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Overview

= Background on timber pile inventory.
= Previous pile repair standard.

= Development and Destructive Testing.
= |n field installation of repair.

= Temporary Repairs




Timber Pile Inventory

= Oregon has 874 bridges with exposed timber piling.
» 2960 are state owned.
* 578 are local agency.

= Most were constructed between the 1950’s and 1980’s, but the
range goes from 1906 to 199¢0.

= |Local agency bridges account for the majority of these built during
the 1970’s and 1980s.
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Presenter Notes
Presentation Notes
Note that the state moved away from constructing timber substructures after the 50 and 60’s, but the local agencies continued to use in high numbers going into the 80’s.
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ODOT Bridge Maintenance Program

= Average 20 Major Timber Repair Projects per year.
= Annual Timber Repair cost of $850,000.

= Accounts for 10% of entire budget and a significant amount of
Crew resources.


Presenter Notes
Presentation Notes
The drain on crew resources are more significant than the 10% of budget.
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South Yamhill Bridge

= Built in 1951.

= | ocated in Willamette Valley.

= Reinforced Concrete Deck Girder on Timber Pile Trestles.
= 990 ft. in length.

= 34 Timber Bents.

= 204 timber piles (as constructed).

= Estimated cost of replacement = $35 Million.



Replacing Bridges 1-piece at a Time

= 85 of the original 204
timber piles have been
repaired.

" The remaining 119 are just '
waiting their turn.



Presenter Notes
Presentation Notes
27 of the remaining timber piles have already dropped to CS3 and will need repair if replacement doesn’t happen.


Previous Standard Pile Repair

= Splice new steel H-Pile to existing timber with reinforced
concrete collar.

= Standard detail provided in 1983.
= Make splice at 100% solid timber section.
= Concrete splice has a 30” diameter and is 4’ in length.

= Uses 10 #6 reinforcing bars w/ #5 hoops at 6” spacing.
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OREGON DEPARTMENT OF TRANSPORTATION
Timber Pile - Steel Splice Repair

(7/18/83)
, HP 10x42 or HP
T ] 12x53 Steel splice
Reinforcad post w/1/2" plate
conhcrete - welded to bottom
collar and top
Ax | [ l 2" clear Hoop
:”‘.‘."L 50 o :_. 5[."“'33 -
: wi135
degree
hook

Section A-A

1" dia. bolts welded

to steel base plate

holes for
1/2" lag
SCrews

Screw Jack



Presenter Notes
Presentation Notes
Timber pile splice detail from 1983. Used throughout the state with good success.




Presenter Notes
Presentation Notes
Great picture of timber splice detail. Scour has completely exposed the splices. Note how large the splice is. 30” diameter an 4’ in length for most repairs.


Drawbacks

= Difficult to

install in tight

spaces.
abutments).

= Steel cage
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Presenter Notes
Presentation Notes
Photo of abutment where installing a 30 inch diameter 4 foot long concrete splice can cause undermining of the approach.


Drawbacks

= Required excavation to
continue at least 2’
deeper than rot.

= |f rot extended more
than 2’ below ground
level then shoring or
benching excavation
was required.
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Presenter Notes
Presentation Notes
Image shows OSHA benching requirements for cohesive soils. Note that larger excavations also pose challenges for shoring installations.


Proposed Pile Repair Method

= Replace reinforced concrete collar with oversized steel pipe pile
grouted to timber pile.

= Allow splice at a location with less than 100% solid timber section.

= Auger out remaining rotten timber pile core and fill cavity with high
early strength concrete.



How much rot is too much to repair?




Timber Pile Splice Testing

= ODOT contracted with Oregon State
University to destructively test pile splice
detail.

= 6 piles in total were tested; 3 flexure and
3 compression.

= Rot was simulated to varying depths:
» 2 feet

3 feet Oregon State

* 4 feet UNIVERSITY




Compression Test Setup
i B2



Presenter Notes
Presentation Notes
Note Depth of Rot is the white line.
Strong wall.
150 ton jack




Presenter Notes
Presentation Notes
The concrete repair was performed all the way to the white line shown in the picture. It is also worth noting that these piles were removed from the field and therefore are not in new condition. See the large gouge along the pile in the repaired area.


Compression Test Results:

= The jack wasn’t big enough!

= No piles failed at maximum load of 300,000 Ibs.
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Bending Test Setup



Presenter Notes
Presentation Notes
Test setup for testing the pile repair in bending.
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Presenter Notes
Presentation Notes
All the piles failed at the base of the splice detail. This is where the repair consisted of a pile with only a 2 inch shell with a filled concrete core.


Bending Test Results

= All three failed at the base of the splice.

= | oading at failure was about what you’d expect for an
unrepaired pile with 27 shell.

= Load remained about constant through 12" - 24" of deflection.



Testing Summary:

= New pile repair can be used to fully restore axial capacity for
short columns.

= | ateral demand and remaining capacity should be evaluated as
part of repair plan.

= May need to add some bracing depending on application, or
make the splice at a section with no rot.
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Step 1

Install shoring as
required by
jacking plan.



Presenter Notes
Presentation Notes
Note that even the reduced excavation is encroaching on the mudsill footprint.




Presenter Notes
Presentation Notes
The crew has come up with special techniques for getting the shoring in place quickly and efficiently. The bucket of a mini excavator was modified to hold the square tubing member for the repairs as shown in the picture on the left. The picture at the right shows small electric winches that are used to pick the shoring up against the girders. Jacks will be placed below to unload the pile.




Presenter Notes
Presentation Notes
Here’s another picture showing the electric winches with the jackstaff pulled tight against the girder.


Step 2:
Excavate 2’
below
ground line.



Presenter Notes
Presentation Notes
The splice needs to be installed at least 2 feet below the existing ground line. The photos shows an excavation to the required depth. This excavation was done with a mini excavator. Hand dug excavations can be much smaller.


Step 3:
Cut out
section of
rotted pile.



Presenter Notes
Presentation Notes
A chain saw is used to cut out the rotted section as shown in the picture on the left. The picture on the right shows the cross section of the pile and is a good example of how the rot progresses from the inside of the pile.
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Step 4
Remove
remaining
rotten core.



Presenter Notes
Presentation Notes
This photo shows the interior timber core being hollowed out with an auger. All the rotten material is to be removed.
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Clean out
the hole.



Presenter Notes
Presentation Notes
A vacuum is used to clean out any remaining rotted debris.
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Step 5:
Install borate
rods or other

preservative



Presenter Notes
Presentation Notes
The glass looking rod is the borate rod that is installed to help prevent future deterioration below the splice.
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Step 6: Fill
cavity with
high early
strength
concrete.
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Presenter Notes
Presentation Notes
The steel pipe pile is placed over the timber pile and the voids are filled with high early strength concrete.




Presenter Notes
Presentation Notes
The photo on the left is the small mixer used by an ODOT crew. This isn’t required but is much easier than a hand mixer. The volume of concrete is small enough that reddi-mix trucks aren’t necessary. The photo at the right shows the collar nearly full and ready for the top cover plate. Note that the crew is tapping the side of the steel casing to help remove any air pockets and get good consolidation.
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Presenter Notes
Presentation Notes
The steel cover plate is field welded to the steel pipe pile. Notice the holes shown in the photo. These will be used to finish pouring the concrete.
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Step 8:
Use vent
holes to
finish pour.



Presenter Notes
Presentation Notes
In this photo the vent holes were used to completely fill the steel splice. This effectively seals up the timber pile and makes a strong connection between the timber and steel piles.
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Step 9:
Position
steel pile.
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Presenter Notes
Presentation Notes
With the splice to the timber pile complete, the new steel pile can be moved into place. In this photo the bent is quite tall and a small excavator is used to get this into place.


38

Step 10:
Preload with
20 ton
hydraulic jack.



Presenter Notes
Presentation Notes
A small twenty ton jack is used to load the pile to a specified loading. The engineered plans will have this loading shown and it is the weight of the bridge that this pile should be supporting. A twenty ton jack is used because the loading is relatively small and the fifty five ton jacks would be too big to get it reasonably close.
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Step 11: Cut shims to fit and weld in place.

>



Presenter Notes
Presentation Notes
The gap between the new steel pile and the steel splice is field measured. Channels and plates are cut to the right length to complete the splice. Notice the photo on the left is using a cut off saw with an abrasive wheel. The photo on the right is a skill saw with a metal blade. The hi density carbide blade is specially designed for steel and significantly reduces the amount of sparks.
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Presenter Notes
Presentation Notes
The shim plates are welded into place. First the channels are welded so they can support the load and the jack are removed.
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Presenter Notes
Presentation Notes
Then the shim plates are welded to complete the box section. This photo shows the completed splice.
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Step 12:
Back fill to
existing
ground
level.



Presenter Notes
Presentation Notes
After the splices are complete it is important to backfill the existing ground. This is important to prevent rot from reinitiating below the splice. A general rule of thumb is that 2 feet of soil is enough to restrict oxygen to prevent rot from starting.
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Modifications:
“Dumbbell Repair”



Presenter Notes
Presentation Notes
When working on very tall bents we’ve done repairs that are not full height. The splice as shown previously is essentially just flipped upside down and completed above. This isn’t a first choice repair since it is possible for rot to initiate above the splice location, but when dealing with very tall bents it can significantly improve constructability.
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Modifications:
“Square post”



Presenter Notes
Presentation Notes
We also have square columns in the inventory. A slice details has been modified to accommodate these repairs as well. This photo shows a type of dumbbell repair with the square column.


Temporary Repairs

= Jack in helper piles.
= Band the pile.

= Bolt on channels.

= Encapsulation.

= Mudsills and post.


Presenter Notes
Presentation Notes
In addition to permanent repairs there are a lot of temporary options that can be used to avoid load postings.
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Jack in Helper Piles

= Very useful in water or when shoring
can’t feasible.

= Challenge is getting enough load
capacity in the helper to replace the
one pile.

= May need two piles to completely
replace one.

= |f the rotted pile isn’t removed, the
iInspectors will still rate it.
(Temporary)



Presenter Notes
Presentation Notes
This photo shows a setup used to jack in helper piles.
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Helper Piles: Custom Jacking Sleeve
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Presenter Notes
Presentation Notes
This is a picture of the sleeve that is used to jack in the helper pile. Note that large holes where a pin can be placed to extend the jacking sleeve to facilitate pushing the pile a long ways without having to setup again.


Helper Piles:

=

£l 10 2006
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Presenter Notes
Presentation Notes
This picture shows the sleeve going inside the helper pile that will be pushed.


Helper Piles:
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Presenter Notes
Presentation Notes
Here the crew is splicing a new section of pile to the section that has already been pushed. This process is repeated as necessary until the helper pile is pushed far enough.


Helper Pile: Weld Segments
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Presenter Notes
Presentation Notes
Welding the sections together to complete the splice.


Helper Pile: Push, Block, Repeat

P . .



Presenter Notes
Presentation Notes
The process is repeated many times until the right capacity is achieved. Depending on soil conditions this can be a long process.


Push some more...

le:

Helper P
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Presenter Notes
Presentation Notes
Remember that jacks have a throw of just a few inches. However, the pile will typically need to be embedded 10 plus feet. This is a lot of push and reset.


53

Banding Piles:

= Piles tend to fail but mushrooming
outwards.

= |[nstalling steel sleeves to hold the
pile together can buy some time.

|

06726/2017



Presenter Notes
Presentation Notes
Sleeves can be used to try and control the failure mode. This prevents the piles from mushrooming out. This repair will extend the service life, but will probably not improve a low load rating.
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Bolting Channels:



Presenter Notes
Presentation Notes
Channels can be bolted over a rotted section to try and improve capacity. This would also be a challenging repair to get engineered for full capacity.


Encapsulation
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Presenter Notes
Presentation Notes
Encasing rotting piles is commonly used in other states. This typically consists of pouring a reinforced concrete collar around the rotting timber pile. This could be considered a permanent repair. However, care should be exercised to make sure the encasement goes far enough below ground to prevent rot from progressing below the repair.


Mudsills and Posts



Presenter Notes
Presentation Notes
This type of repair should be considered only very temporary. Once this area is wet the capacity of the mudsills is severely reduced. This particular repair also doesn’t have a way to load the shoring so it is really just there to catch the cap as it starts to fail.
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Questions

o




Contact Information:

Travis Kinney, PE
Senior Bridge Engineer
Email: Travis.Kinney@DEAinc.com

Phone: 541-914-7219



	Timber Pile Repair
	Overview
	Timber Pile Inventory
	Slide Number 4
	Slide Number 5
	ODOT Bridge Maintenance Program
	South Yamhill Bridge
	South Yamhill Bridge
	Replacing Bridges 1-piece at a Time
	Previous Standard Pile Repair
	Slide Number 11
	Slide Number 12
	Drawbacks
	Drawbacks
	Proposed Pile Repair Method
	How much rot is too much to repair?
	Timber Pile Splice Testing
	Compression Test Setup
	Slide Number 19
	Compression Test Results:
	Bending Test Setup
	Slide Number 22
	Bending Test Results
	Testing Summary:
	Step 1: �Install shoring as required by jacking plan.
	Slide Number 26
	Slide Number 27
	Step 2: Excavate 2’ below ground line.
	Step 3: �Cut out section of rotted pile.
	Step 4: Remove remaining rotten core.
	Clean out �   the hole.
	Step 5: �Install borate rods or other preservative
	Step 6: Fill cavity with high early strength concrete.
	Slide Number 34
	Step 7: Weld cover plate in place.
	Step 8: �Use vent holes to finish pour.
	Step 9: Position steel pile.
	Step 10: Preload with 20 ton hydraulic jack.
	Step 11: Cut shims to fit and weld in place.
	Welding channel and plate shims.
	Completed Splice.
	Step 12: Back fill to existing ground level.
	Modifications: “Dumbbell Repair”
	Modifications: “Square post”
	Temporary Repairs
	Jack in Helper Piles
	Helper Piles: Custom Jacking Sleeve
	Helper Piles: 
	Helper Piles:
	Helper Pile: Weld Segments
	Helper Pile: Push, Block, Repeat
	Helper Pile: Push some more…
	Banding Piles:
	Bolting Channels:
	Encapsulation:
	Mudsills and Posts:
	Questions
	Contact Information:

