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Executive Summary

The advent of multimedia technology provides an excellent opportunity for the development of
tools to train engineers on the various practices used by the Alabama Department of
Transportation (ALDOT) for assessing and repairing structures. Multimedia training tools can
also provide easy access to the guidelines for evaluating structural damage, and step-by-step
instructions for the remedial processes that are used by ALDOT. Multimedia technology is
advantageous because it can be easily modified to accommodate future changes in inspection and
repair procedures exercised by ALDOT.

Bridge inspectors have the difficult task of accurately assessing the condition of an existing
structure. While concrete bridge inspection requires extensive knowledge of concrete behavior
and careful examination of structural components, timber bridge inspectors must understand the
biotic and physical factors associated with wood deterioration as well as the relative rate at
which these processes occur in a given environment. ALDOT bridge workers must also be
familiar with specially coded bridge inspection and maintenance forms such as the Bridge
Inspection Condition Report (BI-5) form and the Bridge Maintenance Needed (BI-9) form. Such
forms are used to appropriately evaluate bridge conditions and to request necessary remedial
work.

This project focused on providing guidelines for conducting concrete and timber bridge
inspections for ALDOT, and evaluating and understanding the various maintenance procedures
available for this purpose. A self-training tool was developed in the form of a multimedia CD-
ROM/web site, intended to provide inspectors with an understanding of the general
characteristics of deterioration and the concepts related to inspection procedures. This tool can be
very valuable to ALDOT and county engineers because it describes procedures for inspecting
existing bridges. It also has step-by-step instructions, accompanied by photographic illustrations,
for the various maintenance procedures utilized by ALDOT.

The developed website will be maintained in the Civil and Environmental Engineering
Department at The University of Alabama in Huntsville, where it will be periodically updated by
the Principal Investigator.
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1.0 Introduction

The objective of this research project was to create a multimedia product to assist the Alabama
Department of Transportation (ALDOT) in evaluating the damage to timber bridges and
estimating costs associated with remedial procedures. This self guided tool will cover the
fundamentals of bridge inspection for decay and deterioration.

The age distribution of national bridges indicates increasing deterioration of structures
constructed in the 1930s and earlier, and a parallel need for improvement of bridges built during
the Interstate period. According to Xanthakos (1996), of the nation’s 577,000 bridges about 40
percent are structurally deficient or functionally obsolete. A deficiency occurs when a
performance element is at or below a specified minimum level, generally established from a
consensus of technical expertise within the engineering discipline. Deficiencies in the bridge
system are categorized as a variety of physical and operating problems such as high level of
congestion or riding discomfort, inadequate load capacity, compromised safety or other related
conditions.

Damage to concrete bridges may be caused by collision impact or by defects brought about by
gradual aging of the structure. Concrete tends to crack and lose strength after being exposed to
the environment for a long period of time. Reinforcing steel is also subject to corrosion when
exposed to the elements. Wood used for timber bridges is subject to deterioration by a variety of
agents (Ritter 1992). Damage ranges from relatively minor discolorations caused by fungi or
chemicals to more serious decay and insect attack.

Maintenance operations can be undertaken to correct situations that could otherwise lead to the
difficult task of accurately assessing the condition of an existing structure. Inspectors must
understand the characteristics of bridge materials and the causes associated with their
deterioration, as well as the relative rate at which it occurs in a given environment.

The advent of multimedia technology provides an excellent opportunity to train engineers in the
design, inspection and repair practices used in civil engineering. In addition to the accessibility
of this self-guided tool, multimedia technology is easily adaptable and extensible to future
changes.



2.0 Methodology

The groundwork for this project started with a literature review, which helped the Principal
Investigator understand the different techniques available for the assessment of bridges. To make
the process of bridge evaluation and repair manageable the project was divided into two main
parts: concrete and timber. ALDOT engineers recommended that the focus be on creating a
multimedia tool that would help maintenance employees interpret the various methods and tools
required for inspection and maintenance of bridges.

The concrete section provides engineers with tools that outline step-by-step details for concrete
bridge maintenance and structural repair, while the timber section provides such details for
maintaining and repairing timber bridges. ALDOT personnel also suggested making field visits
with ALDOT maintenance employees as repairs were being made. During this process, a project
assistant took pictures of several timber bridges in Alabama for illustrative purposes.

The Principal Investigator of the project met with managers of the ALDOT Maintenance Bureau
on a regular basis. Bridge maintenance personnel frequently reviewed and commented on the
materials as they were developed during this project. Their comments and recommendations
were addressed and incorporated in the final multimedia resource package.



3.0 Website/CD-ROM Description

The multimedia resource includes a main homepage which presents the two main sections of the
module, Concrete and Timber. The following is a description of these sections and their
respective links.

3.1 Main Homepage

The main homepage presents the main concrete and timber sections with links to the various
parts of each section (see Figure 3-1).
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Figure 3-1. Home page of the ALDOT concrete and timber bridge repair website



3.2 Concrete
Home
This link takes the user to the concrete bridge homepage, which includes a welcome greeting and

a brief description of the purpose of the web site. A web search tool is also provided on the left
side of the page (see Figure 3-2).
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Inspection

The inspection link takes users to the guidelines for conducting concrete bridge inspections.
ALDOT bridge inspectors use the Bridge Inspection Condition Report (BI-5) for evaluating and
recording the condition of bridges. The website provides step-by-step instructions, explaining
exactly what the inspector should look for and how to assign the appropriate condition rating.
This report is coded and special knowledge of the coding is required.

The inspection page contains a series of drop menus containing items 1 through 293 of the BI-5
form (see Figure 3-3). When a particular item is selected from the drop menu, a description of
that item is displayed, along with instructions for entering the coded rating. Only items 58
through 62 are associated with concrete bridge inspections.
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When an item is selected from the inspection page, a description of that item is displayed
followed by instructions for rating its subitems. Guidelines such as “What to Rate”, “Typical
Types” and “What to Look For” are also included.

For demonstrational purposes, the following information is a reproduction of the information
provided when Item 58 is selected from the inspection page. The illustration begins on the
following paragraph and ends on page 14.

FhkkkAk Rk Rk xR+ *Begin Bridge Inspection Manual Information for Item 58%*****xkkkakkakkkx

Item Code: 58

Topics: DECK

Digits: 1 DIGITS

Description: This item describes the overall condition rating of the deck. If the structure is a
bridge, each component of the deck is rated using the BI-5 form before an overall condition
rating for the deck can be determined. Each subitem is coded and then an overall condition rating
is determined for the deck. The overall condition rating will also be displayed on screen 10 of the
BI-6 form. If the structure is a culvert, a code of “N” will be displayed in the BI-6 module.

In finding the overall condition rating of the deck, the condition of the wearing surface, joints,
expansion devices, curbs, sidewalks, parapets, fascias, bridge rails, and drainage devices are not
considered. The overall condition of the deck is to only consider the structural integrity of the
deck and its capability to carry traffic. However, each of these components is rated on the BI-5
using 1-digit condition codes. Also, pertinent remarks about the specific findings are written on
the BI-5 at the bottom of each item in the Remarks field. If a particular subitem, such as paint, is
not present on the deck, then the subitem is coded “N” for “Not applicable”.

Code  Description

N Not applicable

9 Excellent Condition

8 Very good condition - no problems noted

7 Good condition - some minor problems

6 Satisfactory condition - structural elements show some minor deterioration.

5 Fair condition - all primary structural elements are sound but may have minor section

loss, cracking, spalling or scour.

4 Poor condition - advanced condition loss, deterioration spalling or scour.



3 Serious condition - loss of section, deterioration, spalling or scour may have seriously
affected primary structural components. Local failures are possible. Fatigue cracks in
steel or shear cracks in concrete may be present.

2 Critical condition - advanced deterioration of primary structural Elements. Fatigue
cracks in steel or shear cracks in concrete may be present or scour may have removed
substructure support. Unless closely monitored it may be necessary to close the
structure until corrective action is taken.

1 Imminent failure condition - major deterioration or section loss present in critical
structural components or obvious vertical or horizontal movement affecting structure
stability. Structure is closed to traffic but corrective action may put it back in light
service.

0 Failed condition - out of service: beyond corrective action

All the subitems listed under Item 58-Deck are described below.

Subitem 58.1--WEARING SURFACE
Use a 1-digit code to describe the overall condition rating of the deck-wearing surface.

What to Rate: The physical condition and riding quality of the wearing surface are examined and
rated. When the wearing surface is monolithic with the structural deck, only the surface that
vehicles bear on is rated. When the wearing course is separate from the structural deck, the full
thickness of the wearing course(s) is considered.

Typical Types: Typical types of wearing surfaces include the following:

1. Asphalt overlays

2. Portland cement concrete overlays

3. Portland cement concrete decks with monolithic wearing surface
4. Steel grating (open of filled)

5. Timber

What to Look For: The type of wearing surface being rated will determine what to look for. A
summary of typical factors includes the following:

1. Asphalt overlays: Look for cracking, raveling, potholing, shoving, rutting, and drying out.

2. Concrete overlays: Look for scaling, spalling, cracking, rutting and exposed reinforcing.

3. Monolithic deck: Check for scaling, spalling, cracking and rutting.

4. Steel gratings: Inspect for broken wells and rivets. Observe for rattling, vibration or deflection
with the passage of traffic. Check the alignment and profile of the grating.



5. Timber: Rough surfaces due to wear are a frequent problem with timber wearing surfaces.
Also, observe if the wearing surface is properly fastened and not rotting. Look for signs of insect
attack or fire damage.

Subitem 58.2--DECK-STRUCTURAL CONDITION

What to Rate: In rating the structural condition of the bridge deck, integral or separate wearing
courses are not included in the deck ratings. Also, deck slabs that can span between substructure
supports (i.e., do not have a separate flooring system) are rated as primary members, not as part
of the deck.

Typical Types: Listed below are typical types of bridge decks.

1. Concrete with separate wearing courses

2. Concrete with integral wearing courses

3. Concrete with or without stay-in-place forms
4. Open and filled steel grating

5. Metal orthotropic

6. Timber

What to Look For: On concrete deck slabs, check for scaling, spalling, cracking, efflorescence,
dampness, potholing, delamination, chloride contamination, full or partial depth failures and
leakage. Frequently leakage appears on steel supporting members indicating that deck
deterioration is taking place. Look very closely at the underside of the deck along curb lines, near
joints, and at other low areas of the deck where deterioration normally starts. When rating
concrete deck slabs, remember that concrete deterioration normally starts at the top of the deck
and along its periphery. From these locations the deterioration progresses downward and inward
until the entire slab is involved. Therefore, when minor deterioration is observed on the bottom
of a slab, there is a good chance that the deterioration is much worse above this point and the
slab is rated accordingly. For concrete decks with stay-in-place forms, inspect the forms and
supporting beams for rust and other signs of leakage coming through the deck. With open steel
grating decks, look for broken welds and rivets. Check alignment and profile of open and filled
grating decks. Look to see that gratings are properly bearing on supporting members. Check the
grating for cracks and listen for the sound of loose grating as traffic crosses the bridge. On
orthotropic decks, check for leakage, corrosion, loss of section, and proper support. Timber
decks are observed for looseness, dampness, decay, splitting, crushing, fastener failure and wear.
Especially close attention is given to locations where timber decking rests on other members.
These areas hold water and are frequently damp and especially vulnerable to decay. Observe all
decks with the passage of live loads. Look for excess deflection and listen for any unusual
sounds with the passage of live loads.



Subitem 58.3--CURBS
Use a 1-digit code to describe the overall condition of the curbs.

What to Rate: Rate the physical condition of the curb and its ability to function as originally
designed.

Typical types: Listed below are typical types of material of which curbs are frequently
constructed:

1. Granite

2. Steel

3. Concrete

4. Timber

What to Look For: A summary of what to look for in evaluating the overall condition of a curb
follows below:

1. General: Always check for impact damage and proper alignment. Be alert to the fact that
overlaying bridge decks will lower curb heights and reduce the effectiveness of the curb, as
originally designed. The curb is not rated based on its ability to meet present- day design
standards.

2. Granite: Look for broken or loose sections.

3. Steel: Check for proper anchorage.

4. Concrete: Looking for spalling, scaling and other forms of concrete deterioration. Check for
exposed reinforcing and proper alignment.

Subitem 58.4--MEDIAN
Use a 1-digit code to describe the overall condition rating of the median.

What to Rate: Rate the condition of the median including curbs, concrete backing, stone chips,
guide railing and median barrier.

Typical Types: Listed below are some typical types of median:

1. Raised medians with or without median railing
2. Concrete median barriers

3. Open steel grating

4. Flush medians with stone chips

5. Steel median barriers

6. Guide railing

What to Look For: Inspect median, curbs, concrete backing, stone chips, guide railing, and media
barrier when they exist. The lowest rated of these is coded under this subitem Flush medians are



not rated under this subitem, unless they have open steel grating, median barrier, guide railing, or
a stone chips surface. For these four exceptions, the lowest rated of the four elements present is
coded on the form. Inspect the appropriate elements for deterioration, signs of physical distress,
proper alignment, and proper supports.

Subitem 58.5--SIDEWALKS
Use a 1-digit code to describe the overall condition rating of the sidewalks.

What to Rate: Consider the condition of both the sidewalk and the deck fascia in rating this
subitem. However, only the lowest rated of the two elements is coded on the inspection
form.Sidewalks and fascias are usually constructed of the following materials:

1. Concrete
2. Timber
3. Metal

4. Masonry

What to Look For: All sidewalks are inspected for their walking surface quality. Sidewalks that
behave as a structural element and not merely as an overlay, are inspected for their structural
ability to span between supports. When inspecting fascias, look for the normal signs of material
deterioration. Be aware that one common Function of a fascia is to support railing anchorages. If
serious deterioration has occurred and it is no longer capable of supporting railing anchorages as
originally intended, it is rated no higher than 3. Fascias can also cause problems if pieces of
concrete fall on pedestrians or vehicular traffic under the bridge.

Subitem 58.6--RAILING
Use a 1-digit code to describe the overall condition of the railing.

What to Rate: Railings and parapets are inspected and rated for physical condition and for their
ability to function as originally designed. A railing is not rated based on its ability to meet
current design standards. When both railings and parapets occur on the same span, the lowest
rated of the two elements is coded.

Typical Types: Bridge railings and parapets are usually constructed of the following types of
material:

1. Steel

2. Aluminum
3. Concrete
4. Timber

5. Masonry
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What to Look For: The elements are examined for deterioration and impact damage. Metal
elements are inspected for cracks and section loss due to corrosion. Special attention is given to
fasteners and anchorages. On concrete members, look for spalls cracks, and efflorescence.
Timber components are inspected for splitting, rot insect attack and proper connection to
supporting members. Do not consider railing paint in rating this subitem. Railing paint or
galvanizing is rated under the “Paint” subitem as explained in the next paragraph.

Subitem 58.7--PAINT
Use a 1-digit code to describe the overall condition of the railing paint.

What to Rate: Rate the condition of the protective system on metal bridge railing, lighting
standards, or any other component of the deck which may be galvanized or painted.

What to Look For: Look for cracking, chipping, scaling, rust pimples, and excessive chalking. If
the paint film has disintegrated, note whether the prime coat or the metal surface is exposed.

Subitem 58.8--DRAINS
Use a 1-digit code to describe the overall condition of the deck drainage.

What to Rate: Rate the ability of the approach drainage system to prevent water from running
into the bridge and of the deck for its ability to remove water from the bridge and approach
roadway.

What to Look For: Normally the approaches are drained by crowding the roadway and sloping
the shoulders to side ditches, gutters or catch basins. Check for pavements that are no longer
crowded, have high shoulders, or have low spots, eroded ditches or gutters, gutters filled with
debris, and clogged catch basins. Check for water ponding on the approaches creating the
possibility of hydroplaning. Check the high end of bridges on continuous grades for water
running onto the bridge. Inspect the physical condition of the elements comprising the drainage
system, such as scupper grates, downspouts, piping, downspout hoppers, etc. Be sure that the
system is not plugged with debris and that water is being diverted so that it does not promote
deterioration of a bridge element.

Rating: The numerical code indicates the condition and effectiveness of the approach drainage
system. A rating of “8” would indicate an effective system in nearly new condition. Gutters filled
with mud or debris or other minor deficiencies which do not cause a serious problem with the
drainage from the approach roadway would be rated “5” or “6”. Erosion of gutters would be
rated “5” to “3” depending on severity. Any condition which causes ponding on the approach
roadway or allows water to run onto the structure is rate “1” or “2”.

11



Subitem 58.9--LIGHTING STANDARDS
Use a 1-digit code to describe the overall rating of the lighting standards.

What to Rate:. Rate the lighting standards and supports on a per span basis. Rate any type of
lighting, i.e., roadway lighting, sign lights, traffic control, navigational lights, or aerial
obstruction lights.

What to Look For: On concrete supports, look for cracks and spalls. On steel supports, check for
rust, corrosion and cracks. On aluminum supports, check for fatigue crack particularly on
roadway lights. On timber supports, check for rotting, insect attack, and splitting. Check all
supports for loose connections, vandalism, and collision damage.

Subitem 58.10--UTILITIES

Use a 1-digit code to describe the overall condition of the utilities on the bridge. Typical utilities
are gas, water, electricity, cable TV, telephone and sewage.

What to Rate: Rate the condition of the utilities on the structure on a per span basis. This
includes the pipes, ducts, conduits, wires, junction boxes, expansion joints, valves, vents, and
insulation. Supports and braces are also rated under this subitem. The condition of the paint, if
any, is rated under the “Deck Paint” subitem.

What to Look For: Check pieces of ducts for leaks, breaks, cracks, rust and deteriorated
coverings. If abutment settlement has occurred, check for breaks and expansion joint problems.
Check for water and sewage leaking onto decks or members and causing a corrosion problem.
Check that the utilities below the bridge are not reducing the vertical clearance of freeboard.
Check vents and drains on encasements of pressure pipes. Check electrical wiring for loose wires
and bad insulation. Check junction boxes for moisture, drainage, insulation, and that the cover is
in place. Check for cracks in conduits in sidewalks if there are cracks in the sidewalks. Check
overhead lines for hanging objects. Check the condition of the supports and hangers for pipes
and conduits.

Subitem 58.11--JOINT LEAKAGE

Use a 1-digit code to describe the overall condition of the deck joints in regard to their ability to
seal out water. If the deck joints were not designed to seal out water, then a rating of “N” is
assigned to this subitem.

What to Rate: Rate the overall condition of sealed joints for their ability to seal out water and
debris.

What to Look For: Look for debris in the joint. Discoloration of the underside of the deck in the
vicinity of the joint is also an indication that the joint may be leaking.

12



Rating: Joints which are designed to seal out water, but do not, are downrated for their failure to
function as designed. If the joint leakage is causing deterioration to the bearings, girders,
pedestals, etc., then this subitem is further downrated.

Similarly, clogged joint troughs or plumbing systems result in a downrating depending upon the
problem the clogging is causing. Any exposed part of the joint plumbing system is also rated
under this subitem.

Subitem 58.12--EXPANSION JOINTS/DEVICES

Use a 1-digit code to describe the overall condition of the expansion joints.

What to Rate: Rate the condition of all transverse deck joints. Include the condition of the
adjacent header concrete at the abutment and the smoothness of the transition to the deck in
determining the rating. Baffles, troughs, plumbing, and joint support framing are included in the
rating for this subitem. Also, the joint opening measurements entered for items 221, 223, and 224
are considered when rating this subitem.

Exceptions: Bridge types such as rigid frames and filled arches have no joint with the deck.
Certain construction details also result in no joint with the deck.

Typical Types. Typical types of deck joints are listed below:

1. Steel finger joints

2. Sealed armor joints

3. Unsealed armor joints
4. Steel angle joints

5. Propriety sealed joints

What to Look For: Check that the size of opening is reasonable and that there are no horizontal
and vertical displacements of the joint or its elements. Also, check for horizontal misalignment.
Look for debris in the joint or the joint trough and for deterioration of the joint materials. When
under the deck, check for deterioration of the joint supports, deterioration of the joint supports,
deterioration or displacement of troughs and baffles.

Subitem 58.13--COLLISION DAMAGE

Use a I-digit code to describe the overall condition of the collision damage. If the deck has no
collision damage, rate this item “N”.

What to Rate: Rate the overall effect that the condition damage has on the deck in functioning as
designed.

13



What to Look For: Look for evidence of collision damage by trucks, cars, busses, derailed
railroad cars, etc. Damage will be evident in the form of shattered timber, sagging or buckled
steel members, or large longitudinal cracks. Give the location and extent of damage and
determine if immediate repairs are necessary.

Overall Rating

This 1-digit rating describes the overall condition and functional ability of the bridge deck. In
finding the overall condition of the bridge deck, the condition of the wearing surface, joints,
expansion devices, curbs, sidewalks, parapets, fascias, bridge rails, and drainage devices are not
considered. The overall condition of the deck is to only consider the structural integrity of the
deck and its capacity to carry traffic. Once entered the overall rating will be transferred by the
ABIMS computer to update the deck rating displayed in the BI-6 module (Structural Inventory
and Appraisal).

FrkxAFFFxFxARFF*ENd Bridge Inspection Manual Information for Item 58*****axkaxkkskkkkx
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Defects

The defects page provides information about the various defects commonly found in concrete
bridges. It is important that bridge inspectors are familiar with common defects and their causes.
This page contains detailed information about these defects and their causes. Photographic
illustrations are also provided. Figure 3-4 illustrates how this information is presented on the web

page.
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Figure 3-4. Defects web page illustration
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Maintenance

The maintenance section describes the procedures practiced by ALDOT for maintaining and
repairing concrete bridges. The Bridge Maintenance Needed Form (BI-9), Bridge Maintenance
Performance Card (BI-10) and Secondary Road Bridge Maintenance Performance Card (BI-11)
are coded forms used by ALDOT to help coordinate and record their maintenance activities.

Bridge inspectors use the BI-9 form to record the quantity of deficiencies found on a particular
bridge. The BI-10 and BI-11 forms are used to record maintenance activities performed on state
and local bridges respectively.

The website provides detailed information about specific bridge maintenance and repair
procedures practiced by ALDOT. Step-by-step instructions for maintenance procedures are
presented when items are selected from the drop menus (see Figure 3-5). Photographic
illustrations are also provided for the individual steps.
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Figure 3-5. Maintenance home page for the concrete bridge section
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For demonstrational purposes, the following information is a reproduction of the information
provided when Item “B-9 is selected from the maintenance page. The illustration begins on the
following paragraph and ends on page 18.

FhkkxAxAxFxF**Begin lllustration of Item ““B-9”” from the Maintenance Page*********xkxix

ITEM #B-9

Major Deck Repair-Concrete

Description: Major repair or replacement of a significant portion of the concrete deck. Includes
Clean-up, capture, containment, and disposal of any residue
Placement or removal of overlay

The first step in doing a B-9 type repair is to create a safe and
practical environment to work in. This is first done by setting
up proper traffic control procedures.

This particular example was done on a bridge on AL 127. The
inspectors noticed corrosion in the cap and the deck. There was
- significant calcium carbonate residue on both the deck and the
cap that indicated corrosion.
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After the cap was replaced (see B-
18), the crews began removing the
corroded deck materials. The small
pothole seen in the picture ended up
being a hole about 8 feet by 6 feet.
This indicates that the concrete had
. been corroded under the asphalt.
After the hole has been created,
crews install a plywood cover on
the bottom of the deck. The form is
held in place by steel rods.

Once this form is in place the
concrete is poured from
above. The concrete is
allowed to set for about 6
hours.

And then heavy steel plates are bolted to the old deck to provide
support to traffic. About 48 hours after the concrete was poured,

FhkFxxAxFxFxFX*FXEN Hlustration of Item ““B-9”” from the Maintenance Page*****x#xkxkkkkx
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Glossary

This page contains a list of key words that are relevant to the project along with their definitions
(see Figure 3-6).

CONCRETE GLOSSARY

CONCRETE GLOSSARY ?
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Abuzaent -
t he support structare at ether end of an arch or brdge, the mbsrmedany
supports are called piers

Alumismm -
a hightwewght chenucal element (AL, the mest abandant metalke element @
{the Earth's crust

Anchorage -
a eecure feng, usvally made of reinforeed concrete to wihach the cables ace
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Amquedugt -
a bridge or chammel for conveymg water, uwually over Jong distances

Arch Bridge -

a purved struchore that converts the downward force of it cwn weight, and
of any weight pressmg down on tep of B mbo an cotarard force along s
mdes and bars
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Figure 3-6. Concrete bridge glossary page containing words cited and their definitions
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Gallery
The Gallery contains photos taken while several maintenance and inspection procedures were

being conducted. This section also includes photos of a number of existing concrete bridges in
Alabama (see Figure 3-7). Figure 3-8 shows a typical photo that can be found in this section.
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Figure 3-7. Concrete gallery containing photos of Alabama concrete bridges and work in progress
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Figure 3-8. Photo of concrete bridge inspection in progress
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Video

This section contains footage of several inspection and repair procedures in process (see Figure
3-9).
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Figure 3-9. Video section containing clips of several maintenance and inspection procedures
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Links to External Sites

External links take the user to the home pages of the ALDOT and Federal Highway
Administration (FHWA) websites (see Figures 3-10 and 3-11).
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Figure 3-10. Main home page of the ALDOT web site accessed from the ALDOT link
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Figure 3-11. Main home page of the FHWA web site accessed from the FHWA link




3.3 Timber
Home
This link takes the user to the timber bridge homepage, which includes a welcome greeting and a

brief description of the purpose of the web site. A web search tool is also provided on this page,
(see Figure 3-12).
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Figure 3-12. Main home page of the timber bridge web site accessed from the home link

Inspection

This section covers the fundamentals of timber bridge inspection for decay and deterioration.
Timber bridge inspectors have the difficult task of accurately assessing the condition of an
existing structure. They must understand the biotic and physical factors associated with wood
deterioration as well as the relative rate at which these processes occur in a given environment.
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Timber inspection is a learned process that requires some knowledge of wood pathology, wood
technology, and timber engineering.

The inspection section identifies the agents of deterioration, and summarizes inspection methods
and strength loss caused by decaying of wood. The homepage contains an introduction to timber
bridge inspection and the following links: Index, Agents for Wood Deterioration, Inspection
Procedures, and Strength Loss from Decay (see Figure 3-13). The index provides an outline of
the information contained throughout the section (see Figure 3-14). Users may use this page to
assist in finding specific content.
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Figure 3-13. Inspection page of the ALDOT timber bridge repair website
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Figure 3-14. Inspection outline accessed from index link

A description of each link follows:

Agents for Wood Deterioration. This section contains detailed information about the various
agents of wood deterioration. These agents are classified as biotic or physical and a link to each
type is included on this page (see Figure 3-15). The inspector’s familiarity with the agents of
deterioration is one of the most important aids in effective bridge inspection. With this
knowledge, inspection can be approached with a thorough understanding of the processes
involved in deterioration and the factors that favor or inhibit its development.
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AGENTE FOR WOOD DETERTORATION

Wood detencrabon i & process that adversely akers wood propertes In bread terms, i can be attmbuted to twe
prunary causes. biohc (ivieg) agests and physical (poslveg) agents In most cases, wood deteriodation & a
centinaum, whereon the degradng actions from ene or mers agents alter wood properties to the degres requansd
for othver agents to sttack The mepecter’s faenilianty wath the agents of detericrabion 12 one of the mest onportant
iy in effectee bnidge inspection With this  knowledge, wmspection can be approached wath a therough
understandng of the processes zvohed m detencrabon and the Eactors that Favar or mbubat #ts development.

intic nts for Woo riaration

Physical Agents for Wond Detarioration

i S
e ssSwems
e
e s L
B e L
e E
L e
s —
e

ARRRRRN

Il
W
—
Y
‘ L]

&1 Dore

Figure 3-15. Web page introducing biotic and physical agents responsible for wood deterioration

Methods for Detecting Deterioration. This section provides detailed information about the
different methods used for detecting deterioration. They are divided into two categories, those
for exterior deterioration and those for interior deterioration. Both are thoroughly covered in this
section.

Unfortunately, the ability to detect wood deterioration has lagged far behind the knowledge of
deterioration mechanisms. As a result, inspection processes vary widely among regions, although
the tools of the trade are fairly standard. There is no magic box that will accurately determine the
condition of a given structure, but a number of tools used in combination can give a reasonable
estimate of the amount and degree of wood deterioration present.

Three methods for detecting exterior deterioration are described, namely Visual Inspection,

Probing and Pick Test. Each procedure is described in detail and photographs are included for
illustrative purposes (see Figure 3-16).
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Figure 3-16. Web page containing instructions for conducting a pick test

Inspection Procedures. This section provides the inspector with an understanding of the
general characteristics of deterioration and the concepts related to inspection procedures. Bridge
inspection can be divided into three major steps: pre-inspection evaluation, field inspection, and
preparation of reports and records. All three of these major steps are covered in full detail in this
section of the module (see Figure 3-17).

Inspection procedures for timber bridges depend on variables such as the age and type of bridge
and the environment in which the bridge is located. Therefore, detailed recommendations for
specific procedures are somewhat impractical. In general, the inspector must thoroughly examine
the bridge for decay and other deterioration and record findings in sufficient detail for an
engineering appraisal. The specific procedures and methods, however, vary substantially from
bridge to bridge. Although the procedures in each step vary among bridges, the basic process is
the same.
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IMSFECTION FROCEDURES

Inspection procedimes for tmber bndges depend oo such vamabler as the age and type of bodge and the
emironenent o wioch the bedge is located. Therefore, detailed recommendations for specdic procedares are
somewhat mprachcal In general, the mepector most thoroughly examene the bridge for decay and ofher
detenaraben and record fndmgs i sufficsent detal for an engmesnng appraical The specific procedures and
methods, hewever, will vary substantally from badge te bridge

Bexdge nspecton can be daded into theee major steps premspection evahiabion, Geld inspoction, and preparatson
of repeorts and records Akhough the specific procs dures i each step wary among bndges, the basic process & the
samne. Discudsons in this section are mtended to prowvide the mspectar with an understanding of the general
charactenshcs of detenorabion and the concepts related to mapecton procedurss. With this upder-standng. specific
mepection procedures can be developed that are best sted to & parbculsr struchare.
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Figure 3-17. Inspection procedures web page
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Strength Loss from Decay. This section describes different methods that can be used to

accurately assess the strength loss caused by decay of timber bridge systems in different stages:
advanced, intermediate or incipient (see Figure 3-18).
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STRENGTH LOSSE FROM DECAY

Endge members mfected with decay fing expenence progressve strength loss as the fimg develop and degrade
the waod strucnre. The degres of strength reduction depende oo the area of the infecton and the mage of decay
development, whether advanced, mtermediate, or mcpiers In the sdvanced or mtermediate stages, wood
detenarabcn has progressed bo the pont where no strength remams i mfected areas. Ar this stage, suibsble
detection metheds can be wed by the mspector to acourately define the affected areas with some degree of
certamty. At the mepient o early stages of develapment, detection = much more dfficult and the effect of srepgth
lose vares among iypes of fong

Little wfermation emst: oo assedeng strength less at the moipeent stage: of decay, bt several researchers have
comelated strength to wesght lozs m small weod samples. These ivvestigatons Eeand that strength loss ssseciated
with seame brown rot Bing: can be as high as 50 te 70 percent when the weight of reduced by only 3 percent or less.
These findings are especially sgnficaat for tmber badges becaose (1) most bndae decay &5 Fram brown rot rather
than white rot fingg, (2 incptent brown rot decay, with its munimal wesght loss, 15 dificult to detect, and (3) the
sffects of brown rof fisg vsually etend a subgtantial Bstance oway fom areas where decay = vsible.
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Altheugh the strength effects for wiote rot fimg may be lese than these for brown rol, dferenbating between the
oee 15 mot posmble in the Geld Thus, all decay shonld be assumed o be spnficant In light of the largs srength
lozees assonated wath early brown rot developenent, it 15 recommended that oo strength walae be assgned to wood
dhomang endence of decay moany stage of development. Although this approach may result in a shghtly
conservative evaluabion m some instances, it i the only safe approach for assessng strength, geen the largs mamber
of vanables wvelesd. Akhough sumerous cores may be taken to define the decayed area, the posshility remans
that the entwe area of mfschon will not have been sampled Addmonaly, decay will contnue to farther reduce
sirength unless mrenediate saedenames achions are undertaloen bo arcest ibs growth
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Defects

The Defects section contains detailed information on the various types of defects commonly
found in Alabama timber bridges and the damages to which they are subjected. Such defects
include shakes, checks, splits, biodetoriation, fungus, insect infestation, marine borers, pine
beetles and termites. The cause of each type of defect is described and photos are provided of
existing defective structures. Figure 3-19 gives an illustration of how this information is
presented on the web page.
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Figure 3-19. Sample of the information available on the timber bridge defects web page
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Maintenance

This section of the module focuses on the current methods used for maintaining and repairing
timber bridges. Because deficiencies develop from a variety of causes, it is impractical to address
each type of potential problem. Rather, preventative and remedial methods that can be adapted to
the specific circumstances of the structure are discussed.

The maintenance homepage contains an introduction to timber bridge maintenance and the
following links: Index, Moisture Control, In-Place Preservative Treatment, Mechanical Repair,
Epoxy Repair, and Component Replacement (see Figure 3-20). The index page outlines the
content of this section with links enabling users to have quick access a specific topic of interest
(see Figure 3-21). The next pages describe the topics.
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Figure 3-20. Maintenance homepage of the ALDOT timber repair website

33



THE UNIVERSITY GF ALABAM,

CONCRETE MAINTENANCE AND REHABILITATION OF TIMBER BRIDGES

zhack

INDEX

1. Intraduction

. Moistare Contral

JInplace Preseryative Treatment
Swifare Treatment
Fugimants
Precautions for In-place Treatment

4 Mechanical Repair
Membar Augmentation
Stress Laminating

5.Epooy Repair

i e
e
R = —
R s T TR
e
e E
| — s
s —
e
- =~
e —

—
E—
—

—

Types of Epaxy Hepairs
Splicing
File Rehabilitation
{irmeral Procediras for Faney Remair

i

Figure 3-21. Maintenance outline accessed by index link

Moisture Control. This section describes the different techniques and methods used to control
moisture in timber bridges (see Figure 3-22).

Moisture control is the simplest, most economical method of reducing the hazard of decay in
timber bridges. It can be used as an effective and practical maintenance technique to extend the
service life of many existing bridges.
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MOISTURE CONTROL

Mesture contral 15 the amplest, most econcmcal method of reducmg the hazard of decay m amber bndges, [t can
b uged as an effective and practical masdeniance techmicqoe 1o eend the fervice B of many easting bridges.
When exponme bo wreting i3 reduced, members can dry to moisnre contents below that requred to support most =
fiurgal and meeet growih (approamately 25 percent) Maisture contral was the coly methed used for protecting
many covered bridges constructed of untreated tmber, fome of which have provided service bees of 100 yrars or
mare (Figere 2-1% Although modemn amber bodges are protected wath presenvative ireatments, decay can shll
QCtur in areas whese the precervative layer 18 shallosr ot broken This damage o the mager cause of detenoration i
tmber bndaes

Motsture control wwolves & commen sense approach of Wentifyng areas with winble wettng or high manssure
coabents, locatmg the source of waler, and takmg carrective achon to ehronate the soarce For exangple, dranage
patterns on approach readwaye can be rerowted to chasmel water away from the bndge rather than coto the decle
Clearmng dirt and debns fom the deck sarface, drans, and other horizortal components also reduces meisture
trapping and iepeoves s circulation (Fygare 2-2). Cae of the most effectne approaches to moshare confrod is
restichng of preventng water passage through the deck Decks that are unperacus te motsture penetrabon sall
protect cribcal enectursl members and substartially reduce the potestial for decay Gldam or strees-laronated
decks aford the best protecton becaase they can be placed to form & wateright rurace. Leaks bebween ghilam
panels or st butt jomnts n siress-larmated decks can be resealed using batummeous roafng cement
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Figure 3-22. Sample of information available on moisture control web page

In-Place Preservative Treatment. This section describes the procedure for in-place
preservative treatment. This treatment involves the application of preservative chemicals to
prevent or arrest decay in existing structures. Two of the most common types of treatment are
described in this section: surface treatments and fumigants (see Figure 3-23). Precautions for in-
place treatment are also described in depth.
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M-FLACE FRESERVATIVE TREATMENT

In-place treatng mvolves the appbcabon of preservatve chemicals to prevent or arest decay n swsng structures,
Twe types of eatieent are commenly usad: seface treatments and firogants. Sixface treatenents are applied to
prevens nfechon of expessd wood, whereas fumgants are used to freat wiemal decay. In-place treatmg can
prowde o safe, sffectve, and sconomocal methed for estending the sernce He of timber badges Mo of the
techmicoes and treatments were dewefoped for use on radroads or uibty poles, for whech they hawe been uged
effectwely for many years A large number of imber bndges have been treated m-place, extendng serace his by as
mech as 20 yeare of mode.

Surface Treatments

Fumigants

RERRINE

Precawtions for In-Flare Treatment
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Figure 3-23. Sample of information available on the website for in-place preservative treatment
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Mechanical Repair. This section describes mechanical repair methods. These methods use steel
fasteners and additional wood or steel components to strengthen or reinforce members. The three
methods of mechanical repair discussed in this section are member augmentation, clamping and
stitching, and stress laminating (see Figure 3-24).
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Figure 3-24. Sample of information available on the website for mechanical repair treatment
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Epoxy Repair. This section describes epoxy repair methods. They consist of basic resins and
resin-hardening agents that are blended in a liquid or gel (putty) form. When mixed, the epoxy
compounds harden to form a solid, durable material that provides a high degree of adhesion to
most clean surfaces.

This section of the module provides a comprehensive discussion of different types of epoxy
repairs that are exercised by ALDOT and county engineers, and the general procedures required
for these epoxy repairs (see Figure 3-25).
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Figure 3-25. Sample of information available on the website for epoxy repair utilized by ALDOT
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Component Replacement. This section describes the method of component replacement
commonly used in situations where a lack of maintenance or other causes leads to deterioration
so severe that replacement of the member is the only economically viable alternative. In these
cases, the structure must be temporarily supported (when required), the old member removed,
and a new one installed in its place (see Figure 3-26).
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Figure 3-26. Component replacement for timber bridges described on the website
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Glossary

This section provides a list of key words cited on the website, words that are relevant to timber
bridges, and their detailed definitions (see Figure 3-27).
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Figure 3-27. Glossary page of the timber bridge repair web site
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Gallery

The gallery section contains pictures of several timber bridges situated across the United States.
It also contains photos of the various defects and repair procedures for timber bridges (see
Figures 3-28 and 3-29).
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Figure 3-28. Web page displaying timber bridges across the United States
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Figure 3-29. Photograph of defective bridge located in Alabama
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Repairs

This section provides details on some Alabama bridges that have been inspected and repaired by
ALDOT and county engineers (see figure 3-30). This section should be especially helpful to new
employees who are in the learning process as bridge inspectors or maintenance/repair personnel.
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Figure 3-30. Timber bridge repair web page
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4.0 Conclusions

The objective of this project was achieved and a web site and CD-ROM were developed using a
wide range of multimedia resources. This module provides quick access to detailed information
on the assessment and repair procedures currently used by the Alabama Department of
Transportation. This module contains two main sections, namely concrete and timber. The
concrete part provides guidelines for conducting inspection and maintenance to concrete bridges
and the timber part provides such guidelines for timber bridges.

The multimedia technology that was developed in this study is advantageous in many ways.
Step-by-step details accompanied by photographic illustrations provide users with a wealth of
information that is easy to understand. Also this type of technology is easily adaptable and
extensible to future changes and can therefore be easily updated whenever procedures and
practices are modified. These advantages make the module an ideal training tool for engineers.

The multimedia web site will be maintained in the Civil & Environmental Engineering

Department at The University of Alabama in Huntsville, where the Principal Investigator will
periodically update it.
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5.0 Recommendations

Three of the nine divisions of ALDOT are responsible for bridge maintenance work throughout
the State. It is costly for ALDOT to undertake work far away from these three divisions. This
tool can be implemented to provide ALDOT and county engineers of all divisions with training
on the various remedial procedures, enabling them to undertake simple repair work on sites
located within close proximity of their division or county. Once this tool is handed over to
ALDOT, maintaining and updating the web site and the CD-ROM in response to future changes
in their inspection and maintenance procedures will be ALDOT’s responsibility.
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