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Investigation of Premature Strip Seal Joint Failures At Bridge 5/104W
And
Recommendations For Assuring Proper Strip Seal Joint Installation

INTRODUCTION

Strip seal expansion joints generally perform well, providing dependable long term protection against water and de-
bris intrusion while allowing a bridge to expand and contract. WSDOT has approximately 350 bridges that have
strip seal expansion joints, equaling nearly 44,000 lineal feet of strip seal joint. Of these, 80% of the joints are in
good condition (condition state 1). The average length of service is 20 years with some providing over 35 years of
service. Because of their good performance, strip seals are WSDOT’s preferred expansion joint system for moderate
movement joints (1 % inches to 5 inches).

On a few recent WSDOT projects there have been a number of strip seal joints that have failed prematurely. The
purpose of this document is to present the findings of an investigation into the cause of one of the recent premature
joint failures, as well as to provide recommendations for preventing premature failures in the future. Part A of this
document focusses on an investigation of the strip seal joints that were installed on WSDOT Bridge 5/104W under
Contract 8150. These strip seals began failing only months after being placed in service. Part B consists of recom-
mendations for assuring that strip seal joints perform properly on future projects.
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PART A - INVESTIGATION OF PREMATURE STRIP SEAL JOINT FAILURE AT BRIDGE 5/104W
JOINT HISTORY

Bridge 5/104W is a three span, 675-foot long, steel girder bridge that was constructed in 1972. The bridge was orig-
inally constructed with steel sliding plate expansion joint assemblies that were located at each abutment. The origi-
nal expansion joints provided forty years of service until they were replaced with strip seal expansion joints in June
2012 under Contract 8150. After being in service for a matter of months, the new strip seal expansion joints at both
the North and South abutments began to fail. In May 2014 the strip seal steel extrusions had become loose in the
right lane and had to be removed by WSDOT Maintenance.
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INVESTIGATION

In an effort to determine the cause of the premature failure of these joints, an investigation was performed. The in-
vestigation included the following:

Site Visit

On July 29, 2015 Craig Boone (WSDOT Bridge Asset Management Specialist) and Ralph Dornsife (WSDOT
Bridge Expansion Joint Specialist) visited Bridge 5/104W and observed the following:

e At both the North and South expansion joints, the strip seal steel extrusions had been removed from the
abutment side of the joint in the right lane and right shoulder (West side). The resulting void had been filled
with concrete. (See Photos 1, 3, and 4 in Appendix H)

e The gland was completely out of the South joint and partially out of the remaining North joint. (See Photos
2,5, and 6 in Appendix H)

e The South joint strip seal steel extrusion, on the abutment side, was loose and visibly vibrating when impact-
ed by traffic in the fast lane (East side). (See Photo 4 in Appendix H)

e The North joint strip seal steel extrusion, on the abutment side, was audibly banging when impacted by traf-
fic in the fast lane (East side).

e The bridge side of the joint, at both the North and South joints, were in good condition.

e Based on visual observation at a distance, the top of the strip seal steel extrusions seemed to be at the same
elevation as the top of the adjacent header concrete. The bridge was open to traffic, so it was not possible to
get out in the lanes to ascertain the condition with more certainty.

e The concrete that was placed when the strip seal steel extrusions were removed has broken up in the wheel
lines of the North joint right lane, creating pot holes. (See Photo 3 in Appendix H)

e Small spalls and cracks have formed over the anchorage plates that were welded to the strip seal steel extru-
sions. This is typical at both the North and South joints. (See Photos 1 and 4 in Appendix H)

e Yellow paint, from lane striping, was observed on both upper ears of the South joint gland, which was lying
down on the abutment. (See Photo 6 in Appendix H)

e Small pieces of concrete were adhered to the bottom side of the strip seal gland near the South joint West
end. (See Photos 7 and 8 in Appendix H)

e On July 31, 2015 Craig Boone traveled across the bridge and noticed a bump at the North and South joints.
It felt as though the joint headers were slightly higher than the adjacent bridge deck and approach surfaces.

Independent Design Calculations

Independent design calculations were prepared to check/validate the design presented on the contract plans. The
joint requirements resulting from the independent design calculations matched exactly with the requirements pre-
sented on the Contract Plans. (See Appendix A)

Review of Contract Documents

The relevant portions of the contract plans and provisions for Contract 8150 were reviewed. (See Appendices B and
&)
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Review of Construction Submittals

The relevant construction submittals were reviewed. These submittals included the strip seal shop drawings and the
manufacturer’s installation procedure. (See Appendices D and E)

Review of Expansion Joint Photos

Available construction photos, joint repair photos, and site visit photos were reviewed. (See Appendices F, G, and
H)

Inspector’s Dailey Reports (IDR’s)
The IDR’s were reviewed. See Appendix I for a summary of the information taken from the IDR’s.
Telephone Conversation With SW Region Maintenance

During a telephone conversation that took place on July 18, 2015, Mike London of Southwest Region Maintenance
shared what he knew about the strip seal failures at Bridge 5/104W, as well as his experience/thoughts about strip
seal expansion joints in general.

Strip Seal Failure At Bridge 5/104W

e Mike said the joint started failing about a month after the joint was installed.
e Mike said he thinks the steel extrusions may have been installed such that they were sticking up
above the adjacent concrete, so tires began pounding on them right away.

e Mike said the anchorage plates (1/2” plates) remained intact, but the rebar hoops that attached to the
plates broke just beyond where they attached to the plates.

Mike’s Thoughts On Strip Seal Joints In General

e Mike feels strip seal joints don’t work well on high volume roadways because once ruts form in the
roadway surface, the tires begin banging on the steel extrusions and the joint breaks.
e Setting the top of the steel extrusion down below the top of the concrete would help.

Mike said that once strip seal joints go downbhill, there isn’t much that can be done to repair them,
short of a major rehabilitation/replacement.

Mike said they typically don’t attempt to reinstall glands that have fallen out of the steel extrusions.

e Mike said their typical repair for a steel extrusion that has come loose is to remove it and pour a con-
crete header.

e Mike feels compression seal joints are better because they don’t have a steel element that gets
banged on when ruts form in the roadway surface, and Maintenance can easily repair or replace
compression seals.

Review of WSDOT Bridge Design Manual

The expansion joint section (Section 9.1) of the WSDOT Bridge Design Manual was reviewed. (See Appendix J)
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Review of WSDOT Construction Manual

The WSDOT Construction Manual was reviewed. Construction of bridge expansion joints is not addressed in the
current manual.

FAILURE MODES

Failure Mode 1 - Gland Fallen Out of Steel Extrusions

The first failure mode observed was the rubber gland had fallen out of the steel extrusions. At the South joint the
gland was completely out of the joint and lying on the abutment. The gland at the North joint was still hanging in
the steel extrusions in places and sagging down in others. There is significant evidence that suggests the gland fell
out because it was never properly seated in the steel extrusions. The evidence is:

e During the site visit, yellow paint from lane striping was observed on the upper ears of the rubber gland. If
the gland had been properly seated in the steel extrusion, the upper ears would have been shielded from paint
by the steel extrusion. (See Photo 6 in Appendix H)

e Photos that were taken at the end of the joint installation show the upper ears sticking out. (See Photo 4 in
Appendix F)

e An Inspector’s Dailey Report from June 27, 2012 notes that the strip seal joints are not fully seated in the
steel extrusions. The notes in the IDR indicate the noted deficiencies are to be included in the punch list.
However, a hand written note dated July 9, 2012 states “WSDOT will address per conversation/direction
with BSO”.

e An Inspector’s Dailey Report from December 12, 2012 indicates that there was a meeting at the bridge to
determine if the rubber gland installations were acceptable. The decision was made that the installations
were acceptable.

Failure Mode 2 — Steel Extrusions Loose / Failed Anchorage

The second failure mode consists of loose/sloppy connections between the steel extrusions and the supporting header
concrete on the abutment side of the joint. The steel extrusions are intended to be solidly connected/supported by
the header concrete. However, this connection has broken down, leaving the steel extrusions loose, vibrating, and
banging. In May 2014 the extrusions had to be removed from the West shoulder and lane at both the North and
South joints. The remaining sections of the steel extrusions were observed to be loose and banging during the site
visit. These sections of steel extrusion will likely have to be removed in the near future.

The cause of this failure is difficult to determine with certainty. Three possible causes have been identified. Any
one, or combination of these could have caused the degradation of the connections. The three possible causes, in no
specific order, are:

Possible Cause No. 1 — It appears the temporary paint stripes used to shift traffic during construction were re-
moved using a grinding machine. Photos show that the grinding machine possibly impacted the steel extru-
sions. It’s possible the impact from the grinding machine could have damaged or broken the anchorages.
It’s also possible the impact could have damaged/cracked the recently placed concrete headers. (See Photos
5 in Appendix F)
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Possible Cause No. 2 — If the top of the steel extrusions were set slightly higher than the adjacent header
concrete, the steel extrusions would have immediately began taking a beating from the traffic. It’s possible
the impact from the traffic could have damaged or broken the anchorages. It’s also possible the impact
could have damaged/cracked the recently placed concrete headers. It should be noted the new joints were
subjected to traffic within a couple of days of the header concrete being placed.

Possible Cause No. 3 — Based on review of construction photos, it appears the abutment side steel extrusion
was attached to the bridge side extrusion when the abutment side header concrete was placed. The attach-
ment consisted of the single angle shipping clamps that were used to set the expansion gap. As can be seen
in the photos, the angles had a regular hole for attaching to one extrusion and a slotted hole for attaching to
the other extrusion. The photos show that the bolt in the slotted hole was positioned all the way to one end
of the slot (See Photo 3 in Appendix F). This means the angles would cause the steel extrusion to be pushed
into the fresh concrete when the bridge expanded due to increased temperatures. The wood wedges that were
installed between the two steel extrusions add to this effect. Based on the bridge length, the movement
caused by a temperature change of 15-degrees would result in approximately 3/8-inch movement at the
joints. If the abutment side steel extrusions and anchorages were pushed/moved 3/8-inch while the concrete
was setting up, the resulting voids between the anchorage steel and concrete would result in a “sloppy” con-
nection. The sloppy connection would not be apparent at the time because the voids would be inside the
concrete around the steel anchorages. As soon as the joint was subjected to traffic impacts, the embedded
steel elements would begin working and quickly degrade the connection between the steel extrusion and the
header concrete.

It’s not possible to know with absolute certainty what caused the steel extrusion to header concrete connection to
degrade so quickly. Based on the information gathered, it seems most likely that “Possible Cause No. 3” caused the
majority of the connection degradation. “Possible Cause No.’s 1 and 2 could have contributed to the degraded con-
nection as well.

PART B — RECOMMENDATIONS FOR ASSURING PROPER STRIP SEAL JOINT INSTALLATION

EDUCATE BRIDGE ENGINEERS

Not being a primary structural element of a bridge, the expansion joints tend to receive little attention from bridge
design engineers. That said, expansion joint repairs make up a large portion of WSDOT’s bridge repair needs.
Bridge engineers need to be educated on issues associated with expansion joint construction. It is recommended that
Section 9.1 of the WSDOT Bridge Design Manual be expanded to address the following issues associated with ex-
pansion joint construction:

For expansion joint types that have steel elements embedded in concrete, the steel elements need to be sup-
ported in a way that allows the elements on each side of the joint to move independent of one another. If the
steel elements on the two sides of the joint are constrained to each other, the resulting movement can com-
promise the anchorage of the steel elements.

For expansion joint types that have embedded steel elements, the tops of the steel elements need to be set
level with, or slightly lower than the adjacent deck/approach driving surface. If the steel element sticks up
above the adjacent driving surface, the steel element will take a pounding from vehicles and will degrade
quickly. Setting the top of the steel element slightly below the adjacent driving surface may be beneficial, as
pounding on the joint due to rutting of the driving surface would be delayed.
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e Add a discussion regarding the selection of strip seal steel extrusion shapes and anchorages. Encourage the
selection of larger extrusions and more robust anchorages.

e It may also be good to add a discussion regarding joint type selection, and encourage the selection of rapid
cure silicone (RCS) and compression seal joints, over strip seal joints, when appropriate. RCS and compres-
sion seal joints are preferred by WSDOT Maintenance because they are easily repaired or replaced.

IMPROVE CONTRACT PLANS

WSDOT standard details and notes for strip seal expansion joints could be improved as follows:

Develop a standard note that requires the steel extrusions temporary support to allow the steel extrusions to
move independently of one another.

A standard temporary support detail, that the Contractor is required to use, could be developed and included
in the plans. The detail would address the issue of supporting the two sides of the joint independent of one
another.

Modify the current strip seal details to show the top of the steel extrusion placed slightly below the adjacent
roadway surface. The top of the steel extrusion could be placed ¥4 below the adjacent roadway surface.
Develop standard details for using larger strip seal extrusion sections with a more robust anchorage.

IMPROVE CONTRACT PROVISIONS

WSDOT contract provisions for strip seal expansion joints could be improved by:

Require the expansion joint shop drawing submittal to include details for the temporary support of the steel
extrusions while concrete is placed.

Require the contractor to submit an installation procedure for the strip seal expansion joints. Explicitly state
that the procedure shall indicate how the extrusions from the two sided of the joint will be allowed to move
independently of one another while concrete sets up and gains strength.

Require that the rubber gland be installed by the Manufacturer at the factory, except as approved by the En-
gineer. When field installation of the gland is approved, require the Contractor to submit a gland installation
procedure that illustrates the Contractors means and methods for installing the gland and assures the gland
will be properly seated in the steel extrusions. Also, the provision should require that a manufacturer’s rep-
resentative be on site to oversee and certify the gland installation.

EDUCATE FIELD INSPECTION STAFF

The current WSDOT Construction Manual does not address bridge construction joints. Thus, WSDOT field inspec-
tion staff have no guidance on what to watch for when expansion joints are installed. It would be beneficial to add a
section to the WSDOT Construction Manual that discusses the important aspects of bridge expansion joint installa-

tion.

Making the changes recommended above for the Contract Plans and Provisions will also help our field inspection
staff. Addressing joint installation issues in the Contract Plans and Provisions will help field inspection staff identify
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APPENDIX A

INDEPENDENT DESIGN CALCULATIONS
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APPENDIX B

CONTRACT PLANS (EXPANSION JOINT PORTION ONLY)
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APPENDIX C

CONTRACT PROVISIONS (EXPANSION JOINT PORTION ONLY)

e WSDOT Standard Specification for Road, Bridge, and Municipal Construction 2010
Section 6-02.3(13) Expansion Joints
e Special Provisions

6-02.3(13) Expansion Joints
This section outlines the requirements of specific expansion joints shown in the Plans. The Plans may require other
types of joints, seals, or materials than those described here.

Joints made of a vulcanized, elastomeric compound (with neoprene as the only polymer) shall be installed with an
approved lubricant adhesive as recommended by the manufacturer. The length of a seal shall match that required in
the Plans without splicing or stretching.

Open joints shall be formed with a template made of wood, metal, or other suitable material. Insertion and removal of
the template shall be done without chipping or breaking the edges or otherwise injuring the concrete.

Any part of an expansion joint running parallel to the direction of expansion shall provide a clearance of at least Y2-
inch (produced by inserting and removing a spacer strip) between the two surfaces. The Contractor shall ensure that
the surfaces are precisely parallel to prevent any wedging from expansion and contraction.

All poured rubber joint sealer (and any required primer) shall conform with Section 9-04.2(2).

14



Special Project Investigation

15



Special Project Investigation

16



Special Project Investigation

17



Special Project Investigation

18



Special Project Investigation

19



Special Project Investigation

20



Special Project Investigation

21



Special Project Investigation

22



Special Project Investigation

23



24



Special Project Investigation

APPENDIX D

STRIP SEAL SHOP DRAWING
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APPENDIX E

STRIP SEAL MANUFACTURER’S INSTALLATION PROCEDURE
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APPENDIX F

CONSTRUCTION PHOTOS

Photo No. 1 — Original Expansion Joint Prior to Demolition

Photo No. 2 — Demolished Expansion Joint
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Photo No. 3 — New Steel Extrusions In Place Prior to Concrete Placement

Photo No. 4 — White Paint on Gland Ear
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Photo No. 5 — Paint Stripe Removal and Cracks Over Anchorage Plates
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APPENDIX G

STRIP SEAL JOINT REPAIR PHOTOS

Photo No. 1 — WSDOT Maintenance Crew Removing Steel Extrusion From
Abutment Side

Photo No. 2 — Steel Extrusion That Was Remove

34



Photo No. 3 — Header After Steel Extrusion Was Removed

o

Photo No. 4 — Completed Repair
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APPENDIX H

SITE VISIT PHOTOS
(Taken 7/28/15)

Photo No. 1 — North Abutment
Photo No. 2 — North Abutment

Expansion Joint ) )
Expansion Joint From Below
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Photo No. 3 — Potholes Forming in Right Photo No. 4 — South Abutment Expansion
Lane Wheel Lines (North Abutment) Joint
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Photo No. 5 — South Abutment Strip Seal
Expansion Joint From Below

Photo No. 6 — South Abutment Strip Seal Joint Gland w/ Paint on Upper Ears
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Photo No. 7 — Concrete Adhered to Bottom
of Strip Seal Gland (South Abutment Joint)

Photo No. 8 — Concrete Adhered to Bottom
of Strip Seal Gland (South Abutment Joint)
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APPENDIX |

SUMMARY OF INSPECTOR’S DAILY REPORTS

Summary of Inspector's Dailey Reports for Bridge 5/104W Expansion Joint Replacement

(C-8150)
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APPENDIXJ

WSDOT BRIDGE DESIGN MANUAL—SECTION 9.1 EXPANSION JOINTS
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Americans with Disabilities Act (ADA) Information:
This material can be made available in an alternate format by emailing the Office of Equal Opportunity at wsdotada@wsdot.

wa.gov or by calling toll free, 855-362-4ADA(4232). Persons who are deaf or hard of hearing may make a request by calling the
Washington State Relay at 711.

Title VI Statement to Public:

It is the Washington State Department of Transportation’s (WSDOT) policy to assure that no person shall, on the grounds of race,
color, national origin or sex, as provided by Title VI of the Civil Rights Act of 1964, be excluded from participation in, be denied
the benefits of, or be otherwise discriminated against under any of its federally funded programs and activities. Any person who
believes his/her Title VI protection has been violated, may file a complaint with WSDOT’s Office of Equal Opportunity (OEO). For
additional information regarding Title VI complaint procedures and/or information regarding our non-discrimination obligations,
please contact OEQ’s Title VI Coordinator at (360) 705-7082.
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