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1 - Defining Maintenance Treatments for Historic Bridges
1.1  Introduction

Thisgudance is intended as a fiuserso6 manual 0 to
effectively manage the stateds remarkabl e ass
bridges. From early cast and wrought iron pony truss bridges that didgdoto make the metal

truss bridge one of the most important inventions of the 19th century to those that reflect the Ohio
Hi ghway Depart ment-20Bircentiny empliasis on aestbetics aritheé oldest
prestressed concrete | beam bridge ircthentry, historic bridges are located in all parts of the state.
Because of their recognized significance and distinction, historic bridges are worthy of preservation,
which starts with cyclical and routine maintenance to ensure theutéomgviability. Owners and
managers are encouraged to be proactive about routine maintenance so that these bridges continue to
be useful as transportation facilities as well as valued artifacts from our past. While this manual is
primarily directed toward historic brigg, the treatments are certainly applicable to and appropriate

for all older bridges.

Maintenance and preservation guidance for wood truss bridges is addressed in tGe\Z068
Bridge Manuaproduced as part of the National Historic Covered Bridged®vation Program. Itis
available at the websitgtp://www.tfhrc.gov/structur/pubs/04098/index.htm

Successful maintenance/conservation strategies include routine maintenancesathiaitiare
obvious but sometimes are not performed. The best and most cost effective strategy remains to
perform routine maintenance activities and to address problems when they first manifest themselves.
It is a timehonored truism that lack of propeamtenance results in more extensive and expensive
rehabilitation work that could have been avoided. Fortunately, there are many effective and often
very economical procedures that, when performed regularly or when problems are first noticed, will
prolongthe useful life of a bridge.

Once deterioration is identified, the best maintenance practices are those that address the source(s) of
the problem, not just the manifestation(s) of the problem. For example, patching an eroded section
of a concrete piesinot a longerm solution if the failed deck joint causing the deterioration is not

also addressed. Similarly, applying shotcrete to spalled reinforced concrete that has chloride
infiltration and/or corroded reinforcing steel does little more than agvére underlying causes of

the spalls. Quick fixes like these can do more harm than good because the reason for the
deterioration has not been addressed. The best strategy remains to perform routine maintenance and
preservation activities that addressigems when they appear and before they affect other bridge
components.

1.2 How Manual is Organized
This manual addresses effective and appropriate measures for preservation and rehabilitation, the

two treatments most associated with maintaining lee®ping historic bridges in service. The
information is organized by material and bridge type. To assist with understanding some common
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sources of deterioration related to materials, a chapter on materials commonly used to construct old
bridge types haalso been provided. Under each bridge type are listed appropriate preservation and

rehabilitation treatments that conform to generally accepted preservation/conservation practices.
Additional sources of information are cited in a selected bibliographyhaenappendices.

1.3 Intent and Direction of Guidance
1.3.1 Types of Work Appropriate for Historic Bridges

Since historic bridges, those that are listed in or are eligible for the National Register of Historic
Places, are considered worthy of prgagon, work to them should support that goal. Needed
maintenance and repair should not do more harm than good, like repointing stone masonry with
Sakcretewill do, or destroy historic fabric or detailing, like not keeping drains functioning on
reinforcedconcrete deck arch bridges will do. Using treatments that balance maintaining and
upgrading historic properties like bridges while conserving historic fabric has been an effective
practice in this country since the 1930s, and much has been learned eoviactiies. The
Department of the Interior has always been the agency responsible for advising all federal agencies

on preservation of historic properties. Since the mid 1970s, the National Park Service, which is part

of the Department of the Interior, hasovided sound and practical guidance for appropriate
approaches in the form of 10 broad standards or guidelineskndwha& Secr et ary of t
Standards for Rehabilitation The Standardsare widely used, commesense guidance that
encouragesetaining and conserving sound historic material and replacing deteriorated material in

kind and in character with the original. They have become the definition of acceptable work for
historic resources. If work is determined to méleé Secretary ofthent er i or 6s St and
Rehabilitation then it is deemed acceptable and appropriate Stdrelardsre the measure against

which federally funded or permitted bridge rehabilitation work is evaluated (whether the work will

have an adverse effect or not).

In 1992, the National Park Service recognized that there were types of work, or treatments, to
historic properties in addition to rehabilitation. The standards for rehabilitation were expanded to
include guidance for preservation, reconstruction, astdnagion as well. The expanded guidance is
knownasThe Secretary of the | nt er jaodtheisintéhtriset@at me nt
outline a hierarchy of actions in addition to specific guidance. So, for example, if it was determined

that themaintenance work needed was more in the nature of conservation rather than rehabilitation,
the appropriate | evel of action, orTrdatmensst ment ,
overayThe Secretary of the | nionevithiadierérchy oblevalsnol ar d s
treatment, the guidance and definitions of what are balanced and appropriate treatments remains
rooted in the trieghndtrue original ten Standards. They still remain the best source of guidance for

how to sensibly and fefctively maintain historic properties for current uses.

The Secretary of the Interiords St &@e98)dards f o
preservation and rehabilitation are included as Appendix A.
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1.3.2 Defining Levels of Treatment

The Secretary of the I nterior6s Sdefmesddistidts f or
but interrelated hierarchy of approaches that define appropriate types of work associated with
preservation of historic bridges preservation and rehabiltation. Both preservation and
rehabilitation emphasize retaining existing fabric whenever possible or, when it is too deteriorated
and must be replaced, that new material is an in kind replacement of the existing and/or historic
feature. Most of the wkrto maintain historic bridges will fall under preservation or rehabilitation.

Refer to Appendix A for the standards for the specific treatments.

Preservationis the treatment most associated with the cyclical work needed to keep bridges in good
repair It targets the maintenance and repair of existing historic materials and retention of a
propertyodés form as it has evolved over time. F
measures necessary to sustain the existing form, integritynatedals of a historic property. Work

generally focuses upon the ongoing maintenance and repair of existing materials rather than their
replacement, but limited and appropriate upgrading is included within preservation. Successful
preservation strategs include routine maintenance activities that are obvious but sometimes are not
routinely performed. This includes tasks such as ensuring that all drains are kept open and in good
repair, seasonally removing accumulated debris, washing the bridge, apohgkesteel
painted/coated.

Rehabilitation acknowledges the need to modify or add to a historic property to meet continuing or
changing uses while retaining the propertyos
making possible an etient compatible use for a property through repair, alterations, and additions

while preserving those portions or features that convey its historical, cultural, or architectural values.

This can include making a bridge stronger in order to accommodatrmiodds or adding safety

features. Historic bridges should be rehabilitated in accordanc&wite Secr et ary of t
Standards for RehabilitatiorThese standards provide practical considerations to guide upgrading
historic bridges that als@sult in preserving what makes them historic.

Figure 1.3.21. Work to the 1886 Buckeye
Bridge Works (Cleveland) double
intersection Pratt thru truss bridge was done
using two different treatments. The truss
lines were conserved in accordance with The
Secretary of t he I nterior
preservation while the deteriordte
floorbeams were rehabilitatedsing the
original riveted construction technique. The
old beams served as the pattern for the new
beams. All preservation and rehabilitation
work was completed after the bridge was
disassembled.
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1.4  Other Available Bridge-Specific Information

To develop successful historic bridge rehabilitation treatments, it is important to first understand
what it is that makes a bridge historic and wiatipns or features of the bridge contribute to its
historical significance so that they can be preserved. Within specific bridge types, not all elements
are equally important. Decks and stringers that are part of a flooring system, for instance,rare seldo
important to the historical or cultural values of a truss bridge. Features such as pinned connections
of a truss bridge or the scale of a common bridge located in a historic district, however, can be
important. For more information on specific bridgasysult the historic bridge survey form that

was completed for each pt®60 bridge in the state available at the website,.buckeyeassets.arg

Wood truss bridge i nfor mat i dheNatiana Histoeic Coxerech d a't
Bridge Preservatiohttp://www.fhwa.dot.gov/bridge/covered.cfm

Sources of additional information are also cited at the end of specific sections.

Selected Natioal Park Service Preservation Briefs, technical ftowata that represents generally
accepted treatments of concrete and masonry, are included as Appendix B. Although prepared to
primarily address buildings, the information is relevant and applicablasommy bridges.
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2 - Materials T Properties and Common Problems

An important first step in developing effective maintenance/preservation and rehabilitation
treatments is to understand the properties of the material used to construct the bridge and the
common types of deterioration associated with them. This knowledge can then be used to identify
appropriate strategies that address the source of the problem and, jpreatdetistielay; its return.

The most common materials used in the construgidn Ohi o6s hi storic brid
reinforced concrete, stone, and wood. Unreinforced or plain concrete and iron were also ased, but
not as common

2.1 Stone

Stone is a permanent but brittle material noted for its compressive streegitstsbngth, moisture
resistance, and durability. It is best suited in compression applications such as for an arch
superstructure, abutment, pier, wingwall, or retaining wall. In the 20th century, stone was
increasingly used as a veneer material on oedeid concrete bridges, particularly arch aga

frame typesThe natural divisions in rocks (igneous, sedimentary, and metamorphic) are related to
the molecular shape of the material so that the manner in which a given stone will break depends on
its aystalline structure. How stones will erode or deteriorate is related to several specific
characteristics like its porosity, hardness, and the nature of the constituent minerals.

Stone masonry is classified by the pattern in which it is laid up. Urddéieédstone laid up in a
random pattern with no alignment of joints is referred to as rubble. Rectangular shaped or dressed
stones are called ashlar or random ashlar depending on whether the horizontal joints are aligned or
not. Dressed stones can haw@sgety of face finishes including smooth, rusticated (a choppy, jagged
finish), pecked with a bush hammer, or tooled (a grooved finish). They can also have tooled margins.

[ C | I
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RUBBLE ASHLAR RANDOM ASHLAR

Figure 2.1-1. Common Stone Masonry Patterns
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2.1.1 Common Stone DeterioratioProblems

The durability of stone is dependent on its natural characteristics to resist the weathering effects of
climatic, environmental, and usage conditions. Deterioration affects not only the individual stones
themselves but also the stone struchse unit. Stone decay is a complex problem involving a
number of factors, but it is always associated with the presence of water.

Cracks

Even though stone has excellent compressive strength, it is considered a weak material when
subjected to tension drending forces. Cracks agenerally a manifestation ¢énsilestresses.

Cracks can result from a variety of conditions such as settlement, increased lateral earth pressure, or
impact damagd.ocalized differential expansion or settlement ofthestractus f oundat i on
often results in fracturing of the stone and subsequent weakening of the structure.

Figure 2.1.1-1. Cracked ashlar
masonnat an abutment. Cracks like the
ones shown are most likely due to
settlement of the abutment arasloads.
Note moisture seepage frofoints
between masonry units Seepage
indicates a possible lack of drainage that
may result in excessive hydrostatic
pressures that may cause additional
tensile stresses in timeasonry

Cyclic Freezing

The deteriorbion of stone due to freezing cyclescaused byvater trapped in small pores and
cracks. Upon freezing, the moisture expands and causes further cracking that in turn allows room for
more water to be trapped and for cyclic freezing to accelerate deienorfareeze¢haw cycle
damage can result in cracking, exfoliation along natural bedding planes, or delamination. It can also
dislodge individual stones and sections of the bridge. Debris accumulation can also accelerate this
process because the stonesusmable to dry out.

Dirt and Vegetation

Whenever suitable conditions of dampness, warmth and light occur, algae, lichens, mosses, and
higher plant life will cultivate. Their development is aided by other natural conditions like wind
blown dirt onto surfees and into crevices, debris accumulation from overhanging vegetation, and
bird droppings. Vegetation accelerates erosion and deterioration of stone and any mortar connecting
the stones as a unit.




Ohio Historic Bridge Maintenanand Preservation Guidance

Movement

Water trapped behind a stone wall can expapah freezing and cause movement of individual
stones or parts of the wall, including the arch ring of a stone arch bridge. Under repeatéddveeze
cycles, stonesanbecome dislodged @tonewalls canbow and eventually collapse. Vegetation
growing o the walls or tree roots in close proximity to the masonry can also trigger movement with
the same result.oads on a bridge in excess of what the masonry unit can withstaradso result in
movement. ; ‘ - -

Figure 2.1.1:2. The combination of
failed matar joints, repeated freeze
thaw cycles, and growth are causing tlpg
wingwall to fail. Note hbilging and
dislodging of stones. These probler
are common when routine maintenan
is not performed on a regular basis.

Acid Attack

Acid attack refergo the corrosive action of acidic rainwater, which can dissolve the intergranular
cement in some stone types like sandstones, limestone, and marble and weaken the structure of the
stone. Winddriven rain, stream channel flow, and drainage runoff over tiilleabrade and
mechanically erode stone surfaces.

Mortar Joint Failure

Lime-based mortar, which is subjected to many of the same deterioration factors that affect stone,
was used to construct most 19th century and early 20th century stone bridgese-Daséd setting

and pointing mortars are generally and purposely softer/weaker than the stone, so it may exhibit more
decay more quickly than the stones it joins. The mortar is porous and changes little in volume during
temperature fluctuations. It iggihtly water soluble and thus able teseal any hairline cracks that
develop Twentiethcentury mortar that uses Portland cement as a primary binding material is subject
to the same types of deterioration. h& mortar joints fail, moisturgenetration elated
deterioration of stone and the structure itself is rapidly accelerated.

2.2 Wood

Wood is a biological material. It is a hard, fiborous material made up of elongated, round or
rectangular tubdike cells that are found beneath the bark of a ree.cell walls are cellulose, and

they are bound together by lignin, which makes the wood sdligées are classified as either
hardwood or softwood, but the terms are not necessarily a description of the physical properties.
Most structuratimber (excep for timbertruss members) comes from softwood species.

9
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The physical properties of wood vary from specie to specie. This is due to the different growth
characteristics and varying environmental factors the specie is subjected to during growth. Some of
the more important growth characteristics that affect its strength and other structural properties are
moisture content, knots, splits, slope of grain, and decay. Wood is very good in compression, and it
has good fatigue characteristics because it carosupigher stresses if the stresses are applied for a
short period of time. This makes wood an ideal material for bridges. While it is not uncommon to
find exceptions, 380 years is generally the life expectancy of exposed wood bridge members.
Timberbridges generally have a great deal of in kind replacement material that has been placed as
part of routine or enhanced maintenance.

2.2.1 Common Wood Deterioration Problems

Commonproblems associated with wood range from moistel&ed decay, insedamage, fire, and
degradation of the lignin.

Decay and Insect Damage

Decay is caused by organisms like fungi, bacteria, marine borers, and insects that feed on the wood
cells. Their presence results in the loss of substantial portions of the matedhlcauses the wood

to weaken. Once established, these organisms continue to grow if oxygen, suitable temperature
range, food, and water are present. Depriving the organisms of any one of those conditions by
treating the wood with preservatives will effigely curtail or slow the decay process. Organisms
generally thrive in temperatures between 70 and 85 degrees Fahesmth&ibernate below 32
degrees

Degradation of Lignin

When wood is exposed to ulialet rays over extended periods, it undergoelseamical reaction

that causes a phoethemical degradation in the lignin. As a result, the wood surface develops a
grayish color (weathering). As the wood degrades, the wood cells near the surface are destroyed
exposing the wood cells beneath. This kihdegradation is a very slow process and iswatally

a structural concern

2.3 Steel & Iron

Even though steel, wrought iron, and cast iron are ferrous metals, there is considerable difference
between them with respect to their chemical and physiogkrtiesAll are manufactured from pig

iron, a class of iron alloys containing approximately 3% to 4.5% carbon and small amounts of other
elements. Pig iron is produced by the reduction of iron ore in a blast furnace.

Castironis made from smeltintipe pig iron that flows directly from the blast furnace. The material

is thus high in carbon and impurities, but it is cheap, easy to pour and mold, high in compressive
strength, fairly hard, and resistant to abrasion. With these advantages, it waslahaggrial for

early metal bridges. Howeveit has some serious weaknesses. The presence of the carbon as

separate flakes of graphite makes cast iron brittle and relatively low in tensile strength. Additionally,

the quality of the material varied greaftlom foundry to foundry and could not be predicted exactly.

10
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It is most oftenfound in early metal truss bridgere-1894) for cast connectingiecesor
compression members. It was also used for railiragigng posts, anthosses

Figure 2.3-1. Cast iron castings for
upper panel point connection. Truss
members are built up from wrought iron
shapes. Wrought Iron Bridge Cased

| these connecting pieces through the
& early 1890s. Note how unpainted
Q. wrought iron resists corrosion.

Wrought iron is refined from pig iron that has been manipulated a material in whiclearbon

forms less than 0.1% and the total proportion of impurities is no more than 0.4%. It is the oldest type
of iron, and withvirtually no carbon, it is not brittle likeast iron. Wrought iron is ideal for rolling,
impact shaping, and even splitting. Its long fiber structure and mechanical working give it a
relatively high tensile strength and elasticity. It also has idpieelst resistance to corrosiohall

ferrous meta other than special alloy steels.

Steelembraces a wide range of ferrous metals developed for specific purposes and is well suited for
structural shapes. It is intermediate between wrought and cast iron in the percentage of carbon that it
contains.The introduction of alloys increases the strength and desirable properties of steel. The
chemistry of steel is complex and depends not only on the initial ingredients but on the process by
which it was produced. The presence of carbon distributed in various fimparts a definite but
intricate internal structure to the metal that is the basis of its wide range of superior physical
properties. It is much stronger than cast and wrought iron in all ateasion, compression, and
resistance to impact and fairg Steels argusceptible to corrosidrust) which can be prevented by
maintaining a protective coating such as paint.

Structural steels prior to 1890 were Bessemer process steels. After 1890, structural steels consisted

of openhearth process stedBessemesteel is a loncarbon, moderate quality, general purpose steel

that was produced largely for the production of railroad rails and is more brittle and has a lower
strength than the opédrearth process steel. Open hearth steel was first mamaidat this country

in 1886 at Cleveland. The quality of the ogerarth steel, which is produced at a much more
leisurely rate than the iflinute Bessemer blow, could be examined and tested to ensure good
quality. In 1896, Andrew Carnegie notéd E n grs areeadl specifying for open hearth steel. It is
impossible to sell Bessemer steel for bridges, boiler plates, ships, or even for those enormous 22
story steeframe buildinggvhi ch ar e going up throughout the

11
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2.3.1 Common Steel and IrorDeterioration Problems
Iron and steel are susceptible to deterioration when left unprotected (unpairateghyerstressed.

Rust/Corrosion

Rust or corrosion is the general disintegration of surface metal through oxidation. For rust to form,
three corponents must be present: oxygen, water, and electrolyte. Rust results in the loss of material
(section) that then lessens the strength of the memban. and most grades of steel will rust.
Wrought iron has the highest resistance to corrosion (rustiad))ferrous metals other than special

alloy steels. Steel has the least resistance.

Another source of corrosion is chemical corrosion, especially when moisture is present. Deicing
salts are a common source of chemical corrosion.

Fatigue and Fracture

Fatigue is the tendency for a metal member to fail at a lower stress when subjected to cyclic loads,
such as live loads on a bridge, than whénsubjected to a static loading. It occurs when the metal

is subjected to repeated load variations or redersf stress (cycles). After a certain number of
cycles, cracks are initiated and propagated at critical points. When propagation of the crack reaches
its critical dimension, fracture of the member occurs. The number of cycles to initiate a crack and
propagate it until fracture is dependent on the magnitude of the ilo#los memberproperties of

the metal, design details, and external environmental conditions such as tempexajupze

existing notch or discontinuity caccelerate the fatigue cycleatigue and fracture cracks are more

likely to appear in tension members

Because of its high ductility, wrought iron is known to be relatively insensitive to notch effects and
unusually resistant to overstress. The presence of slag fibers giveatr@aiioughness and
deflects slip planes that contribute to fatigue failure. The slageaisis taesist the formation of
cracks.

2.4 Concrete/ Reinforced Concrete

Concrete consisbf sand, gravel, crushed stone, slag, or other coarse matauiad, together with a
cementitios medium such as lime or ceménhen water is added, the mix undergoes a chemical
reaction and hardens. It is an extraordinarily versatile material, and it is used for utilitarian and the
monumental bridges alike. Concregenoted for its strength, moldable qualities, and abrasion
resistance. It has good compressive strength but little tensile strength. Tensile strength is provided by
introducing internal metal reinforcement, generally as deformed reinforcing rods platted in
tension zones. Reinforced concrete came into common use in bridge construction in this country by
about 1905.

The most common binder for concreteed in bridge construction Portland cement. Portland
cement is a manufacturegment that is al@sely controlled, chemical combination of calcium,
silicon, aluminum, iron, and small amounts of other ingredients to which gypsum is added in the

12
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final grinding process to regulate the setting time. Portland cement was first produced in this country
in 1871. It replaced natural or hydraulic cement during the 1870s and 1880s and was in common use
by 1890. Portland cement was more dependably uniform than natural or hydraulic cement, and it
could be produced in much larger quantities to meet theresreagg demandConcrets produced

from Portland cement can be extremely har@yesistant to movement of water, shrink upon setting,

and undergo relatively large thermal movements. Typidatistiand cement concrete is 7585%
aggregate. Admixtures can bgedto modify the properties of the concrete to make it more suitable

for the required task.

The character of concrete is determined primarily by the quality of the cevattpaste that binds

the aggregate. The strength of the paste, and ultimiggedrability, water tightness and other
propertiesare dependent on the amount of water used. If too much water is used, the paste is thin
and will be weak when it hardens.

2.4.1 Common Concrete/Reinforced Concrete Deterioration Problems

Concrete ad reinforced concrete deterioration may occur for two principal reasons: corrosion of the
embedded steel and degradation of the concrete itself.

Corrosion

Concrete typically protects the embedded reinforcing steel through its alkalinity. Corrosios occ
when the embedded steel is not protected and the steel is exposed to water, relatively high humidity,
and/or chemical corrosion. The chloride ions present in deicing salts or marine salt, when dissolved
in water, can cause the loss of passivationeratkaline concrete. When the chloride content of the
concrete at the level of the reinforcing steel exceeds 0.2 percent by weight of cement, the normal
passivating characteristics of the concrete are destroyed and corrosion of the steel can oceur. With it
protection degraded, the corroded steel expands significantly, resulting in expansive forces that cause
the adjaent concrete to crack and sp&lany older concrete structures are more porous than modern
concrete, which allows moisture and chloridegdnetrate through the concrete cover to the internal
reinforcing steel.

Carbon dioxide can also cause concrete to deteriorate by reacting with the cement paste at the surface
and converting very alkaline components to less alkaline carbonates. Carbapatially occurs

only at the surface, but it can extend to the level of the steel irqoadity concreteOlder bridges

were designed and constructed with less concrete between the surface and the internal reinforcing
steel. In combination with the n®porous nature of older concrete, the lack of concrete cover can

be the primary cause of spalls on concrete compon@misechlorides penetrate through the cover
thicknessthe concrete no longer protects the steel and corrosion begins.

Cyclic Freezng

Concrete is porous and permeable, and it absorbs moisture readily. Damage due to cyclic freezing
actions occurs when saturated concrete freezes. It appears as surface degradation such as scaling and
cracking. The presence of water in the material raip leach out the calcium hydroxide and cause
weakening of the paste bond and subsequently weaken the member or sivigrtara.concretes

13
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tend to be less permeable than older concretes.

Shrinkage and Creep

Shrinkagecancause cracks in the surface oficretedue to wlume changeat the time of pouring.

These cracksire not related to the application of loadEhe extend of shrinkage cracking is a
function of several factors, includingpe size and shape of the member, curing and ambient
conditionsrepeated cycles of wetting and drying, aggregate and cement content. In contrast, creep
occurs over thiong-term and is defined adeformation under sustained loads at stresses in the lower
half of the elastic range. Once shrinkagackingand creep haveccurred, they are not reversible.

Poor Workmanship

Poor workmanship is normally associated with inadequate cover of the embedded reinforcing steel,
inferior materials, improper construction techniques such as inadequate vibration, improper curing,
not properly graded aggregates,tbe use osome admixtures. These poor practices can result in
accelerated deterioration and reduced quality and strength of the concrete. Initial poor workmanship
can prove difficult if not impossible to prudently addrisssugh preservation or rehabilitation.
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3 - Preservation and Rehabilitation Strategies by Bridge Type
3.1 General Maintenance/Preservation Strategies For All Bridge Types

There are several routine maintenance practices that are applicable to athpedg& hey are also
among the most effective and least costly treatments, thus providing a great cost benefit to an owner,
yet they are rarely implemented. It is recommended that preservation of all bridges start with these
four good maintenance pramdis.

Remove Accumulated Debris Preferably on a Seasonal Basis

Removal of accumulated debris is the singlest cost effective maintenance practice for any bridge,

yet it israrely done with any regularitypebris accumulates on exposed horizontdhses such as

deck joints and abutment seats at the bearings of most bridges and on the lower chords of truss
bridges. Accumulated debris cawcelerate material deterioration and it should be removed
seasonallyThe presencef debrisgreatly reduces thevaporation of water and thereby provides
favorable conditions for metal to rust and for concrete and pointing mortar to deteriorate. Where
deicing salts are used, debris removal should also include a washing withresswre, clean water

wash each sprg.

Keep Concrete DecksExpansion Jointsand Drains in Good Condition

One of the most effectivmaintenancetreservation strategsfor any historic bridge with a concrete

deck is to keep the deck watertight. The possible sources of moisture pengtratiaffiailing deck

include cracked or deteriorated deck pavement, depressions in the deck that collect and retain water,
roadway drains that are clogged or not functioning properly, failed expansion joints, and leaking
utility pipes buried within the filof a closed spandrel arch.

Deck cracks should beealed ompatched, and scuppers and bridge drainage systems should be
cleaned and kept opeAcccumulations of dirt and debris should be routinely removed as they can
retain moisture.Any expansion joint®r sealsshould also be cleaned and kept in good repair or
replaced as needed.

If not already in place, adequate means of draining water away from the bridge should be installed.
Depending on the type of bridge, scuppers can be installed at the deaitleer on or adjacent to

the bridge. Weep holes or pipes wrapped in filadaric can be installed into cored holes placed
inconspicuously to drain any accumulated moisture.

Keep Vegetation Off Masonry Bridge Elements

Keeping bridges free of vegetatiprolongs the useful life of all types of masonry from mortar joints

to decks, concrete piers, arch rings, spandrel walls, wingwalls, railings and decks. Vegetation such
as lichen, moss, grass, or trees can break down both the masonry and the bondheetmasomry

units. This permits moisture penetration, deterioration, and when severe enough, can cause
movement of walls or masonry units. All vegetation should be killed and removed from masonry
bridges and/or units like wingwalls before it has the oppaty to grow and become well
established in the masonry. This includes curb lines.
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Figure 3.1-1. Growth and debris allowed wcumulate and flourish on bridges accelesaleterioration.
Trapped moisture expresses itself oerside of slab. Seasonally removing debris and keeping deck joints
watertight would have gnificantly slowed this failure

Enforce Load Limits

Many historic bridges were designed for lighter loadd require posting for the heavier trucks in

use toay. Often bridges arposted for restricted loads, but the posted restricticgignoredby the

public. Enforcing posted load restrictions protects the bridge from structural damage and prolongs its
useful life. Some jurisdictions have adopted programgiotect their posted historic bridges by
enforcing weight restrictions or by placing vertical clearance barriers on the amgsrusttie bridge.

Height restriction barriers can also be placed in
attempt to enforce posted load restrictions.

7 A

Figure 3.1-2. A frame prevents oversize
vehicles from reaching the portal of a histo
Phoenixsection bridge in New Jersey. T
bridge authority that owns the bridge tak
preservation Dits historic bridges, safety, an
enforcing load restrionsvery seriously.
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3.2  Steel Stringer Bridges
3.2.1 Appropriate Maintenance and Preservation Treatments Steel Stringer Bridges

Keep Concrete DecksJoints and Drains in Good Condition

Keep deck watertight by making sure thia joints/seals arintact, the drains are clear and the
concrete is not cracked. This will prevent deck concrete spalls that may be caused by expansion of
corroded internal reinforcing steel, as well as protect the baaarthe substructure unitem being
subjected t@ny extra water or debris that could promote corrosion or allow moisture to be retained
on the beams or pier capSeck cracks should ls®aledand scuppers and bridge drainage systems
should be cleaned and kept open. If not already in place, adequate ohemaining water away

from the bridge should be installeBxpansion joints should also be cleaned and kept in good repair

or replaced as needed.

Keep Paint or Coating System in Good Condition

The paint or coating system is the most significant raeicial tool for preservation of steel stringer
bridges A sound coating system will prevent corrosion of the steel and require little additional work

to the steel components. Paint/coating systems should be maintained. However, it is not necessary
to rush out and spot paint every small area of corraassahappears. A more cesffective method

of maintaining the coating systemay beto wait until several locations appear yet before the
corrosion has advanced to the stage that it is causing measkassbto the steel. If corrosion is

noted at common locations on multiple stringers, it may be prudent to paint all of the stringers at that
location. An example of this could be at the ends of all stringers at expansion joint locations when
the joint las been compromised and is allowing water to flow onto the stringers.

Research should be done to determine what the best coating system is for a given bridge.
Consideration should also be given to what is the most cost effective way to clean arabawel it

as where that investment can be more beneficial, like at the ends of the beams at the bearings where
the potential for corrosion is the greatest.

It is important to properly prepare the steel surfaces prior to painting. Preparing the mestabsurf

on an existing bridge for application of a new coating system can easily account for half of the cost

of a painting project. Applying any coating to an improperly prepared surface is likely to result in

poor adhesion and a much shorter lifespaneicbating. This will ultimately lead to more money

being spent at the bridge to clean anrdaat the steel. Cleaning can be done to various degrees, but
the best method for getting a good coating sy
Hand cleaning and power washing the metal is less costly, but may also result in a paint system with

a shorter lifespan.

For older bridges, lead paint removal may be necessary, which will add to the cost due to
requirements to provide greater levelsafitainment and personal protection for workers removing
the existing coating. Lead paint removal can account for up to 75% of the cost of recoating.
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Keep Railings in Good Condition

Many steel stringer bridges have reinforced concrete railings. Saméecimportant to the
historical significance of the bridge, especially custbesign and aesthetic railings. Mortar joints
between the units and the curb/deck should be maintained to ensure ttexnoegnservationf
the railings Any impact damagshould be quickly repairefibr safety reasons Guidance for
working with mortar and historic concrete can be fourfékaservation Briefs 2: Repointing Mortar
Joints in Historic Masonry BuildingendPreservation Briefs I3reservation of Historic Concte:
Problems and General Approach@ppendix B). If there is a history of impacts at the bridge or
safety issues dictate a more cragbrthy design and the railing is historically significandern
traffic barriers or guide rail systems should be planside the existing railingso thathe original
railings can remain in place.

Bearings

Frozen expansion bearings on steel stringer bridges are usually not critical to the function of the
bridge. In fact, many steel stringer bridge have minimal e such as simple steel plates
anchored to the substructutdowever, the bridge should be inspected for distress to the stringers or
the abutments and piers to determine if expansion and contraction of the superstructure is causing
any deficiencies tthe beams or the substructure elements.

3.2.2 Appropriate Rehabilitation Treatments - Steel Stringer Bridges

Deck Replacement to Reduce Dead Load

Replacingexistingdecks with lightemveightdecksof concrete, timber, steel or other mateisal

often aneffective way to reduce dead load and thus increaseckagng capacity. Deckand
wearing surfaceare not important features and changing them will generally not have an adverse
effect.For bridges carrying railroad, ballast and ties are not impdeatures and can be replaced
without an adverse effect.

Before any decisions can be made about the extent of the replacement or repair of an existing deck, a
deck condition survey should be conducted to determine if a partial or full deck replacement is
required.

Strengthening Members

Steel stringers can be made stronger by attaching cover platesweb orthe flanges. This is
accomplished bgonnectinglatesn areas where additional strength is required. The supplemental
plates can be bolted wrelded to the existing material. Bolting is preferred becausepialted

welds commonly lack quality and can result in details that may be prone to fedigtesl cracking.
However, bolted connections may be more visible and considered unsighilye the existing

bridge may not have been constructed to be composite with a concrete deck, the deck can be
removed and shear studs installed on the top flange to allow the concrete deck to help the stringers
carry the loads. This method requires the dedke replaced and may require the installation of
cover plates to the bottom flanges of the stringers, which will reduce the vertical clearance under the
stringers.Post tensioning the stringers is also an effective method to add capacity, but thentreatm

will likely reduce vertical clearance
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Strengthening members, particularly on steel stringer bridges where most or all of the stringers are
likely to have the same strength and are likely to require strengthening, is expensive to construct,
regardess of the method selected.

Add Auxiliary Members To Increase Load Carrying Capacity

This option involves the placement of additional stringers between the existing stringers to help
support live loads. The placement of additional beams should haveersadifect when they are
placed inside the existing beams (i.e., not a bridge/deck widening).

Widening

Stringer bridges can easily be widened by extending abutments/wingwalls and then placing
additional beams. The original geometrics, if they are impgrend the railings will be lost.
Widening may have an adverse effect to historic stringer bridges if the railings are a significant
feature but significant railings can also be restored or rehabilitated

3.3  Girder-Floorbeam Bridges
3.3.1 Appropria te Maintenance and PreservatiorTreatments - Girder -Floorbeam Bridges

Keep Concrete DecksJoints and Drains in Good Condition

Keep deck watertight by making sure that the joints/seals are intact, the drains are clear and the
concrete is not cracked. Bhwill prevent deck concrete spalls that may be caused by expansion of
corroded internal reinforcing steel, as well as protect the beams and the substructure units from being
subjected to any extra water or debris that could promote corrosion or alloiun@tasbe retained

on the beams or pier caps. Deck cracks should be sealed and scuppers and bridge drainage systems
should be cleaned and kept open. If not already in place, adequate means of draining water away
from the bridge should be installed. Erpepn joints should also be cleaned and kept in good repair

or replaced as needed.

Keep Paint or Coating System in Good Condition

The paint or coating system is the most significant mechanical tool for preservation of steel girder
floorbeam bridges. Aound coating system will prevent corrosion of the steel and require little
additional work to the steel components. Paint/coating systems should be maintained. However, it
is not necessary to rush out and spot paint every small area of corrosiqpasaita A more cost
effective method of maintaining the coating systeay beto wait until several locations appear yet
before the corrosion has advanced to the stage that it is causing measurable loss to the steel. If
corrosion is noted at common loietts on multiple stringers, it may be prudent to paint all of the
stringers at that location. An example of this could be at the ends of girders at expansion joint
locations when the joint has been compromised and is allowing water to flow onto the. girder

Research should be done to determine what the best coating system is for a given bridge.
Consideration should also be given to what is the most cost effective way to clean and coat it as well
as where that investment can be more beneficial, likeartts of the beams at the bearings where
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the potential for corrosion is the greatest.

It is important to properly prepare the steel surfaces prior to painting. Preparing the metal surfaces
on an existing bridge for application of a new coating systmeasily account for half of the cost

of a painting project. Applying any coating to an improperly prepared surface is likely to result in
poor adhesion and a much shorter lifespan for the coating. This will ultimately lead to more money
being spent &he bridge to clean and-o®at the steel. Cleaning can be done to various degrees, but

the bestand mostexpensive)et hod f or getting a good coating
met al 0 cAdesgekpensigemethod involves hand cleaaimdjpower washing to a lower
standard, applying a penetrating sealer that bonds any remaining paint and rust to the base metal
followed by one or two top coats. This technique does not last as long, but it costs considerably less.

For older bridges, B paint removal may be necessary, which will add to the cost due to
requirements to provide greater levels of containment and personal protection for workers removing
the existing coating. Lead paint removal can account for up to 75% of the cost ¢hgecoa

Bearings

Frozen expansion bearings on girfleorbeam bridges are considered by many to be aritaal
deficiency. However, the bridge should be inspected for distress to the girders or the abutments and
piers to determine if expansion and cantion of the superstructure is causing any deficiencies to
the beams or the substructure elements.

3.3.2 Appropriate Rehabilitation Treatments- Girder -Floorbeam Bridges

Deck Replacement to Reduce Dead Load

Replacing existing decks with lighter whigdecks of concrete, timber, steel or other material is
often an effective way to reduce dead load and thus increasedogithg capacity. Decks and
wearing surfaces are not important features and changing them will generally not have an adverse
effect For bridges carrying railroad, ballast and ties are not important features and can be replaced
without an adverse effect.

Before any decisions can be made about the extent of the replacement or repair of an existing deck, a
deck condition survey shoulie conducted to determine if a partial or full deck replacement is
required.

Strengthening Members

If necessanyit is appropriate to increase capaafyirderfloorbeam bridgeby replacinglooring

system members witkimilarly sized members dfighea strength materials. Since the floorbeams
andstringersare generally not important features, they can be upgraded as long as they are replaced
in kind and connected in the original manner usnoglernhigh strength bolts to replace the rivets.

Becaug the girdeffloorbeam bridges are usually built up from angles and plates, they lend
themselves well to being strengthened by using the conventional method of adding material to the
flanges and webs. This operation may involve the removal of existirtg emd their subsequent
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replacement with high strength bolts. If the rivets are visually prominent and it is important to
preserve the historic appearance, button head;dtighgth bolts can be use@ihe supplemental
plates can also be welded to theséirig material. Bolting is preferred because figlaced welds
commonly lack quality and can result in details that may be prone to fagtpied cracking,
particularly of concern for neredundant members such as floorbeahenporary support may be
necessary to perform strengthening activities.

The same treatmetdescribed abowsan be applied to replacing/repairing deteriorated sections of
plate or angl¢hat may be reducing the load carrying capa&tsengthening membeisexpensive
to constrat, regardless of the method selected.

Remove Concrete Encasement to Reduce Dead Load

On bridges that have concrete encased menit@rsmon on railroad bridgegpnsideratiorcanbe

given to removing the encasement of the flooring system bubretoving encasement of the

fascia girders. In those instances, the encasement was generally an architectural treatment added in
deference to an urban or scenic location. If the removal of the encasement does not provide a
sufficient decrease in dead loadighter deck system may be considered.

3.4  Metal Truss Bridges
3.4.1 Appropriat e Maintenance and Preservatio reatments - Metal Truss Bridges

Keep Bridge Free of Debris toExtend Life of Paint/Coating System

The best maintenance armégervation sttagy for preservation of steel truss bridges is to keep them
painted and free from accumulated debris. Thismitlimize the effectthat environmental facts

and water have on the lifespan of the coating system, which when broached allows corrosion to f
on the netal. Keeping the bridge as clean as possible will extend the life of the coating system as
much as possible, which is important given the ttmost-coat and the inconveniences to the public
that painting operations can have in the formsoélor bridge closures.

A principal source of moisture penetration and paint failure is debris, which frequently accumulates
on exposed horizontal surfaces such as abutment seats at the bearings, top flanges of stringers,
floorbeams and lower chord papeints.Rust can occur above and below the deck, and section loss
due to corrosion can significantly reduce the loadying capacity of the trusRust also occurs at

the interface of rivetand bolt connected == 2
members, a condition known as impact
rust. Routinely removing accumulate
debris and washing bridges with pota
water after the danger of frost has pasg
will significantly lessen conditions tha

promote rust.

Figure 3.4.21. As gravel kicked off the ;
brldge deck accumulates in the channg
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system failure, which leads ¢orrosion




Ohio Historic Bridge Maintenanand Preservation Guidance

Keep Concrete DecksJointsand Drains in Good Condition

Keep solid decks wartight by making sure that the joints/seals are intact, the drains are clear and

the concrete is not cracked. This will prevent deck concrete spalls that may be caused by expansion
of corroded internal reinforcing steel, as well as protect the beanteeasdbstructure units from

being subjected to any extra water or debris that could promote corrosion or allow moisture to be
retained on the beams or pier caps. Deck cracks should be sealed and scuppers and bridge drainage
systems should be cleaned &egt open. If not already in place, adequate means of draining water
away from the bridge should be installed. Expansion joints should also be cleaned and kept in good
repair or replaced as needed.

Keep Paint or Coating System in Good Condition

The paintor coating system is the most significant mechanical tool for preservation of metal truss
bridges and also frequently the most costk sound coating system will prevent corrosion of the
metaland require little additional work to the steel componePR&int/coating systems should be
maintained. However, it is not necessary to rush out and spot paint every small area of corrosion as
it appears. Maintenance and preservation activities related to paint and coatings should be done in a
manner that is kb cost effective and of maximum benefit to the overall operations. A mokre cost
effective method of maintaining the coating system may be to wait until several locations appear yet
before the corrosion has advanced to the stage that it is causing miedsssato the steelAn

option appropriate for through trusses ioitdy paint or coat the lower portions of the truss lines
where debris accumulates and the potential for corrosion is the greatest. For a small bridge, moving
the trusses to an offsitecation for cleaning is often a cesffective strategy, especially when
combined with making other repairs.

Wrought iron, cast iron and the various grades of steels used on bridges all require different levels of
attention when considering painting.r&ght iron is not as prone to corrode, so it is not as urgent to
paint areas where a coating may be peeling and exposing the Resaarch should be done to
determine what the best coating system is for a given bridge. Consideration should alep twe giv
what is the most cost effective way to clean and coat it as well as where that investment can be more
beneficial, like at the ends of tfleoring system at expansion joints and truss liaethe bearings

where the potential for corrosion is the ajest.

It is important to properly prepare the steel surfaces prior to pairRirggparing the metal surfaces

on an existing bridge for application of a new coating system can easily account for half of the cost

of a painting projectApplying any coéing to an improperly prepared surface is likely to result in

poor adhesion and a much shorter lifespan for the coating. This will ultimately lead to more money
being spent at the bridge to clean anrdaat the steelCleaning can be done to various s, but

the bestand mostexpensive)et hod f or getting a good coating
met al 0 cAdesdekpensigemethod involves hand cleaning and power washing to a lower
standard, applying a penetrating sealer that bangigemaining paint and rust to the base metal
followed by one or two top coats. This technique does not last as long, but it costs considerably less.
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For older bridges, lead paint removal may be necessary,
will add to the cost due to requirenterio provide greate
levels of containment and personal protection for work
removing the existing coating. Lead paint removal can acc
for up to 75% of the cost eécoating

Figure 3.4.122. Example of why keeping steel paintg
matters. Whe water gets between the plates of built
members, impacted rust develops. The rust lessens se
and eventually fails members, particularly built
floorbeams. This knee brace on a pony truss bridge waj
well designed, as the angled plate chasnedter into the
floorbeam connection.

Protect the Bridge from Potential Impact Damage

It is appropriate to install a traffic railing or beam guide rail system to protect the truss lines from
impact damage. On o#@ne bridges with adequate stoppindisigistance, placement of guide rail

also serves to clearly define to motorists that bridge serveslternating traffic. Placing traffic

railings is an important conservation measure because it significantly reduces the chance that the
bridge will be dmaged or lost if a critical member is impacted/damaged.

All railings should be attached to the floor system, not the truss lines. As a result of the connection
details, guide rail across the bridgarisre expensive than guide rails on approachescamdbe

more thantwice that cost Whenever possible, any original railings should be left in place and
modern, crashested, traffic railings installed just inside the existing railings. Proper guide rall
systems should also be in place at the approaches

When aesthetic considerations are important, there are many standard and custom railing systems
that can be used on historic truss bridges and their approaches, such as coated guide rai and wood
backed steeBee section 3.10 amavw.fhwa.dot.gov/bridge/bridgerdibr appropriate treatments.

23


http://www.fhwa.dot.gov/bridge/bridgerail

Ohio Historic Bridge Maintenanand Preservation Guidance

Figure 3.4.12-3. Two examples of bridges with guide rails installed to protect tilisdfic railings need

to be attached to the flooring system, tha truss lines. The bridge on the top shows an inappropriate
installation wherea vehicle impactinghe railings would result in damage to the truss members. The
bridge on the bottom shows appropriate attachment to the stringers, not the truss line.

Replace Deteriorated Members in Kind and Use Original Method of Connection

It is proper to replace deteriorated members in kind while maintaining the original pinned or riveted
(bolted) connections. This is important to preserve not only for the appeaaad historical
significance of the bridge but also the way it performs. Pinned and rigid connection designs handle
stresses differently. For example, replacing a failed eye bar on a pin connected bridge with a modern
steel rod with end eyes that fit arad the original pin is proper. This permits the bridge to continue

to accommodate stresses as it was originally designed. Welding new or replacement members to a
pin or welding the pin itsel€reates a rigid connection that will introduce forémswhich the
members were not originally designed. High residual stresses are then introduced, particularly into
the tension members, and could lead to the initiation of cracks. Likewise, welding counters together
to eliminate noise from vibration should not badowelding to the pins is seldom reversiblew
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materialto replace deteriorated membess be higher strength or have slightly larger dimensions
with no adverse effect

Bearings

Frozen expansion bearings on truss bridges are considered by maaytooeitical deficiency.

Most have been frozen for decades with little evidence of that causing dist@ssver, if it

appears that the truss members are in distress due to thermal forces and the lack of ability to expand
and contract, bearing repkment or modification should be considerd8earings are rarely
considered to be historically significant, so they can be replaced so long as the type of bearing is
maintained (i.e. pin connected bearing or rigid bearing).

3.4.2 Appropriate Rehabilitatio n Treatments- Metal Truss Bridges

Deck Replacement to Reduce Dead Load

Replacing existing decks with lighter weight decks of concrete, timber, steel or other material is
often an effective way to reduce dead load and thus increasedogthg capacity.Decks and
wearing surfaces are not important features and changing them will generally not have an adverse
effect. If significant overlay is present, consideration should be given to reduce its thickness. For
bridges carrying railroad, balladcks orties are not important features and can be replaced without

an adverse effect.

Before any decisions can be made about the extent of the replacement or repair of an existing deck, a
deck condition survey should be conducted to determine if a partiall @etk replacement is
required.

Increase LoadCarrying Capacity by Making Flooring SystemStronger

Theflooring system is generally not a historically significant component. Fortunaislgpmmon

for stringers to be weakest truss member andldoelfeams likely to be the next weakesi that

often the bridge load capacity can be improved by strengthening or replacing these ménsbers

very important that the floorbeams are connected in the original manner, meaning with eye heads or
pin plates at pin connections or with bolts or rivets at gusset plates at rigid connections. $tringer
floorbeam connections are not as critical, which means that seat angles or notching does not
necessarily need to be reproduced.

In-kind replacement dfooring system members with higher strength steel is an appropriate way to
increase loaatarrying capacity. In many instances, the floorbeams and stringers can be upgraded to
increase loaaarrying capacity byeplacing the members in kind with modern steelsliave higher
strength

Another way to increase capacity of floorbeams or indeed any beam is to weld or bqitatester
beam flangesBolting is preferred because fighlaced welds commonly lack quality and can result
in details that may be prone fatiguerelated cracking, particularly of concern for amaundant
members such as floorbeantswelding is done at the bridgear® neds to be taken to never weld
to thepinned or rivetedonnections of the trus#\s discussed aboy# is imporant to not change
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the original manner of connection aetpanel point orp—
gusset plate

Figure 3.4.21. An example of rehabilitation thal
meetsThe Secretary of .tHére
the new floorbeam has been connected using
original method using a pinned connecti@amd the
original rivets have been replaced using high stre
bolts (both are mechanicabnnections)

Truss Member Strengthening

If the truss members do not have the capacity required, there are sevbaisrevailable to
strengthen them, includirige addition of supplemental steel, providing auxiliary members and post
tensioning. These methods are discussed below.

Shapes builup from angles and plates (i.e., members like verticals, chords, and ssjllpod
themselves to being strengthened by using the conventional method of adding material to the flanges
and webs. Adding section is a way to keep historic fabric in place, but it can also involve the
removal of existing rivets and their subsequeptacement with higistrength bolts. If the rivets are
visually prominent and it is important to preserve the historic appearance and mechanical connection,
buttonthead bolts can be used. Itis important to define which side will have the head anditivhich w
have the shank. If not specified, the contractor will generally do whichever is easiest, not which is
best for the appearance of the bridge. The same treatment can be used to replace or repair
deteriorated sections of builp members.

It is impor@ant to be aware of the type of metal of which the bridge is construdiest. post1895

truss bridges are steel, but the transition from wrought iron to steel starting in the mid 1880s was
gradual. There are two leeost, nordestructive tests that caa performed to characterize ferrous
material as to whether it is wrought iron, mild steel, or steel. These include the spark test and field
metallography where the metal is polished, etched and then its microstructure is replicated for
examination in theaboratory. Iron and steel each have a distinctive microstructure that reveals
which material it is
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Steel members that by analysis have exceeded or will exceed their fatigue life within the expected
life of the rehabilitation should be replacedkind. When fracture is a concern over the entire

structure, consideration should be given to providi
auxiliary members or replacing the members
in-kind. If cracks are found, the member should be replad
in-kind. The new auxiliary members should be posécim
the least conspicuous location. Typically, new upper chda
members should be placed on the inside rather than
outside of the existing chords.

Any new auxiliary members need to structurally tie into t ”l o
existing panel point connections. Omipéd trusses, a newpEE—""
connection must be designed to connect at the existing |~
High strength bolts are appropriate for gusset plg#*==
connections on rigid connection trusses.

Post tensioning is a form of auxiliary member but is o
useful to strengthertension members of a truss. Po
tensioning consists of installinghggh strengtttable or rod 3
at both ends of individual members and tensioning the coeses
T e e o Bows 2422 tighar st
was used for replacement diagonals. N
members can carry. Since the post tensioning prinCigt the bolts are used to replace rivets.
relies on reducing the dead load capacity of the trutighter weight operyrid deck is used to
members, it is best suited for longer trusses where the déggrease dead load.
load is very significant. This is a cost effective treatntieatt
hasalso been used to provide redundancy.

Figure 3.4.23. Post tensioned lower chord of pgonnected thru truss. Note new strands guide
— placed between the eyebar packs. The floorbeam is post tensioned to increase its capacity—
standard higfstrength rods.
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Add Auxiliary Superstructure Support

When none of the above options are viable or the costs are prohibitive, placing auxiliary supports
(also known as helper bents or underpinning) may be considered. AuxilEpgrss for a truss

bridge could be accomplished in several ways. One is to install steel stringers that span from
abutment to abutment and support the roadway loads. The existing truss then supports its own weight
but does not carry live loads.

Anotherscheme is to place girders that span from abutment to abutment outside of the truss lines.
The auxiliary girders are connected to the existing floor beams and share the applied loads with the
existing trusses. Helper bents can be placed under thegxfistirbeams thus converting the bridge

or span from simply supported to a continuous arrangement.

Figure 3.4.24. Steel stringers placed under floorbeams of historic truss bridge in
order to provide the needed load carrying capacity without changamy tmuss
members. This can be an economical way to keep truss bridges in service.

Heat Straighten Minor Damage

Over the past decades, research has demonstrated that instead of mechanical force, which can further
damage a member or impose residtralsses, heat straightening can be an efficient and economical

way to repair steel members that have been deformed as a result of impact damage. The technique is
to apply repetitive heating and cooling cycles and restraints to produce a gradual streygitie

material. Its advantages are that it is economical as it does not require removal of the member nor
temporary shoring. The work should be performed by skilled professionals (there are several in the
region) as the location and the amount ot eeritical to the success of the process. Additionally,
extreme care needs to be exercised to remove nicks and other defects so there is no chance of future
fatigue or fracture occurring. In 2000, FHWA isstiht Straightening Repairs of Damaged Steel
Bridges: A Technical Guide and Manual of Practidore in-depth discussion of the technique can
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be found in the recently completed NCHRRG) Heat Straightening Repair of Damaged Steel
Bridge Girders: Fatigue and Fracture Performanceéhis techniques most cost effective when

: "\

e mobilization cost over several

A . _ P W
several bridges in an area are repaired as a group as this spreads th
bridges. The greatest expense is getting the practitioner to the site.

Figure 3.4.25. Heat straightening to bring bowdégonal back into plane. Work
can be accomplished on site. Skilled tradesmeagioncan perform this work.

Increasing Vertical Clearance

Many thwu truss bridges have a vertical clearance that does not meet cstardardsand/or
requirementsOversized loads that impact portal braces have the potential to dislodge sway bracing
and vertical truss members. When analysis supports that it is structurally acceptable to do so, the
knee braces and lower struts of portal and lateral bracing caisée t@increase vertical clearance
across a bridge. This is a common technique to protect vulnerable members from impact damage,
and it generally has no adverse effect on the bridge. 8iiscissuas not new, it is quite possible

that the lower strgtand knee braces have already been raised or are an in kind replacement of the
original fabric. Any raisingof members however, needs to be kept in scale with the overall
proportions of the bridge, which means that less increase is possible on sithderadler spans

than on longer and larger ones.

Enforcing vertical clearance can be achieved by erecting barriers that restrict passage of vehicles that
conform to posted height limit. This strategy also serves the purpose of limiting overweighsvehicle

Increase Width of Bridge
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Both pony and tloughtruss bridges have been widersedcessfullyand the treatment is popular

with the publicbut it is recommended only when none of the other treatments can provide the
desired operational and functiowaiteria. Whether or not a truss bridge is a candidate for widening
will depend on, among other issues, its length and how much it needs to be widened. Proportionally
a 70*long and 18wide pony truss bridge visually cannot accommodate a 10' or 12iiwidéut a
140long and 18wide through truss might.

Widening is accomplished by removing and then cutting the truss lines inside the lower panel points
taking care to retain a truncated section of the floorbeam and then moving the truss lines out and
installing a new superstructure such as steel stringers or prestressed box beams. Typically the
truncated floorbeam ends are connected to the fascia beams, and the trusses support themselves and
any sidewalks. Any portal and upper bracing is extendechih &i replaced in kind to match the

width.

If a truss bridge does not need to bz
widened very much, and if supported b
analysis, it may be possible to install
new, wider floorflooring system with

ensure that the newooring system is
connected at the lower panel points in th
historic manner.

In both widening schemes, the substructug.~ -
units will have to be extended. While thige,
strategy has been evaluated in the past g =% i

have an adverse effect on historic truss———== — e, R
bridges because the original proportions dfigure 3.4.26. The historic truss bridge was widened

- : lacing a new steel stringer superstructure and attac
the bridge are changed along with th(%)hetruss lines to the fascia beams. For this treatm

Superstructur_e, it has become I_ncreaSIngbohiCh is frequently used as a balanced solution,
popular with  the  public  and jteqrity of the panel points must be maintained

preservationists. Truss bridges are oftegytting the floorbeams or upper lateral bracing inside
charactedefining resources and their truss lines and then using those rentaao make the
presence in the landsca@es well as the connection to the new components.

record of important bridge type, is highly

valued.

Preserve Bridge By Relocation For Adaptive Use

In many instances, the geometric deficiencies are so significant that the truss bridyes witen

narrow and located on sharp curves, cannot remain in service. When it is not possible to keep the
bridge in service, it is appropriate to remove it and relocate for adaptive reuse. Since the advent of
metal truss bridges in the middle of th@" century, they have historically been dismantled and
relocated, so doing so continues a historical trend. Nineteenth century truss bridges, in particular, are
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important artifacts that merit placement in a more restricted use setting, like on pedastria
bicycle trails or in parks. Moving a historic truss bridge and rehabilitating it for an adaptivamise is
acceptable treatment, and the relocation is often consideredragigaion of any adverseffect

the removal of a historic bridge may haites a treatment that does result in the preservation of the
historic bridge.There are many truss bridges in Ohio that have been preserved for adaptive use on
trails, in cemeteries, or at county fair grounds.

3.5 Stone and Brick Arch Bridges

3.5.1 Appropriate Maintenance and Preservation Treatments- Stone and Brick Arch
Bridges

Keep Roadway andDrains in Good Condition

Keepthe roadway surface, whether asphalt on fill or concrete slab onvihtagightas possibléy

making sure thaany posible openings are kept sealed with a flexible sealappical locations

include where the roadway surface meetbs, sidewalks or railings/parapdtss also necessary to
ensure that any utility pipes buried within the fill are not leaking. Thls minimize water
infiltration of the fill and core material and the ensuing degradation of the magnagksin the
roadway surfacehould besealedand scuppers and bridge drainage systems should be cleaned and
kept open. If not already in place, gdate means of draining water away from the bridge should be
installed. The deck and approaches need to be maintained to prevent ponding and to encourage the
flow of water off the bridge. Weep holes or pipes wrapped in filter fiber can be installedriedo

holes placed inconspicuously at the bottom of the arch ring to drain any accumulated moisture that
does get into the fill.

Keep Dry Laid Masonry in Sound Condition

Dry laid masonry that becomes misaligned or shows evidence of movement shosét btgethe

problem the movement is expressing has been addressed. Mortar should not be added to any
originally/historically dry laid stonework.

Routinely Remove Vegetation and Accumulated Debris

If vegetation has established itself on or adjaceatt@sonry arch bridge or the stone substructure
units, it should be killed and removed. Attempting to remove live vegetation that has established its
root structure in the masonry can dislodge or loosen the units and affect structural integrity. Trees of
any size should be cut as close to the ground or wall as possible, and the root system should be left to
decomposeHoles can be drilled in the stumps and an herbicide used to accelerate decomposition.

Accumulated debris on and adjacent to the strustuvald be removed seasonally, especially in the
late fall and spring. Builap of debris, including leaves and litter, holds moisture and prevents the
structure from drying out. All roadway and structure drainsikhalso be cleared of debris.

Clean Masonry Only When Necessary and with the Gentlest Means Possible
Cleaning masonry can be a highly technical and specialized process, and inappropriate cleaning can
cause irrevocable damage. Cleaning should be done only after the reason for the clebeemgy has
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fully assessed and the characteristics of the material as well as what is being removed is fully
understood. Masonry cleaning is generally divided into three groups: water, chemical, and abrasive.
Maintenance forces should only be performing wateamihg, the gentlest means.

Water cleaning can effectively remove dirt. A low pressure wash, augmented by hand scrubbing
with a naturalbristle brush and neionic detergents (not household soap) is an appropriate
treatment. Driedip plant material andccunulated debris can be removed using a hot pressurized
wash. Any use of high pressure water, however, requires care not to use too great a pressure or the
wrong nozzle, both of which can cause damage.

The advantages and appropriateness of masonayicte are thoroughly described in several
National Park Service publications includifgeservation Brief 1: Assessing Cleaning and Water
Repellent Treatmen{appendix B). Although the briefs address cleaning buildings, the information
is applicable tolamasonry. Other publications on the conservation of historic masonry are available
online or in the local state historic preservation office.

Keep Mortar Joints Watertight

Keep all mortar joints watertight and in good condition. Water tightnessiisvad by replacing

lost and failing mortar joints with an appropriate mortar before moisture penetration damage affects
the masonry units, and thereby the structural integrity. Repoint as needaadg sure that the new
mortar is compatible with the hesic material in compressive strength, texture, color, and style (size
and finish of joint). Improperly done repointing can be unsightly, can adversely affect the historical
significance of the bridge and can cause damage to the masonry units.

It shoud be noted that filling failing or lost mortar joints or cracks with a modern masonry cement
(premixed, bagged mixtures likgakreté is not considered repointing, and the practice is not a
suitable strategy for historic masonry. Modern masonry cemenhdobend well with the historic
mortar, and it never matches the historic mortar. Such work is generally irreversible. It is also a
common error to assume that hardness or high strength in repomtmg mortar |s approprlate for
historic masonry, particulyr lime-based [& , . =

mortars. Stresses occur in a masof
structure angif the mortar is too hard, th¢=
stress will be relieved by cracking the soff
masonry units rather than the tbard
mortar joints. While stresses can also br
the bond between the mortand the
masonry units, it is much easier to corrg *
the problem by repointing the joints than Ig
replacing cracked bricks and stones f
rebuilding the structure. '

Before proceeding with repointing, the caug#
of the failure of the joints must be==t—— :
determinedand correctedJoints may have Flgure 3.5.k1. Example of poor aﬂd inapproprial
failed for reasons other than aggated repointing. Acommercial masonry cement liakcrete

deterioration.Open joints may be providing is smeared over the historic mortar. Note that the b
is not good and the joints are not watghti Such

V\gék IS unsightly, and the hard mortar can harm hist
material.
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relief of hydraulic pressure for moisture trapped behind the W#dking the joints will only worsen

the problem of improper drainagéthe bridge decklt is important to provide a means of escape

for any water that does enter the structure. Any repointing, especially on the intrados, should include
installation of weep holes. Strategically located weep holes will ensure reliefesfprassure and
provide a drainage path.

Proper Repointing

It is important to use accepted conservation standards when repointing historic masonry, and this
starts with understanding the malke of the old mortar. The setting and pointing mortars used
before World Wal are different from modern,optland cemenbased mortar and premixes, and

have many advantages over their modern counterparts-dased mortars are generally and
purposely softer/weaker than the masonry units. New mortar with a higlcbntent bonds well

with old mortar, is porous and changes little in volume during temperature fluctuations. It is slightly
water soluble and thus able tegeal any hairline cracks that may develop. Portland cement, on the
other hand, can be extremddgrd, is resistant to movement of water, shrinks upon setting, and
undergoes relatively large thermal movements.

An appropriate mortar mix is composed of sand, a small pportdhnd cement, and lime. The mix

ratio is generally not greater than one pdnite, nonstainingortland cement (to achieve workability

and plasticity), two parts lime, and six to eight parts sand for setting mortar and up to 12 parts sand
for pointing mortar, which is usually softer than the setting mortar. While mortar anayyais
qualified laboratory can be useful by providing information about the historic mortar, it is not always
crucial to success. The most useful information that can come out of laboratory analysis is the
identification of the sand (the largest comporegmhortar) gradation and color. This information is
useful in achieving a match of color and texture. A fracture test will identify the compressive
strength of the historic mortar.

The color and texture of the new mortar will usually fall into placéef $and is successfully
matched. Simply matching the original mortar in formulation and color rather than the existing
appearance generally results in mortar that is too light and too sn®ettiear on what is being
matched. If the bridge is not beiolganed, then the new mortar should match the existing mortar,
which is usually weathered and showing the aggregattee lfridge is to be cleantéten the cleaned
appearance is what to match. There are many appropriate finishing techniques toanetstirig

texture of weathereahortar, including rubbing or a mild water blast to expose the sand using a wood
rather than a steel finishing tool. Crushed or manufactured sand is generally not the appropriate type
of sand to use. Rounded or natural sangreferred because (1) it is usually similar to the original
sand and is thus a better match, and (2) it has better working qualities and can be forced into joints
more easily. Test patches to determine how well a mortar mix will match the existingshoctiar

always be done in an inconspicuous part of the structure.

The proper methodology for repointing historic masonry, including substructure units and stone
veneersi s cl early and thoroughl y eBrgsdrvatiomBeitd2:i n t he
Repointing Mortar Joints in Historic Masonry Buildingsppendix B). This guidance is directly
applicable to historic bridges.
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Install Weep Holes

Any repointing, especially on the barrel of an arch or intrados, should include installation of weep
holes. Strategically located weep holes will ensure relief of water pressure and provide a drainage
path for any moisture that does penetrate the fill.

Use Waterproof and WaterRepellent Coatings Only When and Where Necessary

As a rule, waterproof angvaterrepellent coatings on historic masonry should be avoided.
Experience has demonstrated that it is not a cost effective way to keep masonry watertight.
Waterproof coatings seal the surface from liquid water and water vapor, and they may be clear or
opaque and make a surface impervious to water. Wepsllent coatings keep liquid water from
penetrating the surface but all ow water vapor
Once water vapor is inside the masonry wall, however, it caneosednto liquid water and be
unable to get back out through the watgpellent coating. These coatings seldom stop the source(s)

of moisture penetration, and they can trap moisture and salts resulting in efflorescence and spalling.
If conditions are seve enough to require a coating, only the affected areas of the bridge should be
treated, not the whole structure. A test patch that is allowed to go through dlfieegoycle/season

is recommendedSeePreservation Brief 1 Assessing Cleaning and WRigpellent Treatmenis
Appendix B.

Replace Missing/Damaged Stones in Kind

Replacing damaged or missing stones with concrete fill is not appropriate. All damaged and lost
stones should be replaced in kind. Lost stones that have fallen from the strugtuvelhbe on site

or in the stream bedlf used, mte that setting mortar is often a different mixture than pointing
mortar @ifferencesare discussed in the prior section regarding repointing

Repairing Bulging Spandrel Walls

Bulging of stone spandrwalls and wingwalls must be addressed by remedial action or the failing
wall or section of wall will eventually collapse. The failing sections need to be dismantled, the cause
of the problem (usually moisture penetration or roots dislodging the stdieadnlressed, and the
stone then relaid in the same bond/pattern with a mortar mix that matches the existing mortar in
texture, color, and composition.

If analysis demonstrates that the wall would be structurally sound if no bulging existed, theh the wal
can be dismantled and reset/rebuilt using the same material. The historic bonding and mortar joints
should inform the reconstruction.

If the bulging of the wall is minor, consideration may be given to addressing the source of the
bulging and then iralling metal tie rods that span from spandrel wall to spandrel wall and are
hidden by the earth fill. Plates should be provided at each end of the rod to help prevent further
displacement of the walls. The technique has successfully been used on®ioldiegturies. This

method does not address the displacement that has already occurred, and it may be considered to be
visually unacceptable.

34



Ohio Historic Bridge Maintenanand Preservation Guidance

Repointing Stone Veneer
Refer to sections AKeep Mortar Joints Watert:.i

3.5.2 Appropriate Rehabilitation Treatments- Stone and Brick Arch Bridges

Increasing Capacity
Increasing the capacity of an arch bridge must be done in an unobtrusive manner and should
preferably be performed internally to avoid any adverse vistesdtef

Relieving or Saddle Slabs

Relieving slabs are used to relieve the existing arch from some or all of its live load. One method to
accomplish this is to construct a reinforced concrete arch slab directly over the extrados of the
existing arch. Anothremethod is to construct the reinforced concrete slab on the fill over the arch
ring thereby distributing the live load away from the arch. Since excavation of some fill might be
requira to install a relieving slaleplacement of unsuitable fill with agperly draining material

and installation of drainsan be accomplished at the same time.

Construct a New Bridge within the Confines
P of the Spandrel Walls

3 When there is sufficient fill above the arch
® crown, a new bridge can be constructed over
| the exising arch. This is accomplished by
constructing abutments apeersbehind or
at the base of the existing arch and spanning
the distance between these units with a new
superstructure (usually prestressed concrete
4 | slab or box beams)f there is not suffient
depth of fill, it is sometimes possible to
reprofile the existing roadwato provide
sufficient depth It may also require
reconstruction of or modification of the
existing bridge railings.

Light Weight Fill

The replacement of the existing fill it
engineered fill material such as Solite will
decrease the dead load on the structure and
increase the live load capacity of the bridge.

Figure 3.5.21. Fouled fill has been removed and |
waterproofing installed in advance of placing engine
fill material.
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Provide Proper Drainage

If inspection reveals that the existing fill material is saturated, it should be replébed free
draining material. Moistureaturated fill material will eventually damage the arch ring as the water
seeks a way out of the structufEhere may be utilities present in the fill that may be the source of
the problem, such as leaks from a watain. To provide a way for any trapped water to escape,
weep holes should be installed in the arch ring.

During the excavation to install any of these options, extreme care must be exercised to avoid uneven
excavation of the fill, which may caugeetarch to lose its shape and therefore its load carrying
capabilities. This situation can be avoided by providing temporary centering below the arch during
the operation.Utilities need to be avoided and protected during excavation.

3.6  Reinforced Corcrete Arch Bridges

36.1 Appropriate Maintenance and Conservation Treatments Reinforced Concrete Arch
Bridges

Keep Roadway and Drains in Good Condition

Keep the roadway surface, whether asphalt on fill or concrete slab on fill, as watertight as pypssibl
making sure that any possible openings are kept sealed with a flexible sealant. Typical locations
include where the roadway surface meets curbs, sidewalks or railings/parapets. Itis also necessary to
ensure that any utility pipes buried within thik are not leaking. This will minimize water
infiltration of the fill and core material and the ensuing degradation of the masonry. Cracks in the
roadway surface should be sealed, and scuppers and bridge drainage systems should be cleaned and
kept openlf not already in place, adequate means of draining water away from the bridge should be
installed. The deck and approaches need to be maintained to prevent ponding and to encourage the
flow of water off the bridge. Weep holes or pipes wrapped in fiier can be installed into cored

holes placed inconspicuously at the bottom of the arch ring to drain any accumulated moisture that
does get into the fill.

Provide Good Waterproofing and Proper Drainage

When moisture penetration hesturatedhe fill, whether through seepage through the roadway, poor
drainage, or by leaking utility pipes buried in the &ihd the waterproofinigas failedthe saturated

fill material should be removed and a new waterproofing membnatedledover the arch ring
along with an adequate means for drainage to prevent the problem from reoccurring. Fill is not a
significant feature of any arch bridge, and its replacement has noaeffeée historic value of the
structure The replacement of the existing fill with aidangineered backfill material or flowable

fill will decreasethe dead load on the structunecrease the live load capacity of the bridge and
minimize water infiltration. If solid fill is placed, the waterproofing membrane should be placed
between thpavement and the new fillnstall proper drainage ttirect the wateoff of the bridgeor
through drains in the abutmewotthe ground line

During the excavation to install any of these options, extreme care must be exercised to avoid uneven
excavaion of the fill which may cause the arch to lose its shape and therefore its load carrying
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capabilities. This situation can be avoided by providing temporary centering below the arch during
the operationif there are utilities present in the fill, it widle necessary to consider methods to retain
the pipes within the fill.

Make Repairs with Compatible Material That Matches the Existing Concrete

Any new concrete or repair material needs to visually match the existing material as closely as
possible andalso match its physical propertie§Vhile it is acceptable to use @ntrained or
polymermodified material, it is important that the properties of the historic and new materials, such
as the coefficient of thermal expansion, modulus of elasticity tesrthth, are compatible so that the

old and new material will bond well. The new material should be applied only to a properly prepared
substrate where all deteriorated concrete has been rertmoegoosesound concreteCorrodedor

lost reinforcing steehust be cleaned or replacdfiemoval of concrete will typically extend beyond

the level of the reinforcing steel so that the patch encapsulates it and thus provides the mechanical
attachment for the repair. Failure to address the soundness of thatsulft&n results in the failure

of the repair and continued deterioration of the bridge.

Preservation Briefs 15: Preservation of Historic Concrete: Problems and General Approaches
(Appendix B) describes the proper strategy for planning and executioget®repairs. Test patches,

including finishing techniques, on inconspicuous parts of the structure should be done and allowed to
cure completely before being evaluated. The new material should match the existing in color,
composition and finish. This mgarequire rubbing or a mild pressure wash to achieve the
Afweat heredd appear anc e Presértaton Briefs 2 Rapajnting $Mortdre s ¢ r i
Joints in Historic Masonry Building®\ppendix B)should be followed to achieve a proper patching
concrete The fibriefsod should also be consulted fo
mortar joints between precast elements on railings and any architectural detailing on the bridge.

Hiding problems under a pneumatically or troweled appboaif cementitious materials, including

shotcrete and bagged masonry cement, does not address the cause(s) of the problems or contribute to
their solution, and it is not a suitable strategy. With proper substrate preparation, shotcrete can be
usedtorepar reinforced concrete, but it should ne
problems without first making sure that the structure is watertight.

All repairs should be done in a manner t
reproduces original accenting like scoring
cornices/fing courses.

Figure 3.6.1-1. Poorly bonded patch ™
that is failing.

37



Ohio Historic Bridge Maintenanand Preservation Guidance

36.2 Appropriate Rehabilitation Treatments - Reinforced Concrete Arch Bridges

Increasing Capacity
Increasing the capacity of an arch bridge must be done in an unobtrusivernaad should
preferably be performed internally to avoid amyersevisual effect.

Relieving Slabs

Relieving slabs are used to relieve the existing arch from some or all of its live load. One method to
accomplish this is to construct a reinforced @ete arch slab directly over the extrados of the
existing arch. Another method is to construct the reinforced concrete slab on the fill over the arch
ring thereby distributing the live load away from the arch. Since excavation of some fill might be
required to install a relieving slab, replacement of unsuitable fill with a properly draining material
can be accomplished during at the same time as can installation of drains.

Construct a New Bridge within the Confines of the Spandrel Walls

When there is suftient fill above the arch crown, a new bridge can be constructed over the existing
arch. This is accomplished by constructing abutments and piers behind or at the base of the existing
arch and spanning the distance between these units with a new sopees(usually prestressed
concrete slab or box beams). If there is not sufficient depth of fill, it is sometimes possible to
reprofile the existing roadway to provide sufficient depth. It may also require reconstruction of or
modification of the existig bridge railings.

Light Weight Fill
The replacement of the existing fill with engineered fill material such as Solite will decrease the dead
load on the structure and increase the live load capacity of the bridge.

Make Repairs with Compatible Material that Matches the Existing Concrete

Any new concrete or repair material needs to visually match the existing material as closely as
possible and also match its physical properties. While it is acceptable to -esgraimed or
polymermodified material, its important that the properties of the historic and new materials, such

as the coefficient of thermal expansion, modulus of elasticity, and strength, are compatible so that the
old and new material will bond well. The new material should be appliedcoakyroperly prepared
substrate where all deteriorated concrete has been removed to expose sound concrete. Corroded or
lost reinforcing steel must be cleaned or replaced. Removal of concrete will typically extend beyond
the level of the reinforcing stego that the patch encapsulates it and thus provides the mechanical
attachment for the repair. Failure to address the soundness of the substrate often results in the failure
of the repair and continued deterioration of the bridge.

Preservation Briefd5: Preservation of Historic Concrete: Problems and General Approaches
(Appendix B) describes the proper strategy for planning and executing concrete repairs. Test patches,
including finishing techniques, on inconspicuous parts of the structure showidebard! allowed to

cure completely before being evaluated. The new material should match the existing in color,
composition and finish. This may require rubbing or a mild pressure wash to achieve the
Aweat heredo appear anc e Prednjaton Briefsc2h Repomiing lortat e s ¢ r i
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Joints in Historic Masonry Building®\ppendix B)should be followed to achieve a proper patching
concrete. The Abriefsodo should also be consul te
mortar joints letween precast elements on railings and any architectural detailing on the bridge.

Hiding problems under a pneumatically or troweled application of cementitious materials, including
shotcrete and bagged masonry cement, does not address the causefspbleins or contribute to

their solution, and it is not a suitable strategy. With proper substrate preparation, shotcrete can be
used to repair reinforced concrete, but It s
problems without first makingure that the structure is watertight.

All repairs should be done in a manner that reproduces original accenting like scoring or
cornices/string courses.

Increasing Roadway Width

Arch bridges can be widened using cantilevered deck sections. Thieegsitate removing the
existing railings, so it is important to understand how significant the railing is to the historical
significance of the bridge. The original/existing design could be reproduced or serve as the source
for the design of new railgs that conform to current design and safety guidelines. Ca#sign

railings are often an effective and successful way to mitigate or eliminate any adverse effect, and
many acceptable ones have been crash testedgsiaen3.9).

Arch bridgescanats be fAwi denedo by constructwaympar.la par al
urban settings, that orveay pair may be separated in order to use the existing street pattern.

3.7 T Beam and Slab Bridges
3.7.1 Appropriate Maintenance and Preservaton Treatments- T Beam and Slab Bridges

Keep Concrete Decks, Joints and Drains in Good Condition

Keep deck watertight by making sure that the joints/seals are intact, the drains are clear and the
concrete is not cracked. This will prevent deck concpaéssthat may be caused by expansion of
corroded internal reinforcing steel, as well as protect the beams and the substructure units from being
subjected to any extra water or debris that could promote corrosion or allow moisture to be retained
on the bems or pier caps. Deck cracks should be sealed and scuppers and bridge drainage systems
should be cleaned and kept open. If not already in place, adequate means of draining water away
from the bridge should be installed. Expansion joints should alsed®st] and kept in good repair

or replaced as needed.

Keep Bridge Watertight

Keep all concrete watertight so that moisture and any deicing or marine salts are not allowed to
penetrate the structuaad cause corrosion in the internal reinforcing steieling problems under a
pneumatically or troweled application of cementitious materials, including shotcrete and bagged
masonry cement, does not address the cause(s) of the problems or contribute to their solution and it
is not a suitable strategy. With jper substrate preparation, shotcrete can be used to repair reinforced
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concret e, but it should never be used to Asol v
sure that the structure is watertight.
Bearings

Many older reinforced concrete teeabeand slab bridges have minimal bearing devices, such as felt
paper to serve as a bond breaker between the superstructure and subs@wetutieme, many of

these sorts of bearings tend to stop functioning due to deterioration of the bond bi¢akany

bridges, this results in little negative impact to the structdi@vever, if the bridge shows signs of
distress due to expansion and contraction of the superstructure, work to reset a functional bearing
may be in orderThe bearings are not histoaily significant, so modifications can be made with no
adverse effect.

3.7.2 Appropriate Rehabilitation Treatments - T Beam and Slab Bridges

Because the deck is integral withe tee beamand slabs, it is difficult to increase the structural
capacityof this bridge type. Generallyehabilitation treatments are limited save for repair of
deteriorated material. Slab bridges are most often known to have superior load carrying capacity,
and therefore structural capigcis not usually an issudon-structural solutionssuch as load
restrictions and making the bridge one lamay be used

Make Repairs with Compatible Material that Matches the Existing Concrete

Any new concrete or repair material needs to visually match the existing material as atosely
possible and also match its physical properties. While it is acceptable to -esgraimed or
polymermodified material, it is important that the properties of the historic and new materials, such
as the coefficient of thermal expansion, modulusasttieity, and strength, are compatible so that the

old and new material will bond well. The new material should be applied only to a properly prepared
substrate where all deteriorated concrete has been removed to expose sound concrete. Corroded or
lost reinforcing steel must be cleaned or replaced. Removal of concrete will typically extend beyond
the level of the reinforcing steel so that the patch encapsulates it and thus provides the mechanical
attachment for the repair. Failure to address the sogadhéhe substrate often results in the failure

of the repair and continued deterioration of the bridge.

Preservation Briefs 15: Preservation of Historic Concrete: Problems and General Approaches
(Appendix B) describes the proper strategy for plananthexecuting concrete repairs. Test patches,
including finishing techniques, on inconspicuous parts of the structure should be done and allowed to
cure completely before being evaluated. The new material should match the existing in color,
composition andfinish. This may require rubbing or a mild pressure wash to achieve the
Aweat heredod appear anc e Presértaton Briefs 21 Rapajnting $Mortdre s ¢ r i
Joints in Historic Masonry Building®\ppendix B)should be followed to achieve a propatghing
concrete. The fAbriefso should also be consul te
mortar joints between precast elements on railings and any architectural detailing on the bridge.

All repairs should be done in a mannetttiegroduces originaletailing

Increasing Roadway Width
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T beam bridges can be widened slightly using cantilevered deck sections or placing additional
beams. In many instances, T beam bridges already have cantilevered deck sections. Any widening
will necessitate removing the existing railings, so it is important to understand how significant the
railings are to the historical significance of the bridge. The original/existing design could be
reproduced or serve as the source for the design of navgsahat conform to current design and
safety guidelines. Custenesign railings are often an effective and successful way to mitigate or
eliminate any adverse effect, and many acceptable ones have been crash tested.

3.8 Reinforced Concrete Rigid Frane/Box Culvert Bridges

38.1 Appropriate Maintenance and Preservation Treatments Reinforced Concrete Rigid
Frame/Box Culvert Bridges

Refer to section 8.1for conservation of stone veneer and stone masonry that are often components
of rigid frame briges.

Keep Concrete Decks, Joints and Drains in Good Condition

Keep deck watertight by making sure that the joints/seals are intact, the drains are clear and the
concrete is not cracked. This will prevent deck concrete spalls that may be caused &ipexjhan
corroded internal reinforcing steel, as well as protect the beams and the substructure units from being
subjected to any extra water or debris that could promote corrosion or allow moisture to be retained
on the beams or pier caps. Deck cracksikhioe sealed and scuppers and bridge drainage systems
should be cleaned and kept open. If not already in place, adequate means of draining water away
from the bridge should be installed. Expansion joints should also be cleaned and kept in good repair
or replaced as needed.

Keep Bridge Watertight

Keep all concrete watertight so that moisture and any deicing or marine salts are not allowed to
penetrate the structure and cause corrosion in the internal reinforcing steel. Hiding problems under a
pneumaticlly or troweled application of cementitious materials, including shotcrete and bagged
masonry cement, does not address the cause(s) of the problems or contribute to their solution and it

is not a suitable strategy. With proper substrate preparation,etkatan be used to repair reinforced
concrete, but it should never be used to Asol v
sure that the structure is watertight.

3.8.2 Appropriate Rehabilitation Treatments - Reinforced Concrete Rigid FraméBox
Culvert Bridges

Rigid frame bridges are known to have superior load carrying capsastyuctural capacity is not
usually an issue. Given the design of rigid frame and box briddese the abutments and slab are
integral, it is difficult to incease the structural capacity of this bridge type. -Btamctural solutions
may be used such as load restrictions and making the bridge one lane.

Make Repairs with Compatible Material that Matches the Existing Concrete
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Any new concrete or repair materiaeds to visually match the existing material as closely as
possible and also match its physical properties. While it is acceptable to -esgraimed or
polymermodified material, it is important that the properties of the historic and new matescals, s

as the coefficient of thermal expansion, modulus of elasticity, and strength, are compatible so that the
old and new material will bond well. The new material should be applied only to a properly prepared
substrate where all deteriorated concrete lbas bemoved to expose sound concrete. Corroded or

lost reinforcing steel must be cleaned or replaced. Removal of concrete will typically extend beyond
the level of the reinforcing steel so that the patch encapsulates it and thus provides the mechanical
attachment for the repair. Failure to address the soundness of the substrate often results in the failure
of the repair and continued deterioration of the bridge.

Preservation Briefs 15: Preservation of Historic Concrete: Problems and General Approaches
(Appendix B) describes the proper strategy for planning and executing concrete repairs. Test patches,
including finishing techniques, on inconspicuous parts of the structure should be done and allowed to
cure completely before being evaluated. The newenatshould match the existing in color,
composition and finish. This may require rubbing or a mild pressure wash to achieve the
Aweat heredod appear anc e Presértaton Briefs 21 Rapajnting $Mortdre s ¢ r i
Joints in Historic Masonry Buildigs(Appendix B)should be followed to achieve a proper patching
concrete. The fAbriefso should also be consulte
mortar joints between precast elements on railings and any architectural detaihiegoodge.

Hiding problems under a pneumatically or troweled application of cementitious materials, including
shotcrete and bagged masonry cement, does not address the cause(s) of the problems or contribute to
their solution, and it is not a suitablkeagegy. With proper substrate preparation, shotcrete can be
used to repair reinforced concrete, but it s
problems without first making sure that the structure is watertight.

All repairs should be done ia manner that reproduces original detailing.
39 Bridge Railings

On some bridges, but certainly not adlilings can be an important feature of historic bridges. On
aesthetic bridges, they are integral to the overall design scheme. In histoictsdisis often the
material and scale of the railings that make the bridge a contributing feature important to conveying
its historic character. For these and other reasons,daeiigea desire to retain original railings on
historic bridges If the actual railingcannot be retained due to condition, modern requirements, or
other factors, new railings are often desired to mimic or nthefppearance of the originalhis

desire to preserve the fabric and style of the old railing is commonlyiyede be a conflict with
modern safetpriented railings that meet current design criteria, but the state of the practice is such
that there are many appropriate solutiorat Hatisfy both considerations.
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39.1 Appropriate Maintenance and Preservaton Treatments- Bridge Railings

Keep Historic Railings In Place

The singlamost effective treatment is to keep the historic/original railings in place and in good repair
using generally accepted maintenance practices. Appropriate means to conservetamdmeal,

stone, stone veneer, and reinforced concrete bridge railings are the same as for metal, stone, and
reinforced concrete bridge types described in previous sections.

Figure 3.9.21. Architectural railings are important features of bridgesaorthy of preservation. There are
conventional means to restore them, even make them crashworthy, as demonstrated by Indianola Avenue in
Columbus.

Keep Original Railings In Place Behind Place Crashvorthy Traffic Barrier s

Railingson historicbridge ar e often substandard because the
for crashworthiness, adequacy of geometry and safety. Railings on historic bridges frequently do not
meet present guidelines for heigltome aesthetic railings can also creatggimg and pocketing

problems that result in excessive and unacceptable vehicular deceleration.

Railings can be a visually important aspect of a bridge. It is desirable to leave the existing railing in
place and place a new crash tested barrier systéme atirbline in front of the old railings. The
original bridge rail material should not be removed to accommodate installation of the new railings
and the connection details. Options include Kansas corral raitgam guide rails, and steel post

and tubeailings.

3.92  Appropriate Rehabilitation and Replacementlreatments - Bridge Railings

Many railing systems and traffic barriers on historic bridges do not meet current safety standards for
crashworthiness, minimum height, adequacy of guardrailseagpiproaches, or the transition
between the two systems. They are therefore evaluated as substandard and obsolete. Additionally,
older railings may be deteriorated due to normal deterioration and deferred maintenance. On some,
the opening size betweendimidual rail components can create snagging hazards and pocketing
problems that can result in unacceptable vehicular deceleration. This can be an issue if the bridge is
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