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What is A.I.I.? 

AASHTO Innovation Initiative (A.I.I.)  
 

Dedicated to sharing… 

 •   High payoff, 

 •   Market-ready technologies 
 

Accelerating adoption of innovation 
among… 

 • Peers in U.S. transportation  
  agencies 

aii.transportation.org 
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Question and Comment Box 
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Presenter – Mark Croarkin, MoDOT 
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Presenter
Presentation Notes
I met Andrew in Louisville about a year ago.  I was hoping Andrew could point me to a study or look into short term maintenance seals.  After some discussion we decided I should share what I know in hopes others will chime in with what they use.  I really hope to generate some input through questions or emails.



JOINT MAINTENANCE 
WATERPROOF WITHOUT REPLACEMENT 
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Presenter
Presentation Notes
Today we are going to talk about expansion joints and look at options to waterproof joints without replacement. Seals are important bridge maintenance since most joints seals don’t last as long as the bridge deck. 
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Presenter
Presentation Notes
When joints leak on steel, it doesn’t take long for salt water to corrode load carrying members.  When bearings get covered with material and corrode it affects the entire bridge.  If bearing under joints stop working the superstructure moves stress to other locations that can break fixed bearing, spall concrete, or even buckle girders.  If pack rust is allowed to develop, girders don’t bear uniformly increasing deck cracking, which increases chloride infiltration and reduces the life of the entire deck.



VERTICAL STIFFNER 
SECTION LOSS 

HOLE IN WEB  
OVER BEARING 
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Presenter
Presentation Notes
When you look at damage up close, it  can significantly affect the load carrying capability of the bridge.  As a good engineer, I want the entire bridge to fail at the same time so I get the full life of everything, I don’t want joints failing decades before the rest of the bridge.
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Presenter
Presentation Notes
Damage isn’t just to steel bridges.  This is a 500’ long bridge about 30 years old.  The only issues across this structure are around the joints.  The original modular strip seal, or elastomeric joint lasted about 20 years and was retro fit with XJS, but as you can see in the upper photo this joint isn’t waterproof.  The time was taken to perform maintenance, but it didn’t do any good.  The XJS system failed at the silicone and allowed water to damage the cap.  



PAY NOW 

OR PAY  
 MORE LATER 
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Presenter
Presentation Notes
I don’t like paying for costly repairs that could be avoided.  I’ve heard this put well by comparing the expansion joint on a bridge to a roof.  You wouldn’t let a hole in a roof go without maintenance, so why would we leave a leaking hole in a joint?  Pay now, or pay more later. 
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Presenter
Presentation Notes
Replacement of an entire joint system take a significant amount of time disrupting traffic and cost substantially more than the repairs I am discussing today.  While a replacement will typically outlast a new gland, funding limitations and the cost benefit of shorter term repairs make shorter term glands attractive.  I typically expect about 20 years out of most new joint systems before they start leaking.  I look for 7 years in a “less than replace” option to make it worth my time and hope for 10 years.  I can typically live with 5, but 7 is a good goal to me. 
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Presenter
Presentation Notes
There are some small expansion strip seal systems with a sinusoidal reinforcement that aren’t extremely cumbersome to install, but I don’t have much experience with these.  This picture was the only one I tried on a low volume route.  It was installed by contract and only lasted 4 years.  I can’t conclude much because the contractor that installed this joint poured the expansion area underneath it completely shut.  If others have experience in this type system I’d like to hear about it.  



LET’S ROLL THE VIDEOTAPE…….. 
 

JOINT MATERIAL SAMPLES  
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Presenter
Presentation Notes
Before I dive into the meat of the presentation, I want to share a video I put together.  I relise their may be a little lag in this video.  If you have trouble viewing this now it will be available to download along with my presentation after today.  (click on picture to start video)
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Presenter
Presentation Notes
Here are 3 examples of joints that can be effectively maintained with out replacement if addressed timely.  The first is a compression seal.  This system is no longer used in Missouri because of early failures like this.  These failures are hard to spot in the summer when the bridge is expanded and the gland is tight.  Once the seal is broken they tend to leak year round, so the best way to see if a compression seal is work is go underneath or inspect it in the winter. This gland offers no protection during the winter salt applications when you need it most.  

The second joint is an elastomeric strip seal, also know has a modular strip seal.  Again, this system is no longer used in Missouri, but we still have a lot of them in service.  Some of these joints failed in the first few years of their life, but others lasted 20-25 years.  This system consists of a steel trough area covered by a rubber gland and a tray filled with elastomeric concrete or a rubber extrusion is bolted over the gland to protect it from traffic.  The picture on the top right has the bolts that hold the tray shearing off so it is in need of repair.  This is a good candidate for nosing and a short term gland.

The third picture on the bottom is a 30 years old joint.  This bridge shows a lot more signs of deterioration, so it would be borderline for a maintenance seal but should also be considered for replacement if you have funding.  



WATERPROOF WITHOUT REPLACEMENT 
 

 REVIEW OF: 
XJS – SILSPEC WITH SILICONE SELANT  
SILICOFLEX GLAND 
EVAZOTE GLAND 
EMSEAL GLAND 
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Presenter
Presentation Notes
Waterproofing without replacement.  We are going to take a look at the XJS system, Silicoflex, Evazote, and Emseal one by one.



WHAT IS THE XJS SYSTEM 
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Presenter
Presentation Notes
The first system I will talk about is XJS.  For many years this was the only short term joint repair Missouri maintenance crews used.  This system involves repairing or filling the surface adjacent to the seal with an elastomeric concrete called Silspec.  After curing the joint is primed, a backer road is inserted into the opening, and 902 Dow Corning silicone is carefully placed over the top of the backer rod.  There are a lot of critical aspects to this.  The thinnest portion of the silicone needs to be about 1/3 the thickness of the edges.  If it gets too thick it won’t stretch so it de-bonds, if it gets too thin it will tear.  Surface prep and priming are critical.  Bond to the substrate has proven difficult over the years, and is even harder with steel.



REMOVAL SANDBLAST PREP 
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Presenter
Presentation Notes
These steps are pretty common to all repair options.  Remove / repair deteriorated concrete, sand blast to prep for installing nosing.  



NOSING 
SANDBLAST FOAM 
PRIMER 
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Presenter
Presentation Notes
As far as nosing, it is basically epoxy concrete.  We have had good luck with Silspec as well as BASF’s WABOCRETE II and Emcrete nosing.  I really haven’t had issues with any elastomeric nosing. 

The nosing is mixed and poured in place using foam board to keep the appropriate joint spacing.  After it sets up you tear out the foam, sandblast, and prime.  The Original XJS system only required priming on steel, but you had to wait 24 hours before prepping so you couldn’t install the system in one day. 



` 

BACKER ROD SILICONE 
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Presenter
Presentation Notes
Insert backer rod and applying silicone are the final steps.  This picture of silicone looks more like Dow 888, but it performed very similar to 902 for us.  It is just gray instead of black.
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Presenter
Presentation Notes
After years of installing XJS with a variety of crews and contractors it got really old seeing failures and having industry reps say it will work if it’s done right.  To me a big piece of a systems performance is the ability to be installed.   If everyone is having issues, it’s not a good system.
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Presenter
Presentation Notes
Hundreds of XJS joints were reviewed looking for one that lasted 3 or more years, and only a couple were found.  Reviewing the good joints and talking with crews that installed them there appeared to be a couple similar traits.  Minimal movement, and they were installed in very cold conditions. My theory is silicone performs better in compression than tension, so you have to install the system when the joint is near max opening.  Even though there was still a chance you could install XJS in the fall or spring with success, Missouri restricted its use to locations no other system will work.  It’s very hard to schedule work that is this sensitive to install correctly.  Spring is typically reserved for deck repairs and fall is summer cleanup and crack sealing.  
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Presenter
Presentation Notes
Moving on, Silicoflex is a 100% silicone glue in gland that shares most of the prep shown for XJS.  It can be installed on Steel, concrete, and elastomeric nosing.
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Presenter
Presentation Notes
There are at least three different sizes available.  One interesting feature is the gland points up instead of down line strip seals.  This feature keeps pressure off the gland when it fills up with debris.  
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Presenter
Presentation Notes
Missouri’s first trial was in 2010 using the largest 2.5”- 4.0” gland.  This  trail was in the fall when conditions were ideal.  



IT STILL LOOKS GOOD 
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Presenter
Presentation Notes
We also put a few medium ones in during the fall of 2010. After 3 years in place we decided to try some more.  According the manufacturer this system doesn’t have to be installed when the opening is at it’s max, so we were excited to get started.
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Presenter
Presentation Notes
MoDOT crews as well as contract crews installed several seals in the summer / early fall of 2013 and 2014.  Both installers found it was extremely difficult to install smaller glands when joint opening was at it’s minimum.  Many of the joints ended up with glue to the top of the gland, and when the bridge contracted it pulled the gland apart. The pictures above represent this issue, excessive glue, premature failure, and a contractor that took liberties to trim some of the gland because the joint was nearly touching when it was installed.  I still believe this is a good system, it’s just a better choice for larger openings and really shouldn’t be installed unless the temperatures have been averaging 60 degrees or less.
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Presenter
Presentation Notes
Moving into a slightly different category of maintenance repair material, Evazote and Emseal don’t allow non-compressible materials like rocks into a joint.  I consider this big a plus for joints on roadways with no open drainage or in areas known to accumulate debris.  Many older bridges didn’t have the approach slab tied to the pavement, when rocks get in these approach slab joints in the winter they ratchet the pavement away from the bridge during the summer.  This crushes the adjacent unreinforced pavement.  

We have recently started using foam seals like Evazote and Emseal in this type of expansion joint as well as on the bridge itself.
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Presenter
Presentation Notes
What is Evazote?  Wabo®Evazote UV is preformed low density closed cell cross-linked ethylene vinyl acetate polyethylene copolymer nitrogen blown joint seal.  Also know by me as cheesy looking, but fairly effective.  It is epoxied in place. 
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Presenter
Presentation Notes
Our trials have all performed well, but handling this material has given us some concern to is expansion ability.  This material is very stiff.  To date we have primarily used this material in joints that have limited expansion or over pin connections that just see mild rotation.  Crews have not attempted to install emseal in warmer periods because of it’s stiff nature.
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Presenter
Presentation Notes
Emseal is the last system we have tried worth mentioning.  Emseal is an impregnated cellular foam with a highway-grade silicone topping.  This system has been used in architecture for many years, but is relatively new for highway structures. Before using this material in a bridge I climbed around several parking garages checking it out.  Some of the garages looked at had a blend of XJS and Emseal repairs.  It was easy to see Emseal was out performing silicone.  The first trials were installed in the winter of 2010 – 2011.  At that time this material cost about double the other system displayed, but now the material costs are all comparable.  

I’ve had this cost reduction explained to me as the difference between architecture and engineering.  Architect’s want a show, testing, options, and support at every step.  Engineers want stock material they can rely on without help.  
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Presenter
Presentation Notes
Being the first in the nation to install Emseal on a bridge, we had a lot of discussions about applications, other products, and our beliefs for failures.  We stressed prep, but we also emphasized the belief that some joints are installed by maintenance crews based on what fits in the gap instead of the movement of the bridge.  Emseal listened and worked hard to help clients select the right size material. They distribute field cards to help collect photos for sizing joints.



EPOXY 
INSERT GLAND 
SILICONE ADHEASIVE 
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Presenter
Presentation Notes
Prep and installation is very similar to the other systems, except this material is much easier to compress.  There were a couple lesson’s learned on the first few installations.  You can leave the material in an air conditioned car to provide more working time in warm weather.  If it swells before you get the joint in it isn’t too hard to work the material in, it just doesn’t look as neat.  Installing the joint too high is a big deal – ½” low is a good location, but ¾” low won’t hurt anything.   I have not had a failure from this system being too low, but if it pushes into traffic when the joint compresses in hot weather it will rip.



COMPLETED 33 

Presenter
Presentation Notes
The system install closest to my office is 4 years old and still looking good.  We have seen some curling at the material splices seams come and go as the season change, but when they sit back down they aren’t leaking. 



UNIVERSAL 90 
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Presenter
Presentation Notes
Discussing the challenges with splicing, Emseal increased their material length from 4’ stick up to as much as 12’ rolls  Emseal also developed a universal 90.  You can turn the 90 up inside the barrier curb for urban locations where you need to control runoff, and you can turn the 90 down at the barrier wall for rural applications to help the joint be self cleaning but not allow water to rap around to the girders.  Talking with my crews as well as the contractors that have used a variety of the systems discussed today, Emseal is by far the easiest to install.  Contractor have told me they save money in labor using emseal over evazote and Silicoflex.   I haven’t found a way you can get glue in a location that can cause an issue.  In my mind, Emseal is the only system we have success installing in warmer temperatures when the expansion joints are closed up.  It still helps to have more room, but if you can get the system in the hole it will work.  



MAINE  

 
SUCCESSFUL TRIAL 
 
SOME MINOR DEBONDING    
 – BUT NO LEAKS 
 
INJECT SILICONE ADHESIVE 
MORE 
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Presenter
Presentation Notes
Putting together this presentation I was able to gather a little feedback from other states.  I believe 25 States as well as Federal Lands have installed Emseal on bridges now.  Maine reported back a couple successful trials (no leaks), but noted some debonding of the silicone.  Emseal’s response to the debonding goes back to the silicone application.  Now they recommend pushing much harder on the silicone tube to make sure it injects into the foam.  Originally they just noted laying a bead of silicone on top.  Either way, they joints are still water tight.  



IOWA 36 

Presenter
Presentation Notes
Iowa sent in some photos of trials.  There pictures looked like they were getting good silicone injection.



WASHINGTON 
“It has held up well and remains water tight” - Rick Rodda 
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Presenter
Presentation Notes
Washington State had a more challenging skew with a sidewalk for a trail, and Rick Rodda reported it has help up well and remains water tight.
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Presenter
Presentation Notes
Since I first looked at Emseal in architectural applications, I still listen to their issues.  I hear similar products use some wax.
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Presenter
Presentation Notes
I’m convinced 100% Acrylic impregnation is important.  This application shows wax dripping down a wall.  While the dripping may seem minimal for a bridge.
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Presenter
Presentation Notes
When the wax melted out the system no longer moved as designed.  
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Presenter
Presentation Notes
So I’m still trying to find new products, but I’m trying not to jump in so fast I end up with a cheaper material that doesn’t work.  




REVIEW 

 XJS 
 SILICO FLEX 
 EVAZOTE  
 EMSEAL 
 
ALL THESE SYSTEMS HAVE SIZING AND INSTALLATION INSTRUCTIONS ON THE 
INTERNET 
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Presenter
Presentation Notes
In review:
XJS  - I really don’t use this system unless nothing else can fit.  That typically means small, irregular longitudinal joints.  I would only consider this application in cold weather.
Silico-flex – I feel larger sizes work better, instaltion is very challenging if the bridge isn’t near max contraction.
Evazote – Successful for small movement, but also needs to be installed during cooler temperatures.
Emseal – Easiest to install, can be installed during warm weather.  When given the option, local contractors are choosing emseal.  



LYMTAL SILFAST XL 
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Presenter
Presentation Notes
One more thought, In the last couple weeks I found out Lymtal started selling “Silfast XL”, which appears to be very similar to Emseal.  I haven’t installed a Lymtal joint yet, but I’m working on getting a trial installed in my region.



QUESTIONS, COMMENTS,  
OTHER PRODUCT EXPERIENCES 
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Presenter: Mark Croarkin 
 
Email: 
Mark.croarkin@modot.mo.gov 
 
Alternate Contact: Greta Smith 
 
Email: 
gsmith@aashto.org 

Presenter
Presentation Notes
This is where I hope for others to either chime in about systems or ask questions
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