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Timber Preventative Maintenance
Richard King, P.E.

1

Presenter Notes
Presentation Notes
Welcome.  Thank Oregon Association of County Engineers and Surveyors.



Timber Bridge Members
 The age of wood spans human history.    

 Wood was probably the first material used by humans 
to construct a bridge

 Timber is capable of supporting short-term overloads without 
adverse effects   

 Timber bridges can be constructed in virtually any weather 
conditions

 Wood is not damaged by freezing & thawing and 
harmful effects of de-icing agents.

 Timber bridges are easily constructed and they look 
good in natural surroundings2

 Timber’s strength, light weight properties desirable for 
bridge construction 



Timber Bridge Members

•Timber structures can not be installed and then simply walk 
away, hoping that all will be well

With all of the positives and good properties of wood:

•Poor design, poor construction and poor management 
practices can be major factors in the degradation of a 
timber structure

•life of a timber bridge, deterioration can be minimized:
By proper inspection
Timely maintenance
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What Defects to Look For in Timber

• Decay (interior and 
surface)

• Bug infestation
• Crushing of wood
• Cracks, splits, checks, 

and shakes
• Loose connections
• Loose wood members
• Cupping, curling of 

planks
• Fire damage
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What Causes Decay?
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Four Conditions Necessary For Decay to begin:
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• Sufficient Supply of Oxygen
• Favorable Temperature Range
• Adequate Food Supply
• Available Water

Presenter Notes
Presentation Notes
If we can remove any of the four, then we can remove further decay.  We can’t control the temperature or water, but we can control the oxygen content and food supply.
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Causes of Decay in Timber Bridge Members

Fungi

Presenter Notes
Presentation Notes
Check for staining in the timber, a sure sign that water has been leaking onto the wood.  A white fungus growth could be a tell-tale sign that the timber has decay
Fungi enter wood as seed-like spores, through checks or cuts made during construction. Once into the untreated portion of wood, the fungal spores germinate upon finding moist, suitable conditions. Then root-like mycelium grows throughout the wood, causing decay and eventually rot.




Insect Activity

Causes of Decay in Timber Bridge Members
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Presenter Notes
Presentation Notes
Insects such as carpenter ants, CONTRARY to popular belief, carpenter ants will not eat  wood, but they might however, move some of it out of their way; Unlike termites, which live in the ground but eat wood voraciously and can do considerable damage, carpenter ants prefer to establish their nests in hollow areas and inside moist wood.



Causes of Decay in Timber Bridge Members
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Soil Conditions
Perched Water Table

Presenter Notes
Presentation Notes
Decay needs moisture oxygen and water and in some instances there could be a perched water table or granular soil that is constantly wet/dry and allows some oxygen in at the surface-all it takes is one crack in the timber member to allow decay because pressure treatment only penetrates up to 1-2 inches
A perched water table is an accumulation of groundwater located above a water table in an unsaturated zone. The groundwater is usually trapped above a soil layer that is impermeable and forms a lens of saturated material in the unsaturated zone.




Causes of Decay in Timber Bridge Members
Soil Conditions
Granular or Impermeable Soil
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Presenter Notes
Presentation Notes
Sometimes decay below the ground can extend up to 5-6 feet



Causes of Decay in Timber Bridge Members
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Marine Borers (gribble or ship worm)

Presenter Notes
Presentation Notes
One exception where decay or section loss can occur without oxygen and underwater is caused by marine borer (limnoria); many years ago in coastal tidal zones we would test for marine borers using “bug” boards. Limnoria lignorum, commonly known as the gribble, is a species of isopod in the family Limnoriidae. It is found in shallow water in the North Atlantic and North Pacific Ocean where it tunnels into wood and attacks and destroys submerged wooden structures.
marine borer. n any mollusc or crustacean that lives usually in warm seas and destroys wood by boring into and eating it. The gribble and shipworm are the best known since they penetrate any wood in favourable water.
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Where to Find Decay in Timber 
Bridge Members

Wearing Surface
Check for “alligator” cracking,  potholes, or panholes
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Presenter Notes
Presentation Notes
When an asphalt wearing surface is placed over a timber deck, the tell-tale signs of deck in the 2 x 2’s. deck planks or timber slabs is “alligator” cracking in the surface (it looks like the skin of an alligator), or pot holes in the A.C.



Where to Find Decay in Timber 
Bridge Members

Drain holes
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Presenter Notes
Presentation Notes
Where either drains are part of the original bridge construction or installed as an after-thought, if not done properly can cause timber to decay quickly



Where to Find Decay in Timber 
Bridge Members
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Substructure
Check under Leaking Joints

Presenter Notes
Presentation Notes
Leaking joints, especially at the ends or between concrete slabs are cause of decay



Where to Find Decay in Timber 
Bridge Members

Substructure
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Check areas in Inter-Tidal Zone 

Presenter Notes
Presentation Notes
Check areas in inter-tidal zones where the timber can experience constant wet dry cycles but, never dries out completely



Where to Find Decay in Timber Bridge 
Members
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Substructure
Check bracing areas and drift pin area 

Presenter Notes
Presentation Notes
Check where bolts or fasteners connect timber members since water will find an easy way in



Substructure 
Check Timber Piling at/Below Ground Line
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Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Check timber at the ground line or at least 1-2 feet below ground as the timber might sound ok (by hammer sounding ) above ground but, just below the surface decay could be beginning



Check for bulging in members
SUBSTRUCTURE

Where to Find Decay in Timber Bridge 
Members
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Presenter Notes
Presentation Notes
Check for bulges or “rounding” along the sides of timber or fiber crushing
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Substructure
Check bearing areas 

Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Check bearing areas where timber meets timber or other materials (steel and concrete)



Where to Find Decay in Timber Bridge 
Members
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 Contrary to popular
belief, large wood
Members provide good 
Fire resistance

 Fire damage generally
only burns the surface 
of the timber

 If Fire burns through
the treatment, this can
set up conditions for
decay 

Presenter Notes
Presentation Notes
Fire damage generally only burns the surface of the timber but, if it burns through treatment, this can allow decay to eventually occur



Substructure
Check members with checks, splits, and cracks
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Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Timber members with checks, cracks, or splits can easily allow either water or insects to penetrate into the wood.



Definition:
Checks, Splits, and 
Cracks
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Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
It is important to understand the distinction between checks, splits, cracks in Bridge Inspection Coding Guide



Checks

23

Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Check-lengthwise separation of the wood fibers that generally follows the grain of wood (occurs only on one side of the member). Checks are generally caused by differential shrinkage with in the member (drying out); can also be referred to as weather checks.




Splits
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Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Split-lengthwise separation of the wood fibers from one surface to the opposite or adjacent surface.  Can be called a “through” check




Cracks
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Where to Find Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Crack-a crack is generally load related.  It propagates from the tension face (usually bottom of the beam or girder). Can cross the wood grain (slope of grain crack). And occurs full width of the member, reducing capacity




1.) Visual Inspection:
Fruiting bodies

Sunken faces

Bulging faces

Staining or discoloration

Insect activity

Plant or moss growth

•Timber inspection is a learned process that requires 
some knowledge of wood properties and technology.   

Methods for Detecting Exterior Deterioration
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How to Detect Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
We have seen what causes decay in timber, where you can find decay, and now, how do we detect decay in timber?
First is Visual



2) Probing

How to Detect Decay in Timber Bridge 
Members

3) Pick Test

Methods for Detecting Exterior Deterioration cont.

Methods for Detecting Interior 
Deterioration

sounding the wood surface by striking it with a  3lb        
hammer or other object and based on the tonal quality of the 
sounds, a trained inspector can interpret dull or hollow sounds 
that may indicate the presence of large interior voids or decay. 

1) Sounding 
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Presenter Notes
Presentation Notes
Next is non-destructive, low tech testing



Methods for Detecting Interior Deterioration cont.

2) Drilling and Coring

To ensure that bridge inspectors are not spreading 
decay fungi, throughout a structure, while boring, 
drill bits should be sterilized after every hole is drilled.  
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How to Detect Decay in Timber Bridge 
Members

Presenter Notes
Presentation Notes
Slightly more high-tech testing methods



Timber Boring

How to Detect Decay in Timber Bridge 
Members
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Presenter Notes
Presentation Notes
Timber boring where you can actually see the wood shaving to determine if the timber is wet and or decaying




      Timber Boring 



*

Several hundred timber bridges remain on the State and local system;  up until 5-10 years ago we still had timber bridges on Interstate 5; Contrary to what some people believe timber is a very resilient material and can be very tough-I competed in timbersports for about 7 years I remember trying to bucksaw through a 30” dia log and my partner and I hit a knot at 2 o’clock, 6 o’clock and 10 o’clock-you can imagine are times were very slow! 

There are different types of testing for decay in timber such as: sounding, by drill, increment borer, impact echo, and resistograph drill.  But for any of these testing methods to be effective one must sound all of the timber because testing does nor guarantee 100% results.  All it takes is a good ear and the ability to detect whether the drummy sound or rebound is caused by decay a split; Frequency for boring is generally dictated by the environment, treated or untreated; If a piling has been pol-fumed it is not adviseable to bore these since the residual material can make you sick; rule of thumb for frequency is every 6 years in the coastal areas and every 8 years in the drier valley areas. Decay can occur very quickly especially is caused by insects;  for decay to occur you must have oxygen and wet/dry cycle but under certain conditions we have found completely decayed members several feet below the ground.























Suggested Equipment:
• 1/2" Electric Drill (w/reverse)
• Gas Powered Drill (optional)
• Increment Borer (optional)
• 3/8" x 12" ship augers and 3/8" x 18" ship augers (1/2" bits optional)
• 25% Chlorine-Water or Boric Acid Solution in Squirt Bottle
• Cleaning Rags
• Treated or hardwood plugs (1/8" larger than bit size)
• Generator, Hammers, Keel
• Extension Ladder, Measuring Tapes, Ropes
• 3-wire Extension Cords, Bit File, Shovel
• Paper and Pencils, Clipboard, Straight Edge
• Harness, Lanyard, Goggles

How to Detect Decay in Timber Bridge 
Members

30

Presenter Notes
Presentation Notes
Tools needed for timber boring 



How to Detect Decay in Timber Bridge 
Members

31

Presenter Notes
Presentation Notes
Here is a timber boring crew in action
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• Boring Procedure:
• Sterilize drill bit with disinfectant 

before drilling each hole (25% 
chlorine or boric acid solution

• Get base reading: measure the 
exposed bit in the drill chuck

• Drill and record findings on face of 
timber in consecutive order

• In some instances, another boring 
may be useful to get both a 
horizontal And vertical dimension 
of a rotten member

• Plug the drill hole with a treated 
wooden plug. 

• Reasons why a bit will not feed:
– Decay
– Drilling with grain of wood
– Season checks and splits

How to Detect Decay in Timber Bridge 
Members
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Presenter Notes
Presentation Notes
Old method-gas or electric drills; decay detected by feel as the bit pulls into the wood, look at the shavings.
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TIMBER BRIDGE INSPECTION TECHNIQUES
By:  Daniel G. Stromberg and William W. Salsig
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Other devices for detecting decay (Resistograph F400-S)

How to Detect Decay in Timber Bridge 
Members

33

Presenter Notes
Presentation Notes
Newer method of detecting decay in timber; by using a device called a resistograph which measures and records the resistance of the wood.  The more decay the faster the bit will travel into the wood. 
Hopefully you had a an opportunity to try this device out on our timber specimens on the patio
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Other devices for detecting decay

How to Detect Decay in Timber Bridge  
Members

Decay
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Presenter Notes
Presentation Notes
Results of recording on paper “flat line” indicates decay
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Other devices for detecting decay

Solid wood
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How to Detect Decay in Timber Bridge  
Members

Presenter Notes
Presentation Notes
A Recording that looks like this indicates the wood is sound or solid
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How to Detect Decay in Timber Bridge 
Members

36

Resistograph in Action

Presenter Notes
Presentation Notes
Here is the resistograph in action.  What is nice about this device-you can angle the bit below the ground line to search for any decay.  Also, your results are recorded on paper.



Other devices for detecting decay (Resistograph MD 300)
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How to Detect Decay in Timber Bridge  
Members

Presenter Notes
Presentation Notes
A higher production model of the resistograph, the MD 300 , does not record the results but, the operator learns by feel where the decay is concentrated 



• Important for Owner/Agency personnel to 
understand timber inspection procedures
– Check inspectors work to verify results or in 

case member is missed
– Ability to perform cursory inspections for 

monitoring timber members
– Help understand condition of timber bridge 

inventory
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How to Detect Decay in Timber Bridge  
Members

Presenter Notes
Presentation Notes
Important for Owner/Agency personnel to understand timber inspection procedures
Check inspectors work to verify results or in case member is missed
Ability to perform cursory inspections for monitoring timber members
Help understand condition of timber bridge inventory




Pre-Construction Protection Methods of 
Timber

• Pre-treated with preservatives 
to protect against:
– Moisture penetration
– Fungus development
– Pest infestation
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Presenter Notes
Presentation Notes
Now lets examine some preventative measures for prolonging the life of timber/wood
Pre-treated with preservatives to protect against:
Moisture penetration
Fungus development
Pest infestation



Post-Construction Timber Deck Protection 
Methods 

• Overlays 
• Water repellents
• Paints 
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Presenter Notes
Presentation Notes
Overlays 
Water repellents
Paints 




Timber Deck Protection 
Methods: Overlays

• Overlays:
– Asphalt
– Protect against moisture 

penetration and 
abrasion

• “Runners” applied along 
wheel lines:
– Protect the wood from 

abrasion and decay
– Distribute wheel loads 
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Presenter Notes
Presentation Notes
Overlays:
Asphalt
Protect against moisture penetration and abrasion
“Runners” applied along wheel lines:
Protect the wood from abrasion
Distribute wheel loads




Timber Deck Protection 
Methods: Water Repellents

• Economical and simple method 
• Used to lower the absorbed water 

content of timber deck members
– Requires frequent application 

• Inhibits fungal and insect growth
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Presenter Notes
Presentation Notes
Economical and simple method 
Used to lower the absorbed water content of timber deck members
Requires frequent application 
Inhibits fungal and insect growth



Timber Deck Protection 
Methods: Paints

• Complete cover and 
regular reapplication

• Paint systems will 
generally begin to crack 
and allow moisture into 
the wood

• Paint on roadway surface 
quickly worn away by 
traffic 

• In areas where snow and 
ice collect paint 
deterioration can also 
occur quickly
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Presenter Notes
Presentation Notes
Not very practical on timber decks but can be effective on timber rail, and other than on a timber riding surface



Preventive Maintenance 

• Washing and 
cleaning 

• Moisture 
control 

• In-place 
preservation 
treatment

• Sealing
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Preventive Maintenance 

• Cleaning 
debris and 
vegetation 
growth and 
covering  
exposed 
wood
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Preventive Maintenance 
Techniques  

• Cleaning
• Moisture control
• Preservative treatments

46

Presenter Notes
Presentation Notes
Preventive Maintenance Techniques at locations in timber susceptible to decay 



Preventive Maintenance 
Techniques (cont)

• Preservative treatments
– Surface treatments
– Pressure treatments
– In-place treatments
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Presenter Notes
Presentation Notes
Preservative treatments
Surface treatments
Pressure treatments
In-place treatments




In-place Preservative Treatment
Surface treatments
• Protect against fungi growth and decay

– Brown rot fungi
– White rot fungi
– Soft rot fungi 

• Reduce the effect of weathering, 
• drying out, and surface rotting
• Applied by brushing or spraying

– Preferable to apply to dry wood
– Oil-based copper naphthenate
– Boron 
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Presenter Notes
Presentation Notes
Might protect against the following



Preservative Treatments

Surface treatments
• Non-pressure methods
• Applied to newly exposed, untreated wood

– Liquid
– Powder
– Solid

• Applied before decay begins
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Presenter Notes
Presentation Notes
Non-pressure methods
Applied to newly exposed, untreated wood
Liquid
Powder
Solid
Applied before decay begins




Preservative Treatments

Pressure treatments
• Completed at the plant
• Three classes:
 Waterborne
 Oil-type
 Creosote
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Presenter Notes
Presentation Notes
The Safety of Chromated Copper Arsenate (CCA)-Treated Wood. Chromated copper arsenate (CCA) is a wood preservative that protects wood against deterioration due to termites and fungal decay. CCA was invented in 1933 and has been used extensively since the mid 1970s.



Preservative Treatments

In-place 
treatments
• Surface 

treatments
• Internal 

treatments
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Presenter Notes
Presentation Notes
Surface treatments
Wrap treatments, 
Internal treatments
fumigants or injecting epoxy; if use untreated wood will last approx. 5-7 years



Pile Preservation
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Presenter Notes
Presentation Notes
Pile Preservation



Prevention

 Borate Rods

 Fumigation
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Presenter Notes
Presentation Notes
Two methods for prevention of decay



Use of borate rods
• Low cost means to prevent rot by killing the 

fungus that causes the rot.
• In use by the log home industry, railroads, utility 

companies
• Activated at 25% moisture content same as 

when fungus activates.
• Kills wood destroying insects
• Can act as a Fire retardant 
• Protection lasts about ten years. 
• Available at paint stores. 
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Presenter Notes
Presentation Notes
Borate rods very from ¼” to ¾” dia. Cost about $2-4 per rod avail western log home supply, ebay, amazon
While wood preservation can be traced as far back as Biblical times, it has been suggested that during the reign of Alexander the Great (350 B.C.) bridges were built using wood soaked in olive oil.  In the 1500s termites were controlled using a mercury chloride and arsenic oxide compound.  Pressure impregnation came to the world of wood preservation in the early 1800s using creosote oil. 
The value of borates as a standalone for wood destroying insects developed in both New Zealand and Australia in the 1930s and became commercialized in 1949.



In-place Treatment: Borate

Internal treatments
• Products applied through 

drilled holes
• Liquid treatment

• Liquids diffuse via wood 
moisture

Solid fumigants
• Holes on both sides of 

treatment area
• Borate rods 
• 10-year treatment cycle
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Presenter Notes
Presentation Notes
Products applied through drilled holes
Liquid treatment
Liquids diffuse via wood moisture
Solid fumigants
Holes on both sides of treatment area
Borate rods 
10-year treatment cycle
The rod is placed inside the drill hole and a plastic cap is placed to cover the hole.  Over time the rod diffuses into the wood structure due to moisture and is replaced as needed.



Use of borate rods
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Presenter Notes
Presentation Notes
Borate is not only for solid sawn timbers but, Treatment Glue laminated beams



Use of borate rods
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Presenter Notes
Presentation Notes
Treatment of piles and horizontal members



Drilling the holes
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Presenter Notes
Presentation Notes
Drilling the holes




Inserting the rods
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Presenter Notes
Presentation Notes
Inserting the rods; borate paste is also used to treat and fill checks, cracks and splits in timber




When to Use of borate rods
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Presenter Notes
Presentation Notes
When using borate rods how much decay is too much? Example a timber member has a 2 inch shell and 10 inches of center rot-borate rods will not be effective; 
if a member has 5-6inches of decay (in say a 12 inch dia or 12”x12” member; borate will be a good option to slow down the decay; perhaps a good rule of thumb would be if a member has less than ½ the dia or ½ the cross section decayed-borate rods are a good option
Over time the rod diffuses into the wood structure due to moisture and is replaced as needed.



Tracking the Usage

Bridge number Repair Date Bridge Name Repair Number Borate installed 

105/110 4/30/20131. O'Leary Creek S13127 N Abutment Cap

101/140 5/28/2013W Fork Hoquiam River S13530 S Abutment cap

165/13 6/4/2013Gulch # 1 S10002 Cap over pile 6D

101/254 6/6/2013Little Quilcene S12407 Pile 1F

108/106 5/23/2013Skookum Creek S12583 Cap pier 4

109/9 10/10/2013Gillis Slough S12798 Pile 1F

109/25 10/10/2013Wreck Creek S12426 Pile 1C
60

Presenter Notes
Presentation Notes
Tracking the Usage




Fumigation 
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Presenter Notes
Presentation Notes
Some of the Local Agency Bridge owners in the state of Oregon are using fumigation to eliminate or slow down decay in timber bridges. Again, pressure treatment of wood only protects the outer inches and leaves the heartwood core remains vulnerable. 



Fumigation 
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Presenter Notes
Presentation Notes
Before our treatment was developed, preventing or stopping damage from fungi or insects in heartwood presented a real challenge. It is difficult for a substance to travel through heartwood; even water has a difficult time moving through heartwood
The solution? A vapor.
In our treatment, we flow liquid fumigant directly into the wood through drilled holes. The vapor from the fumigant permeates the wood in both upward and downward movement, eliminating fungi and insects and providing internal protection that lasts from eight to 15 years.
We maintain this protection by re-inspection and treatment at five to ten year intervals.





Fumigation 
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Presenter Notes
Presentation Notes
One product that has proven to be effective is MITC-FUME, a fungicide for wood; recommended use is wood preservative for utility poles; manufactured in Georgia; Like the wood preservatives used in the past MITC-FUME is a hazardous material and should be handled with care; it contains Methyl Isothiocyanate.   It is advised to review the Safety Data sheet for specific precautions when using or being around this product; wood treated with MITC_FUME is not considered a hazardous waste (according to the Safey Data Sheet)
MITC-FUME (according to the National Wood Treating Co. in Albany Oregon) says this fumigant is approved by the Environmental Protection Agency.



Fumigation 
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Presenter Notes
Presentation Notes
MITC FUME is applied in 2 holes every 4 feet (in a cap) and at the ends of the caps.  The fumigant is applied in members above the ordinary high-water mark.  



Fumigation
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Presenter Notes
Presentation Notes
MITC FUME is applied in 2 holes every 4 feet (in a cap) and at the ends of the caps.  The fumigant is applied in members above the ordinary high-water mark.  

For If a member has allot of checks, splits, or cracks, a leak test is performed to make sure that the fumigant remains inside the member 



Fumigation 
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Presenter Notes
Presentation Notes
Of course, then to holes are plugged…



Fumigation 
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Presenter Notes
Presentation Notes
And the timber is tagged with the date and type of treatment



Fumigation 
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Presenter Notes
Presentation Notes
Once the job is completed-or at regular intervals a good detailed report will provide the on the condition of each pole, pile, or timber as well as a summary of the entire project.
Information should include:
*Specific wood members inspected
*specific wood members treated with fumigants
*specific wood members treated with insecticides
*identification of wood members with decay
*location of decayed wood members requiring reinforcement
*location of wood members due to rot
*other defects in wood members





Fumigation
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Presenter Notes
Presentation Notes
Fumigation is can be a great preventative maintenance strategy especially if you have allot of timber bridges in your inventory, especially if the structure is up to 1500 feet long like this structure in Marion Co.
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Fumigation
Covered Bridges

Presenter Notes
Presentation Notes
Fumigation is a very important preventative maintenance strategy for Covered bridges 



Fumigation
Covered Bridges
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Presenter Notes
Presentation Notes
Where the end posts, bottom chords and floor beams are treated.



Fumigation

Covered Bridges
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Presenter Notes
Presentation Notes
Here is how and where the end posts are treated  



Covered Bridges
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Presenter Notes
Presentation Notes
Here is an example of the treatment summary for a Covered bridge



QUESTIONS?

77
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