach slabs will fail structurally because of their thickness 15" and the large amount of reinforcing steel in the bottom.  In some cases, the surface may spall or scale like a bridge deck and in these cases, repairs are similar to that of bridge decks.

Preventive Maintenance Recommendations:

-Keep joints between the backwall and the approach slab sealed with rubberized asphalt

-Keep groundhogs from establishing homes under slabs

CULVERTS

The traditional definition of a culvert is a small structure that forms a hole through an embankment and has no superstructure, substructure or deck.  This definition has become somewhat distorted in recent years with the introduction of the precast concrete long span three sided boxes and the precast concrete four sided boxes which can be installed with no fill on top of them.  The traditional culvert was a simple round shape constructed of galvanized corrugated steel or of reinforced concrete.

CORRUGATED METAL , GALVANIZED STEEL PLATE

In the mid 1960s, the corrugated metal pipe arch was introduced.  This shape had a relatively flat bottom and a circular to with rather sharp radius corner plates.  This shape was more efficient hydraulically especially during periods of low or moderate flow because it allowed a greater flow of water with less disruption than a similar round shape.  These culverts were constructed of multiple plates which had to bolted together in the field.  One problem with this type of shape was the difficulty in compacting the backfill around it, especially around the sharp radius bottom corner plates.  This shape also required that the bedding material be shaped to match the slight curvature of the bottom plates.  This shaping was difficult to do and compacting around the corner plates took extra care, which many times was overlooked.  Since corrugated metal structures are completely dependent on the quality and compaction of the backfill material around them to gain their strength, these types of structures often settled unevenly and/or developed cracks in the bottom corner plates.  Galvanized corrugated steel structures were also prone to corrosion in the bottom plates.  Since the steel plate thickness is relatively thin, it relies on the galvanizing to protect the steel.  The galvanizing also very thin and once the galvanizing wears away from abrasion of sand and gravel in the streambed, the relatively thin steel corrodes through rather quickly.  These types of structures are also prone to corrosion in the top plates caused by road salts migrating through the embankment; especially under the shoulder areas of the roadway.  The plates are bolted together through the use of slightly oversized holes (to allow for fit-up) and leakage tends to come through these bolt holes.  Not much can be done to correct some of these problems, however, if corrosion is starting to occur on the bottom plates, the deterioration can be slowed or stopped by placing a concrete bottom in the culvert.  This will be discussed further in the Repair section of this Manual.

FOUR SIDED PRECAST CONCRETE BOX 

The four sided precast concrete box culvert was introduced in Ohio in the mid 1970s.  Originally designed and built with 10' and 12' spans and various rises, these were cast in 6' to 8' segments, shipped to the job site and set in usually one day.  The segments are joined together with a tongue and groove joint.  The outside of the joints were waterproofed or in some cases the entire top and sides of the boxes were waterproofed.  These box culverts have relatively thick walls (12") and are not dependent on the quality and compaction of the backfill for their strength; however, proper backfill techniques were necessary to eliminate settlement of the roadway on either side of the culvert.  They are also designed to be installed with no cover, thus allowing for greater hydraulic efficiency than the corrugated metal structures.  These structures are now available in spans up to 18'.  These structures have been relatively maintenance free; however, joint leakage and lack of adequate concrete cover over the reinforcing has been a problem in some cases.  Not much preventive maintenance can be accomplished on these structures other than making sure they are kept cleaned out and that the water is not restricted at the inlet.  The inlet and outlet should also be checked for scour holes and dump rock added as necessary.

ALUMINUM BOX 

The aluminum plate box culvert was introduced in Ohio in the mid 1980s.  The structure consists of corrugated aluminum plates bolted together in the field.  The shape consists of slightly inclined, straight side plates bolted to relatively sharp radius top corner plates joined to flat top plates.  The spans range from 10' to 18' with various rises available.  Some designs consisted of a full invert (aluminum) flat bottom.  These were placed on compacted granular bedding and backfilled.  The advantage of this shape was that it could completely constructed up on the roadway and lifted into the excavation in one piece.  A few were built with the sides bolted to footer plates that were placed several inches below the streambed.  Others were built with the sides bolted to an angle embedded in concrete strip footers cast in the streambed.  These are probably more durable and not as prone to improper backfill than the others, but they also were more complicated and time consuming to construct because of the need to excavate, form and pour strip footers in the stream prior to installation.  All the aluminum box culverts were constructed using structural aluminum ribs bolted to the barrel which adds stiffness.  Not many problems have been reported with these structures to-date.  The aluminum is probably more durable than the corrugated steel structures because the structure does not rely on a thin (galvanized) coating to protect the parent metal.

THREE SIDED PRECAST CONCRETE

The three sided precast concrete culvert was introduced in Ohio in the mid 1980s a second generation to the four sided box culvert.  By eliminating the bottom slab of the four sided culvert, the span could be increased without a significant weight increase (for shipping purposes).  There are two types of three sided culverts; the flat top and the arched top (Conspan).  The three sided culverts  must be placed on cast-in-place concrete footers.  The flat top culvert is similar to the four sided culvert in that it needs no fill and can be driven on.  The arch top culvert needs a minimum of 2' of fill.  The arch top culvert is available in spans of 42' and does have some dependence on proper backfill for its stability.  The flat top does not.  Similar to the four sided boxes, the three sided culverts are precast in segments 4' to 6' wide and have butt joints instead of tongue and groove.  The joints are waterproofed before backfilling and in some cases the entire top and sides are waterproofed.  Again, these structures have been relatively maintenance free with some joint leakage reported as well as some inadequate cover over the reinforcing steel.  These structures should be used in areas of limited fill over top because they cannot support large fills.  At least one partial failure of an arched top has been reported due to too much fill and improper placement of reinforcing steel.  

It is critical that the owner of these types of culverts be on the lookout for evidence of erosion (scour) under the culvert or around the sides of the culvert.  All should have properly designed and constructed headwalls and cutoff walls; especially on the inlets.  It is also important that the inlet and interior be kept clear of debris and vegetation

Preventive Maintenance Recommendations:

-Pour concrete bottom in corrugated metal structures if corrosion of base metal has started

-Keep interior of structure cleaned out

-Remove vegetation and debris from inlet

-Place dump rock/riprap 

-Along exposed footers

-Both sides of inlet

-At outfall

-Remove saplings/trees growing in embankment above culvert

          -

