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ABSTRACT 

 

Asphaltic Plug Joint is an expansion joint that is used for new and rehabilitated bridges. It 

provides a smooth and watertight surface free of debris; and offers simple, easy and 

staged construction. Asphaltic plug joint can be repaired segmentally and it is cheaper 

than most other expansion joint types. 

The durability and performance of asphaltic plug joints depend greatly on the 

temperature variations. In high temperatures APJs are susceptible to rutting, heaving, and 

delamination. In low temperatures, asphaltic plug joint area may develop spalling, pot 

holes, debonding and exposure of metal plate. 

Recently, over 25% of NDOT District III bridges have experimented failure of 

their newly constructed asphaltic plug joints. This premature failure has been observed to 

be predominantly in bridges having high movement decks (over 2 inches). While 

designed for 5 to 8 years of service, those deck joints need significant maintenance within 

six months of service. 

In an attempt to address the problems encountered with the NDOT bridge deck 

asphaltic plug joints, this investigation intended to: 

1 assess the condition and the extent of the problems associated with the 

asphaltic plug joints placed in the three NDOT districts; 

2 compile available published and unpublished information, and to conduct a 

national survey to all departments of transportation; and 



 

3 analyze the compiled relevant information and data, and to offer 

recommendations regarding quantifiable design parameters which can be used 

for proper construction of asphaltic plug joints. 

Properly selected materials, sound designs, viable construction methods, and 

maintenance strategies can lead to attaining improved bridge deck systems that can 

meet a set of performance criteria, as well as result in cost saving. The information 

presented in this report should assist NDOT in dealing with premature failure of 

asphaltic plug joints. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Introduction 

The bridges are structures in permanent motion. The factors affecting the movement are 

traffic and seismic loads, wind, different type of impacts on the superstructure and 

expansion and contraction due to temperature variations. All these factors induce stresses 

into the bridge deck and through bearings to piers and abutments. The joints are designed 

to accommodate these movements.  

Over the lifetime of a bridge the deck joints can be a source of many problems. During its 

service, without a proper design, installation and maintenance, the joints can deteriorate 

by leaking water and deicing chemicals towards the structural elements beneath the deck, 

by losing their bond with the pavement and causing material distresses in the traffic 

lanes. The overall performance of the bridge can be drastically reduced and the repairing 

costs could be high. Therefore, to ensure the performance of the bridge superstructure the 

joints should provide a smooth ride, a waterproof surface, durable and stable at 

temperature cyclic variations. 

 

1.2 Classification 

The general classification for accommodating a big range of movements can be 

summarized below. 

- Small movements with maximum 45 mm (1.8 in)  

- Medium movements  between 45 mm – 130 mm (1.8 in – 5 in) 
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- Large movements with minimum 130 mm (5 in) 

For each type of movement there were designed and developed different types of deck 

joints. Some of the joints can span between small, medium and large movements. 

Following is a description of each type of joint and its advantages and disadvantages. 

In the category of small movement joints the most used ones are the sliding plate joints, 

poured seals, compression seals, butt joints and asphalt plug joints (APJ). 

· Sliding Plate Joints 

The sliding plate joints consist of a sliding steel plate, a steel angle and an anchorage 

(typical) and an anchor bolt (also typical). The top steel plate slides (hence the name) 

on the two steel angle plates underneath, placed at each side of the joint. The anchor 

bolt and the anchorage prevent the plates from geometric deformation, being 

embedded into the concrete slab (Malla et al, 2003). It does not prevent water or 

deicing chemicals to enter into the joint but it does prevent debris to pass through the 

opening. Because they are not waterproof, the plates corrode and bond to each other, 

losing the ability to accommodate the movements they were designed to. 

Their advantages consist in their simplicity, reasonable cost and satisfactorily 

performance. The installation of troughs underneath the joint, to carry away the 

water, was proven beneficial and prolonged their life service. They can also be used 

to accommodate medium movements of up to 100 mm (4 in). 

The main disadvantage is the water intrusion that leads to corrosion and structural 

damage. If they are installed improperly or are not perfectly aligned they can warp or 

bend and under heavy traffic it can become a traffic hazard. Also, the plates have to 
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be adjusted periodically because they loosen up and the noise level it might be 

disturbing. 

· Poured Seals 

The poured seal joints consist of a backer rod (which is a polyethylene foam) pushed 

into the bottom of the joint to prevent any debris from entering, a polymer concrete 

header placed on each side of the opening and a poured in place silicone sealant. Most 

of the sealants used have a high performance level in terms of elasticity, temperature 

range and resistance to ozone and UV rays. Their advantage is their ability to have a 

good performance response to the temperature variations. They are easy to use in new 

and rehabilitation projects. They have a relatively short maintenance time frame, they 

should be replaced every eight years or so making them good candidates for 

rehabilitated bridge projects. They can accommodate movements of up to 75 mm (3 

in) and can be used in joints where the surfaces are not perfectly plane or vertical.  

Disadvantages include sensitivity to field condition installation; the placing should be 

made at the midpoint of the historical ambient temperature range. If the deck edge is 

damaged then the joint is damaged leading to debonding with the underneath layers 

and thus permitting the water to leak into the opening. 

· Compression Seals 

Compression seals consist of an elastomeric seal made of polychloroprene or 

neoprene and a filling of polyurethane with 75% solids to minimize the intrusion of 

water and debris. It can also be used with steel armoring to reinforce the walls of the 

joint. They are designed to function in a compressive state to ensure the 
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waterproofing and to stay in place by using the friction forces developed between the 

seal and the joint walls. They can accommodate movements of up to 100 mm (4 in).  

The advantages are their cost effectiveness, easy replacement and water proofing. 

One of the disadvantage is that they can be damaged by snowplow, and the 

accumulation of debris upon the top of the joint may deteriorate it and allow water to 

penetrate into the layers underneath the joint. If the joint is used with steel armoring 

then it should be repainted periodically or coated with epoxy to prevent corrosion. 

· Butt Joints 

Butt joints are used when only a small rotation or movement need to be 

accommodated of maximum 25 mm (1 in)., because it does not provide at all a 

transition between the bridge deck and abutments. The joint can have armoring or 

not. If armoring is provided its purpose it to protect the deck edges and it is embedded 

into the concrete deck through bolts and bars (Purvis et al, 1989). Due to the fact that 

it is an open joint, which water and debris can pass through, it is very prone to 

deterioration. The armoring can be corroded and dislocated creating a traffic hazard, 

and when is completely missing the pavement experiments ravelling and spalling.  

· Asphalt Plug Joint (APJ) 

The APJ is used for movements of maximum 50 mm (2 in). It consists of a polymer 

modified asphalt (PMA) with open-graded aggregates poured into a saw-cut “box” 

typically of 20 in wide and 2 in deep. Before placing the PMA a backer rod is 

installed at the bottom of the joint and the space is filled with closed cell polyethylene 

foam for waterproofing. A steel plate of typically 8 in. wide is centered over the joint 

to prevent the binder to flow into the opening. The binders used for the joint are 
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usually bitumen-modified with plasticizers to obtain the desired flexibility. Their 

advantages are numerous. They provide a smooth and watertight surface free of 

debris. They are simple, easy and quick to install and can be easily repaired or cold 

milled when a road is resurfaced. On the other hand the disadvantages are not 

insignificant. It is recommended to be used for skewed decks of maximum 30o, 

otherwise they can be damaged by snowplow. The joints installation, maintenance 

and material behavior is strictly influenced by temperature. They are soft when it’s 

warm and brittle when it’s cold. Their service temperature doesn’t always meet the 

actual climate condition. 

When the temperatures are high, the joint area develops rutting, heaving and 

delamination. When the temperatures are low, the joint area develops spalling, pot 

holes, leading to debonding at the joint plug - pavement interface and to exposure of 

metal plate and consequently to its corrosion. 

 

In the category of medium movement joints the most commonly used are finger joints 

and strip seals.  

· Finger Joint 

Finger joints are accommodating movements greater than 75 mm (3 in) but no bigger 

than 125 mm (5 in). The joint consists of a steel plate installed in cantilever 

configuration. Because they are metallic they need to be stiff in order to avoid 

vibrations under traffic loads. They also need to withstand rotations and vertical 

deflections. For a minimum impact from the blade of the snowplow the fingers can be 

slightly tapered downward towards the center of the joint (Malla et al, 2003). Usually 
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they are constructed with a trough underneath made of neoprene to carry away the 

debris, deicing chemicals and water. An optimum slope should be 1% to ensure the 

proper drainage and debris removal. Some of the advantages are that they tend to 

have fewer problems than other joints, and they permit horizontal and vertical 

movements. Their main disadvantage is that being designed as an open joint it allows 

for water and debris to pass through. They have to be properly maintained and the 

drainage troughs cleaned periodically. Because of the traffic sometimes they can have 

broken fingers that have to be replaced. They also can have an increased noise level 

and the riding surface is not perfectly smooth.  

· Strip Seals 

Strip seal can accommodate movements of maximum 100 mm (4 in). They consist of 

a “V” shaped elastomeric strip seal that locks into steel edges at each side of the joint. 

The metallic edges are embedded into the concrete through an anchorage system. The 

movements are permitted by the folding (at the slab contraction) and unfolding (at the 

slab expansion) of the “V” shaped membrane. 

They have the advantage of a long service life if installed properly. On the other hand 

the seals are difficult to replace and are easily damaged by snowplow especially if the 

skew angle is greater than 20o. They also tend to accumulate debris that later induce 

damage to the joint by losing its waterproofing quality.  

 

In the category of large movement joints the most common ones are bolt-down panel 

joint, the modular elastomeric seal, the inflatable neoprene seal and the reinforced 

elastomeric joint. 
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· Bolt-down Panel Joint 

Bolt-down panel joint consists of a monolithic elastomeric panel placed into a block 

out, centered on the joint, reinforced with steel plates and connected to the deck 

through bolts. The advantage is that it can accommodate movements of up to 330 mm 

(13 in) and can be constructed in various widths. The disadvantages are related to the 

displacement of the anchorage elements (bolts and nuts) due to the traffic loads, thus 

conducting to potential traffic hazard. Also, due to the loosening of the bolts the water 

and debris can penetrate underneath the joint leading to possible structural problems. 

· Modular Elastomeric Joint 

The modular elastomeric joint consists of modular assembly of transverse neoprene 

seals, edge and separation beams, bearing on support bars spanning the joint opening. 

The configuration comprise neoprene strip seals mechanically held in place by steel 

edge and separation beams.  Each separation beam is supported by independent 

multiple support bars, which are welded to the separation beams.  The multiple 

support bars are suspended over the joint opening by sliding elastomeric bearings.  

Modular elastomeric joint are more complex and expensive to install therefore their 

maintenance costs are high. Usually they are used for large spans and large 

movements of up to 600 mm (24 in). Sometimes with special designs they can 

accommodate movements of up to 1200 mm (48 in). They have a satisfactory life 

service performance and they are watertight. 

· Inflatable Neoprene Seal 

Inflatable neoprene seal is known by the trade name of Jeene Structural Sealing Joint 

System being manufactured by Hydrozo/Jeene, Inc, the only supplier. It consist of a 
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preformed open cell neoprene strip of the same size as the midrange joint opening 

bonded to the edges of the joint with an epoxy adhesive. After placing, the seal is 

inflated in order to compress the neoprene and achieve waterproofing. During the 

curing time of the adhesive the inflation is maintained allowing to deflate after 

approximately 24 hours. Its advantage is that is a very easy to put in place joint type 

with minor traffic interruptions. The disadvantage consists mainly in loss of adhesion 

and therefore water intrusion. 

· Reinforced Elastomeric Joints 

These type of joints are generally available as two types: the sheet seal and the plank 

seal. The sheet seals can accommodate movements of up to 100 mm (4 in), whereas 

the plank seal can accommodate movements of up to 225 mm (9 in). The sheet seal 

consists of a steel neoprene pad with overlapping ends. The pad is connected with the 

deck by cast in place studs. After a flexible epoxy is coated on the flap of the pad the 

second pad is laid down to create a field splice. 

The plank seal is similar in construction and installation procedure to the sheet seal 

with the difference of having a tongue and groove ends. 

If not installed properly the joint edge can spall thus making the joint prone to water 

infiltration. The bolts must be retorqued after several days following installation to 

account for the creep developed in the elastomer, all the bolts must be re-tightened 

annually and/or replaced if damaged (Purvis et al, 1989). They can be easily 

deteriorated by snow plow. Their performance is not cost effective, they are sensitive 

to installation and maintenance which is hard and expensive to do.  
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Background on Asphalt Plug Joints (APJ)  

Asphaltic plug joint (APJ), and as an expansion joint, is easy to install, relatively 

inexpensive, and suitable for new and rehabilitated bridges. The asphalt plug joints 

connect the abutment with the bridge deck making a smooth transition onto the bridge 

surface. It allows the bridge deck to expand or contract, at the same time keeping the joint 

free of debris and water as can be seen in Figure 1. Their benefits include a relatively low 

cost and less disruption to traffic during installation in comparison with other joint types 

but they also have their disadvantages, mainly the sensitivity to temperature, bridge 

movement, and heavy traffic loading.  

 

Figure 1 

Abutment and bridge deck connection 
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Any material distress in the joint area can compromise the designed function of the joint 

and can lead to costly maintenance repairs or replacements.  A modified binder aggregate 

mix is placed in a blockout and is bonded to the substrate on three sides as can be seen in 

Figure 2. Displacements occur where the gap plate slides on the bottom of the blockout 

leading to high strain deformations. 

 

Figure 2 

Typical APJ Section 

 

In United States, Bramel at al. (1999) at the University of Wyoming, have done extensive 

research regarding the APJ material tests in the laboratory and in-situ and they developed 

design guidelines based on field observations, material tests, and analytical evaluations. 

A short review of their work will be presented in the coming sections. 

Mogawer et al. (2004) did an evaluation of APJ that were started being used in the 

northeastern states in the beginning of 1990. Fifteen years later the authors published 

their results in respect with identifying the reasons for joint failure, the life span, material 

properties and failures in installation and maintenance.  
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As opposed to US, extensive research has been conducted in Europe and Australia. 

Australia developed a bridge design code AS-5100 for bearings and expansion joints 

(Velo et al, 1996). United Kingdom adopted standards to be used in installation of APJ 

joints dealing with QC/QA practices. All the principal manufacturers and installers, even 

though they have their own materials and techniques, adhered to these principles. The 

standard for APJ produced by the Bridge Joint Association was incorporated in the 

Design Manual for Roads and Bridges in UK. Some of their requirements include a limit 

of the longitudinal and vertical movement of 5-40 mm (0.2-1.6 in) and max 3 mm (0.12 

in) respectively. Also, it is specified that the design will be done in such a way that joints 

will function correctly without the need for excessive maintenance during their working 

lives. Accent is put on following the manufacturer’s instructions regarding the joint 

installation and waterproofing the interface between the expansion joint and the bridge 

deck.  

In Switzerland, the first bridges with APJ were built in the 1980's. Following their 

behavior the Swiss Federal Roads Authority (ASTRA) together with industry 

representatives and laboratory testing experts developed guidelines regarding the design, 

construction, maintenance and material testing after five years of gathering data and 

observing the behavior of eighteen APJs. Each test site was monitored and periodically 

inspected. The behavior of APJ was recorded and laboratory and field experiments were 

conducted. Some of the APJ installations failed due to the poor quality of the binder 

material. Also, installation instructions and equipment used were insufficient and the 

working crew not properly trained. These findings led to the introduction of the ASTRA 

guidelines in 1996. Since then the authors reported that the situation improved 
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considerably for the APJ systems and emphasized that the quality control during material 

production and construction are crucial for a durable functioning of asphaltic plug joints. 

The developing and adoption of ASTRA guidelines was done in close coordination with 

the activities of a corresponding task group in Germany. The new guideline contained 

material requirements, test procedures, instructions on quality management and 

construction.  

Asphaltic plug joints are used all over US for new and rehabilitated bridges. Usually the 

contractors follow the manufacturers’ recommendations and specifications. Each APJ 

component has a special design function that affects the overall performance of the joint. 

The backer rod prevents the binder to flow into the gap and the gap plate prevents the 

APJ mixture to be pushed into the expansion gap during traffic loads. The mixture has to 

be very resilient and resist at the contraction and extension of the bridge during 

temperature changes. 

In the literature it is noted that the aggregate used in an APJ system should be graded, 

washed and drained crushed rock from the basalt, gabbro, granite, delerite and grit stone 

groups. The gradation of the aggregate is suggested to be gap graded, having larger voids 

in mineral aggregate that allow larger asphalt content like 20%-40% by volume 

(Mogawer et al, 2004). The British APJ standard recommends that if the joint filling is 

mixed on site, the aggregate shall be delivered to the point of installation in pre-weighed 

sealed bags. The aggregate should be heated to avoid the increasing of the air voids in the 

mix but not too much as to exceed the installation temperature of the binder of 370°F - 

385°F (188°C - 196°C), because at high temperature the adhesion between the binder and 

the aggregate might be compromised.  
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APJ systems, typically between 500 mm (20 in) wide and 70-160 mm (2.8-6.4 in) thick, 

are required to work within a temperature range from -25°C to +45°C and to sustain gap 

closings and openings from -12.5mm to 25mm (0.5-1 in). The APJ should accommodate 

vertical gap movements up to a maximum of 5 mm (0.2 in). The gap of the joint is 

covered by a sliding steel plate, which prevents the APJ material to be squeezed into the 

gap by traffic loads. Its width is typically 1060 mm (42.4 in). In most cases, the 

aggregates have 22 mm maximum aggregate size (Partl et al, 2006). 

Different authors suggested that the binder should be rubberized, polymer modified or 

shall comprise of a blend of bitumen with Styrene Butadiene Rubber (SBR). Binder will 

also have different properties and shall be hot applied. The tests on binder have to be 

performed by an independent testing facility and the testing should be performed before 

and during construction and as well as 2 and 5 years post construction (Bramel et al, 

1999). 

The blockout is typically between 500 mm (20 in) and 610 mm (24 in) wide and no 

thinner than 50 mm (2 in) spans between concrete and/or asphalt sections. The backer rod 

has to be heat resistant and must be placed to a minimum depth of 1-1/2”. 

The gap plate can be made of aluminum, mild steel, and structural steel with or without 

corrosion protection. Usually the aluminum plates, which are more easily molded, are 

more suitable where the bottom of the block out cannot be leveled, or where the approach 

or trailing side has a weaker base than the concrete deck and a steel plate might displace 

the APJ material. The most recommended one is the stainless steel plate with a minimum 

thickness of 3/16 of an inch and typically 8 in. wide centered over the joint to prevent the 

binder to flow into the opening. 
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The size and shape of these plates can be from 6 mm (1/4 inch) thick and 200 mm (8 

inches) wide with varying lengths. They are laid into the APJ binder and secured into the 

backer rod with galvanized 16d nails. The gap plate role is to keep the binder/aggregate 

mix from extruding into the gap separating the abutment and bridge deck. In UK, the APJ 

standard specifies that at the in-situ joint the flashing should be used as a flexible 

membrane for waterproofing. In addition, the caulking is used as a compressible material 

to fill the expansion joint gap in order to prevent the binder leaking away from the joint 

during the filling of the joint. It has to be heat resistant to withstand maximum safe 

heating temperature of the binder. 

The drainage must allow water at sub-surface level to be removed from the 

asphalt/waterproofing interface. The bridge deck requires discharge points at specified 

locations to allow the water to drain from the bridge deck into a designed drainage 

system. 

 

2.2 Encountered Problems 

Drainage 

Failure may occur when the APJ system fails to be impervious, thus allowing water and 

associated contaminants, like salt, to enter and/or pass through the joint into the 

underlying suprastructure. 

The deck design shall incorporate drainage independent of the joint. The drainage is 

present to allow water which gathers at sub-surface level to be removed from the 

asphalt/waterproofing interface. 
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The drainage, which includes collection points or channels transverse to the length of the 

deck, requires discharge points at specified locations to allow the water to drain from the 

bridge deck into a suitable system. 

During service life, water from the neighboring adjacent pavements with high air void 

content may build up at the APJ-side and destroy the adhesion between APJ and the 

pavement in summer time. During winter, this water may freeze and ice-induced 

debonding may occur. 

Movement 

Service movement of the joint matrix shall be +/- 20 mm when set at mean whereas some 

joint types will accommodate greater movements. Maximum allowable anticipated joint 

movement is stated to be +/- 25mm (1in) or 50mm (2in) (Bramel et al, 1999). Due to 

thermally induced movements, the joint either expands or contracts. These movements 

force the gap plate to move relative to the block-out bottom and create debonding below 

and adjacent to the plate. In order to accommodate movement the joint filling must 

remain flexible. 

Rutting 

Rutting on APJ is a problem that will be present all the time. It can be alleviated if the 

joint will be placed to locations where the traffic is moving relatively fast. The joints 

should not be installed on intersections where the stationary or slow moving traffic 

induces a load that forces the material to flow out of the wheel. Another problem 

generating rutting is the skew angle. Rutting will increase due to skew angle and a 

reasonable limit to it is 30° (Bramel et al, 1999; Mogawer et al, 2004).  
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2.3 Failure Modes 

Critical failure modes occur when the expansion joint leaks or ride quality over the joint 

is poor. Leakage in the expansion joints may be due to tension cracks through the joint, 

debonding, or material spalling out of the blockout. Poor ride quality can occur due to 

rutting, material piling up due to compression, material flowing out of the blockout in the 

traffic lanes, and the track-out of the plug joint material by passing traffic (Mogawer et 

al, 2004).  

An ideal APJ material may have a modulus much lower than the pavement material and a 

nearly constant modulus of elasticity for the operating temperature range. Good range for 

an asphalt pavement is 1,300 to 4,500 Mpa at room temperature (Bramel et al, 1999).  

Some of the tests conducted are Normal Bond Test, Shear Bond Test, Modulus 

Resilience Test, Georgia Loaded Wheel Test, and Thermal Stress Restrained Specimen 

Test. Most authors noted that the APJ mixture acts “stiff” or “brittle” at colder 

temperatures and is “soft” or “pliable” at warm temperatures. 

 

2.4 Material Tests 

Material tests such as tensile strength, shear bonding strength, normal bonding strength, 

modulus of elasticity, and modulus of resilience are used to evaluate the failure modes. 

The temperature plays a crucial role in the performance of APJ therefore the tests were 

evaluated as functions of temperature to develop the ability of the material to resist to the 

service demands. 
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Normal Bond Test 

The normal bond test evaluates the bonding capacity of the APJ binder applied to the 

bridge concrete deck.  Usually this occurs at the interfaces between the abutment and the 

joint perpendicular to the traffic direction. The load is applied perpendicular to the bond 

plate.  

Previously, a test was done in direct tension on previously sawed samples of 50x50x250 

mm (2x2x10 in) that was 125 mm (5in) of APJ and 125 mm (5in) of concrete. The tests 

were conducted at a loading rate of 5mm/min (0.2in/min) with data being recorded using 

acquisition system (Bramel et al, 1999). 

Because the material demonstrates a brittle behavior, only the ultimate strengths are 

reported. At the interface between the aggregate and the binder, any failure will be a 

combination of normal bond, shear bond, and APJ binder failure. The normal bond 

ultimate stress is lower than the material yield stress. Bond failure in the field leads to 

water infiltration in the joint. 

Shear Bond Test 

The shear bond test evaluates the bonding capacity of the APJ binder applied to the 

bridge concrete deck and abutment block-out. This occurs in the APJ joint on the block-

out bottom interface parallel to the traffic direction. The load is applied parallel to the 

bond plane. A test was a thick adherent test where a previously sawed sample of 

50x50x250 mm (2x2x10 in) with approximately a 19 mm (0.76 in) shear zone between a 

concrete and APJ segment was evaluated in pure shear. The tests were conducted at a 

loading rate of 5mm/min with the data being recorded using data acquisition system 

(Bramel et al, 1999).  The authors observed that at temperatures above -18 °C (0°F) the 
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shear stress was higher than the yield stress allowing the APJ material to deform whereas 

at temperatures close to and below -18 °C (0°F) the shear stress was lower than the APJ 

material stress forcing the energy developed from the bridge motion to shear the joint 

from its support. 

Modulus of Resilience Test 

The modulus of resilience test (MR) is a standard test for asphalt materials that measures 

the modulus of the elastic or visco-elastic rebound by using a dynamic compressive 

loading of 1, 2, or 3 Hz with a haversine loading waveform of one-tenth cycle duration 

that produces a rapid loading rate. The resilience modulus is an indirect tensile test where 

a 150 mm (6 in) diameter by 75 mm (3 in) thick core is placed in compression and the 

tensile deformations are measured diametrically normal to the compressive load. 

Modulus of resilience is defined as the slope of the unloading cycle, with two points for 

computing the long-term modulus of resilience; this being the point at which unloading 

begins and where the next cycle starts (Bramel et al, 1999).   

This test represents the loading due to traffic where a wheel load will be traveling down 

the pavement and is on the joint for only a short time. However, the test is not a good 

simulation of the loading condition on the bridge joint, which is not as rapid. For traffic 

loading, investigation of stress in elastically supported expansion joints under wheel 

impact loading provides a detailed description of the relationship between a modular 

expansion joint and truck during the short time of impact. The loading displacement at 

which one of the failure criteria was met can be considered the maximum allowable 

motion for the modeled joint geometry and material characteristics at the joint 

temperature (Bramel et el, 1999). 
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Georgia Loaded Wheel Test (GLWT) 

The Georgia Loaded Wheel Test (GLW) is an asphalt pavement accelerated test to 

evaluate the rutting. It comprise of a 150 mm diameter by 75 mm thick core placed in a 

machine that exposes it to a set number of cycles from a standard “wheel”. The resulting 

rut depth is measured. The test is run at an elevated temperature of 46°C (110° F) with a 

45-kg steel wheel running on top of a pneumatic hose inflated to 690 kPa (100 psi) for 

finite increments up to 8000 total cycles. For asphalt pavement acceptable rutting 

performance has been correlated with a total rutting depth of less than 7 mm (0.3 in) at 

8000 cycles of the GLW. This test is only useful as a comparative test for APJ since they 

are softer than asphalt pavements and will exhibit rutting. (Bramel et al, 1999).  

Thermal Stress Restrained Specimen Test (TSRST) 

The TSRST test is a low temperature test to evaluate the ability of an asphalt pavement to 

resist the internal stresses developed through cooling. The test apparatus actively 

maintains the original length of the specimen and measures the force induced by the 

thermal contraction as the temperature drops. At a certain temperature, the internal stress 

will equal the materials resistance and a brittle failure will occur. The TRSRT results 

indicate that will be a temperature joint failure with zero movement. Also, indicates the 

glass transition temperature (Tg) which is an important property of the highly modified 

APJ binder (Bramel et al, 1999).  The glass transition temperature (Tg) is the temperature 

where the APJ binder material becomes brittle with little or no plastic deformation and it 

fails due to changes in its mechanical behavior. It is situated in between -18°C (0°F) and -

40°C (-40°F). Above glass transition temperature the APJ binder behaves like a ductile 



 20 

solid or highly viscous liquid. Below glass transition temperature, the material behaves as 

a brittle solid and any small joint movement will create a fracture that will propagate 

through the joint and ultimately will lead to failure. 

Relaxation 

Relaxation and glass transition temperature Tg are important time-dependent material 

properties that can be obtained by using the standard TSRST asphalt test slightly altered. 

Relaxation is a reduction in load/stress while a constant strain in maintained over time. 

The relaxation is determined by inducing a small displacement, holding it constant, and 

measuring the load decrease with time. If the material relaxes as rapidly than the 

temperature change demands, no stress is induced.  

With the decreasing temperature the material ability to flow decrease as well. This will 

happen until an abrupt ductility transition occurs or the material viscosity is practically 

zero becoming brittle. Any small movement or additional decreasing in temperature will 

cause a fracture that will propagate through the joint and will result in material failure. 

Relaxation tests showed that the load relaxed rapidly to an intermediate level, at which 

point the decay rate was significantly lower. Conceptually a relaxation time less than 15 

minutes implies that the joint will relax faster than the thermal inertia allows the bridge to 

deform, therefore APJ should only be installed where traffic moves at high speeds with a 

thickness of less than 50 mm (2 in) (Bramel et al, 1999). 

Thermal Cycling Test 

The Thermal Cycling Test and the Vibration Test were developed by the researchers at 

the BAM (Germany) to test an APJ function as a whole. The thermal cycling test 
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measures the APJ performance under slow, horizontal joint movements between +25mm 

(+1”) and -12.5mm (-1/2”) at a rate of 0.2mm/h. The temperature is also varied from  

-20°C (-4°F) during extension of the joint to +50°C (122°F) during contraction of the 

joint. The test is conducted until the failure of the specimen, which is considered when it 

becomes impervious to a NaCl solution (Mogawer et al, 2004).  

Vibration Test 

The thermal cycling test measures the APJ performance at -20°C (-4°F), under dynamic 

loading using a sinusoidal waveform at a frequency of 1Hz. A continuous pulsating 

bending test dictates the loading levels. The failure occurs when the joint fails. 

Full Scale Tests 

To assess the material properties in-situ strength tests are used to validate the real life 

APJ behavior. An investigation conducted by Bramel et al, 1999 used special molds 

allowing one-meter joint segment to be placed in one operation. The molds were sent to 

three US suppliers for placing with their material: Pavetech, Koch/LDI, and Watson 

Bowman Acme. The molds were filled using the same construction methods as regular 

bridge joints. The Pavetech joint showed no signs of a bond failure. Watson Bowman 

Acme has a material failure with also no sign of bond failure. Koch/LDI joint material 

was the stiffest of the three samples and exhibited the lowest normal adhesion strength 

therefore it had a bond failure.  

All samples showed signs of fatigue cracking in zones of high stress concentrations, 

typically at the edge of the gap plate or the top corner of the APJ and the base material. 

Usually the autogenous healing, traffic flow and seasonal joint compression at elevated 
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temperatures can extend the joint service life but it has to be maintained, inspected and 

replaced periodically. 

 

2.5 Failure Associated with Design 

Repair of deck joints is one of the most common and costly maintenance tasks. Design 

loads, fatigue, movements, gap width, joints sealants, drainage and installation are 

essential to be proper constructed so to minimize the cost of their maintenance. 

Components of movement including temperature, creep, shrinkage, prestress, and any 

additional construction or settlement movements likely to occur during the life of the 

bridge should be considered (Purvis et al, 2003). Joints details should be described and 

shown on the work plan. Drains should be placed uphill of the joint in the sidewalk or 

curb to prevent as much water as possible from reaching the joint. 

The use of aluminum components is not recommended, as they are easily damaged. Still 

the British Standard recommends the plate to be of aluminum or mild steel with or 

without corrosion protection of a thickness and width appropriate to the expansion joint 

gap. 

Steel devices must be protected with a coating such as paint or galvanization. Joints 

should be designated for movements that are likely to occur. Deck joints with little or no 

tolerance for unanticipated foundation movements should not be used. Joints sensitive to 

skews should not be used in bridges with large skews. Sliding plate joints should not be 

used where vertical movements and rotations are probable. 

Only joints that have been subjected to successful load tests should be used on highway 

bridges. Bridging-type joints should only be used if they can survive the application of 
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substantial vehicular overloads. Wide elastomeric joints should not be used in snowplow 

environments. Substantial joint edge armor and armor anchorage should be used on all 

joints. 

Flexible continuous joint sealants and fillers, and pourable sealants may be used on short 

span bridges with movement range less than 20 mm. Movement range is limited to + or – 

25% of installation width. The advantage of this type of deck joint is the seal because it is 

repairable without replacement of the full length of seal. 

Minimum geometric considerations should be taken into account when selecting an APJ 

for use. These limitations are imposed due to the special nature of the material. At a 

minimum the installation depth, width, length and skew angle have to be clearly specified 

and carefully selected. 

In the literature, there are different recommendations for the minimum joint depth, width 

or length. The values also differ in function of manufacturers and experience. One source 

recommended a joint depth of a minimum depth of 75 mm (3 inches) and a maximum of 

100 mm (4 inches) while another stated a joint depth range from 70 mm (2-3/4 inches) to 

160 mm (6-1/4 inches). 

There is a minimum dimension for the APJ that is a wedge extending upward at 60° from 

the edge of the gap plate and debond. The fixed side of the plate must be secured with 

fasteners or APJ binder to force the joint motion into the preferred side (Bramel et al, 

1999). 

In hot weather when the APJ becomes too soft some amount of plug joint material might 

be dislocated by road-tire interactions, such as horizontal breaking forces or vertical 

bumping loads. In the case of pavements with high air void content or after rainfall 
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lasting for days immediately before the APJ construction, it is impossible to achieve a dry 

interface between the pavement and APJ. Wet pavements can produce poor interface 

bond between the pavement and APJ therefore, at these locations the debonding will 

occur (Partl et al, 2006). 

In cold weather a thin joint might be susceptible to material failure like cracking, 

debonding, and spalling. In hot weather if the joint is too thick it might be susceptible to 

rutting, bleeding and shoving.  

The joint width must be sufficient to allow room for thermal expansion and contraction 

without letting the gap plate hit the abutting wearing course during this process. If the gap 

plate hits the wearing course on either side of the joint, the joint may fail and the wearing 

course may be damaged. Joint widths are typically no less than 500 mm (20 inches) 

(Mogawer et al, 2004). Joint length and skew angle have to be carefully treated when 

using an APJ. A skew angle larger than 30 degrees becomes prone to snowplow 

deterioration. 

The joint waterproofing must continue over its entire length just as the expansion gap of a 

bridge continues through any curb and sidewalk bridge. Researchers from EMPA 

observed that the curb area might present more problems than the traffic lane. The 

waterproofing consists of sealant compatible with the substrate and tooled on the vertical 

and horizontal faces of the curb. If this sealant separates from the substrate the curb areas 

will leak and may cause damage to the underlying substructure, similar to leakage 

through the APJ (Partl et al, 2006). 

In the British standard for APJ, the curb expansion gap is required to be equivalent and 

directly in line with the bridge expansion gap. The curbs have to be undercut to the 
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specified joint width as to provide a minimum clearance of 50 mm (2 in) between the 

underside of the curb and the deck. The gap between curbs has to be properly sealed. 

The main function of an APJ is to cover the expansion gap of a bridge and remain 

waterproof. Depending on the temperature the bridge with contract and expand, therefore 

the APJ material must be able to “follow” the bridge. In UK, a typical APJ is required to 

be functional within a temperature range of -25ºC (-13ºF) to +45ºC (+113ºF) (Part et al, 

2006). In US, the seasonal temperatures vary greatly from north to south and within each 

state and they go over the limits adopted for Europe. 

The bridge joint moves horizontally and vertical. Horizontal movements are considered 

quasi-static, happening slowly over time and are mainly induced by thermal contraction 

and expansion and the forces induced on the APJ during this type of movement are 

considered to be far less than the dynamic forces from traffic loading (Mogawer et al, 

2004). Dynamic loading and end beam rotation can cause vertical movements.  

A research conducted by Chang et al, 2001, recommended using APJ in locations with 

less truck traffic and small bridge movement. An ADT of roughly 20,000 was found to 

provide a good behavior of asphaltic plug joints in terms of traffic loads. 

 

2.6 Failure Associated with Material 

At high temperatures the joint area develops rutting, heaving and delamination. At low 

temperatures, the joint area develops spalling, pot holes, debonding at the joint plug - 

pavement interface and exposure of metal plate that leads to rusting. Typical distresses 

can be seen in Figure 3. A more detailed description of each material distress it will be 

given in the following pages. 
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The advantages of APJ regarding their easy installation, repairing and relatively low cost 

and eclipsed by disadvantages, the biggest one being that the material behaves different 

function of temperature, like becoming brittle at colder temperatures and soft at warm 

temperatures. This material phenomenon makes the joint more sensitive to distress and 

more likely to fail. Many internal and external factors can lead to the failure of APJ. 

 

Figure 3 Typical distresses 
 

Failure begins when the APJ system becomes pervious, thus allowing water and deicing 

chemicals to enter and/or pass through the joint into the underlying superstructure. 

During leaking, water can infiltrate through the joint, causing accelerated corrosion to 

integral parts of the structure and substructure, thus decreasing the bridges service life, 

and increasing maintenance costs (Mogawer et al, 2004). It appears that a number of 

different effects and material distresses combined are the actual reason for the failure of 

the APJ system. Some of the distresses are described below. 

- Debonding or separation is a material failure between the APJ and adjacent 

pavement interface (Figures 4a and 4b).  This is due to the glass transition 

temperature at which they become brittle, lose ductility, and crack, causing leaks 

and debonding.  
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Different theories try to explain the debonding cause and process. It was 

considered that the water would collect at the APJ-pavement interface due to the 

impervious nature of the APJ mixture if the pavement near the joint has a 6% air 

void content or higher. Unless the water drains out it will freeze in the winter, 

pushing the material at the interface and thus causing debonding. Other 

discussions are related to the fact that the solvents used on the vertical wearing 

course pavement faces might not fully evaporate thus weakening the adhesion at 

the APJ-pavement interface. One solution to prevent the debonding is the 

suggestion of adding a denser pavement on each side of the APJ. 

 

    Figure 4a Debonding 

 

- Cracking or splitting in tension is a material failure due to excessive stresses or 

strains induced by joint motion, material fatigue, and thermal stresses exceeding 

the materials capabilities at low temperatures. If they are not treated, the 

transverse and longitudinal cracks are avenues for water to enter into the joint and 

causing leaking. The researchers at the University of Wyoming determined from 

the laboratory tests that the material is very stiff at low temperatures thus leading 

to cold temperature cracking. At the glass transition temperature Tg the material 
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becomes brittle thus thermal stresses exceeding the material capacity (Bramel et 

al, 1999). 

 

    Figure 4b Debonding 

- Reflective cracking does not occur over the expansion gap because of the plate 

above, but rather at the edges of the plate where it develops cracks (Figure 5). 

From the finite element analysis, it is considered that these edges of the gap plate 

are an area of localized stress, which is relieved through the formation of a 

reflective crack. Another reason for reflective crack occurrence is the continuous 

back and forth motion because the plate is not perfectly flat. 

- Rutting is characterized by permanent deformation of the pavement (Figure 6). It 

generally develops during the hot seasons, as channelized depressions in the 

wheel paths. For the APJ the rutting occurs usually in the summer when the 

material is soft and pliable. Even though the distress is not directly linked to 

leaking, it can propagate more severe distresses like spalling that can result in 

joint failure. Another problem is the rideability issue that prevents a smooth 
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transition and the steering that can accelerate the rutting. In addition, it will 

increase due to the APJ skew angle. 

 

    Figure 5 Reflective cracking 

 

     Figure 6 Rutting 
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- Raveling is a progressive separation of aggregate particles in a pavement from the 

surface downward or from the edges inward (Figure 7). Usually, the fine 

aggregate wears away first and then leaves little "pock marks" on the pavement 

surface. As the erosion continues, larger and larger particles are broken free and 

the pavement soon has the rough and jagged appearance typical of surface 

erosion. It also has the same unpleasant rideability effect as rutting and in time 

can lead to more severe distresses that can cause the joint to fail. It is in equal 

measure a cold or warm weather issue. 

  

     Figure 7 Raveling 

- Shoving/pushing as can be seen in Figure 8, is a form of plastic movement (like 

an abrupt wave) across the pavement surface. It usually occurs in warm weather 

where the asphalt abuts a rigid object (plate) and is caused by traffic action 

(starting and stopping) combined with poor mix design, excessive moisture in the 
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subgrade or lack of aeration of liquid asphalt emulsions. The issue of skew angle 

is also a matter of pushing the material out of the joint due to traffic loading. 

Shoving/pushing will affect the ability of the APJ to provide a smooth transition 

over the joint and may propagate other distresses that can lead to joint failure.  

 

    Figure 8 Shoving/Pushing 

 

- Segregation shown in Figure 9, is the non-uniform distribution of coarse and fine 

aggregate components within the asphalt mixture. If it is a coarse segregation, the 

gradation is shifted and there are not enough fine aggregates. The mix has a low 

asphalt content low density; high air voids, rough surface texture, and accelerated 

rutting and fatigue failure. If the mix is a fine segregation, the gradation is shifted 

and there are not enough coarse aggregates. It is characterized by high asphalt 

content; low density, smooth surface texture, accelerated rutting, and better 

fatigue performance characterize fine segregation. The non-uniform mix can lead 
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to weakness areas that can later develop into severe distresses like debonding, 

rutting, and cracking. Usually the best method to detect the segregation is the 

visual inspection. 

 

     Figure 9 Segregation 

- The bleeding is characterized as a film of asphalt binder on the pavement surface.  

It usually creates a shiny, glass-like reflecting surface that can become sticky 

(Figure 10). When is wet it exhibits loss of skidding. Bleeding usually occurs 

when asphalt binder fills the aggregate voids during hot weather and then expands 

onto the pavement surface. In time, it will accumulate on the pavement surface. It 

is due to excessive asphalt binder in the mix and to low air void content so there is 

no room for the mix to expand during warm weather. It prevents a smooth joint 

transition and may lead to further distresses. 
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     Figure 10 Bleeding 

 

- Polished aggregates (Figure 11) are portions of aggregates extending above the 

asphalt binder. Usually the areas are very small or there are no rough or angular 

aggregate particles. It decreases the skid resistance and it is due to repeated traffic 

loading. The process is faster if the aggregates are susceptible to abrasion or 

subjected to excessive studded tire wear. All by itself, it will not cause failure of 

APJ but it might lead to more severe distresses. 
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    Figure 11 Polished aggregates 

 

- Spalling as can be seen in Figure 12, occurs when portions of APJ material are 

displaced from one or both sides of the joint. It might be caused by a combination 

of the previous material distresses.  

If the APJ becomes separated from the blockout the condition is called 

delamination. This might be due to the sliding motions of the plate. Aside from 

material spalling, cracks can propagate to the joint interface. 

- Pot holes (Figure 13) are due to fatigue cracking, localized disintegration or 

freeze-thaw cycles. This bowl shaped hole in the pavement surface can have 

various sizes and if it is in the proximity of the joint it leads to plate exposure and 

water infiltration causing joint failure. 
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Figure 12 Spalling 

 

Figure 13 Pot hole 
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- Plate exposure / rusting (Figure 14) is associated with joint debonding and 

presence of pot holes in the joint area. In contact with water and environmental 

conditions the plate starts to corrode and leads to joint failure. 

 

Figure 14 Plate exposure / rusting 

 

2.7 Failure Associated with Installation 

A bad installation practice was proved in many cases to lead to APJ failures. Normally 

the contractor should follow the manufacturers guidelines of the manufacturer himself 

must install the joints. This is not always the case. Sometimes, due to various reasons, 

mostly economical, a third party is installing the APJ which may or may not have the 

qualification to do this or lacks the training from the manufacturer.  

In addition, different reasons can lead to a bad installation, such as unclear documents 

wording or material inconsistencies that will compromise the APJ performance. 
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Literature is mentioning that the APJ overall performance can be improved with a 

complete and thorough installation done by professional teams and with considerable 

care to the written documents (Mogawer et al., 2004).  General guidelines are provided to 

address the issues of correct installation. Most of them are common sense and are the 

same for all the manufacturers. 

In Europe ASTRA guidelines specify that the correct installation record is an imperative 

condition for the final acceptance of the work. The installation record has to be made 

public after each installation stage and delivered to the site manager (Partl et al, 2006). 

To mitigate problems that might appear during the installation process several guidelines 

have been suggested to address this issue. These are as follows: 

- A technically competent manufacturer’s representative should be present on site 

during installation 

- Only certified people should install the joint.  

- Manufacturer must provide evidence of 5,000 linear feet of APJ with at least two 

years of satisfactory performance in conditions similar to the proposed site 

conditions 

- The joint installation should not be made on inclement weather. The temperatures 

should be between 5ºC (41ºF) and 35ºC (95ºF). 

All the manufacturers are following more or less the same procedural steps when 

installing the joints. The removal of existing joint is done by dry saw cutting to an 

enough depth as to safely remove the existing pavement by using jackhammer and hand 

tools. Usually the depth of the cut can be established by drilling a pilot hole with a drill to 

establish existing pavement depths. Care must be taken as to not cut too deep into the 
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existing concrete deck. The empty gap created for the future joint should be cleaned and 

dried with hot compressed air. The surface must be clean of any debris, tanked and 

flooded with the APJ binder material. The new backer rod is installed and the gap plate 

shall span the expansion gap and should be fitted in such a manner that the plate will be 

on a sound concrete support and nailed into place with locating pins. Another tanking of 

the whole area must be done, including the vertical walls (Bramel et al, 1999).  

In the literature, different mixing procedures of aggregates and binder are found. Three 

are mentioned with the observation that the first of the methods is the most practical and 

widely used.  

- Hot non-coated aggregate is placed into the joint and APJ binder is immediately 

added. 

- Hot aggregate is pre-coated with APJ binder in a mixer and then spread into joint 

and then APJ binder is added. 

- Hot non-coated aggregates are dumped into the joint and mixed in-place with APJ 

binder.  

Although the second method endures the completely aggregate coating with binder, the 

material cannot be easily spreaded and compacted. The third method is the less practical, 

causing the contractor to work in small batches to keep the temperature constant. Because 

is hard to keep uniformity it might result in cavities and over time in blistering. The 

thermometers used to measure the aggregate and binder reading must be previously 

calibrated.  

The ASTRA guidelines suggest that a typical installation procedure consists of pouring 

the binder in layers of 3 to 4 cm at a temperature of 180 °C with an equal layer of hot 
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stones added immediately. After the layer is cooled to about 80°C another layer will be 

added until a height of 16 cm is reached (Partl et al, 2006). 

The compaction can be done with a 2-ton roller or with a vibratory plate compactor. The 

heated mix is placed in three lifts that each sandwich a filler coat of binder. The final coat 

is a coat of dry aggregate to help reduce binder track out and acts as an adhesive for the 

fine aggregate thus sealing the joint. 

One important issue is the quality control during the installation process. Researchers 

from Swiss Federal Laboratories for Materials Testing and Research (EMPA) suggested 

that with the installation process a certain procedure must be followed. Thus, the installer 

must provide a form after the installation is complete with information pertaining to: 

bridge reference number and location, joint size and location on the deck, date of 

installation, and weather during installation, materials used, plate material and size, type 

of primer used, surface dressing, and use of debonding strip. 

In addition the manufacturer must provide information regarding to description or name 

of the joint system with all the technical data, horizontal and vertical movement 

range/capacity, aggregate and binder test reports, gap plate, caulking and flashing test 

reports.  

 

2.8 Failure Associated with Maintenance 

Many of the maintenance problems on bridges result from failed joints. Therefore, a 

proper maintenance done at the right time extends the service life of the bridge and 

reduces the total life-cycle costs.  
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Preventive maintenance involves using maintenance-friendly products and designs, 

which may initially cost more but in time are durable, accessible, repairable and 

replaceable. Preventive maintenance activities include washing decks, keeping drain 

open, removing debris and fixing small problems before they result in system failure. The 

most important thing is that they have to be performed at regular intervals. 

If the surfacing adjacent to a failed joint deteriorates, both the joint and the deteriorated 

surfacing should be replaced to improve ride quality and overall durability. The seal 

should be repaired if any part is leaking. Debris and gravel should be removed from the 

surface to prevent damage of the seal.  

The joint system should be bonded to sound concrete; the seal has to match the ambient 

temperature. The joint should be installed after placing the overlay and has to be 

protected against unusual movement. 

The splices in premolded expansion seals have to be avoided. The skewed joints are 

prone to snowplow damage therefore they have to be protected. A failed joint should be 

entirely replaced since completely sealing the interface between existing and new joints is 

very difficult. Areas in the approach slab and deck that exhibit excessive vehicle wear 

should be repaired immediately to reduce impact loads on the joint.  

Consideration should be given to the maintainability of the joints (particularly for 

movements over 4 in), availability and replaceability of parts, and provisions for access 

to reach the parts. During leaking, water can infiltrate through the joint and cause 

accelerated corrosion to integral parts of the structure and substructure, thus decreasing 

the bridges service life and increasing maintenance costs. 
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2.9 APJ Manufacturers 

All the manufacturers in US or Europe have their own installation guidelines, which more 

or less follow the same principles. Following are some of the manufactures that provide 

the industry and DOTs with materials and installation guidelines for bridge expansion 

joints. A list with technical information for each manufacturer can be found in the 

attached Appendixes A-1 through A-7. 

 

- LaFarge Road Marking – Thorma Joint / Prismo 

- Chem-Joint 70 

- Watson Bowman Acme Corp. – Wabo Expandex 

- Pavetech International Inc. – Matrix 502 

- A.H. Harris & Sons – Polyjoint 

- Wyoming Equipment Sales – A.P.J. 

- Permanite Asphalt – RAB Plug Joint 

 

ThormaJoint - is a combination of an elastomer modified binder (BJ200) and a 

carefully selected aggregate (BJ stone). The joint is constructed in-situ and is a hot 

process. All the specifications and technical data are available from the Manufacturer. 

The joint width can vary from 300-750 mm (12-30 in) with a maximum horizontal 

movement of ±5 - ±25 mm (0.2-1 in). 

Chem-Joint 70 - Chem-Crete High Performance APJ Type Bridge Joint System is a 

hot process in-situ constructed expansion joint system capable of accommodating 

movements up to 70 mm (2.8 in). Is a combination of a polymer modified binder and 
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selected aggregates. The binder is a compound blend of bitumens, polymers, fillers 

and stabilizers.  

Wabo®Expandex - is a flexible asphaltic plug joint system designed to accommodate 

minimum structure movement while providing a smooth transition between the 

approach pavement and the bridge deck. Wabo®Expandex is used typically at 

abutments or with asphalt overlays due to its unique asphalt compatibility. It is 

recommended for joint openings with movements up to +/- 0.75” at time of 

installation. 

Matrix 502 - is an asphaltic plug joint that has a very good wear life performance. It 

uses special materials and is employed at expansion joints with thermal movement of 

about 25 mm (1 in). 

Harris Polyjoint – is a polymer modified asphalt mixture. It is described as an 

elastomer strip overlay expansion joint. 

Asphalt Plug Joint System - is a thermoplastic modified asphalt with certain 

requirements provided by the manufacturer and a maximum horizontal movement of 

50 mm (2 in). 

RAB plug jointing material is a flexible hot mix bitumen rubber material used in the 

construction of APJ. The material is installed in accordance with the requirements for 

the installation of APJ.  
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CHAPTER 3 

NDOT INVENTORY OF ASPHALTIC PLUG JOINTS 

 

3.1 NDOT Districts – Use of APJ 

NDOT is organized in three districts for administrative purposes. District 1 includes 

southern Nevada with headquarters in Las Vegas and a major maintenance station in 

Tonopah. District 2 covers northwest Nevada with headquarters in Sparks, and District 3 

covers northeast Nevada with headquarters in Elko and major maintenance stations in 

Winnemucca and Ely. 

A number of bridges were rehabilitated in the past years (1998 – 2007) using APJ. Out of 

the total number of 70 of bridges with APJs, two were in District 1, one of which was 

pedestrian; 33 in District 2; and 35 in District 3. The joints were inspected in a two 

months span and a detailed technical data sheet was filled for each inspected bridge. A 

blank sample copy is given in Table 1. Technical files, technical drawings and 

information, photos of the joint distresses and field observations were documented into 

separate folders for each District. An indexing calculation was put together following the 

general rating guidelines employed by NDOT – Bridge Inspection Reporting System. The 

same procedure was applied to all analyzed bridge joints. An index of 1 was assigned to 

correspond to the worst existing condition regarding certain distresses and 10 to describe 

the best existing distress condition. To establish a correlation between the field 

observations and the joint condition index it was necessary to express the index numbers 

in percentage. It was assumed that all distresses (i.e., joint separation, potholes, spalling 

and exposure of plate) had the same numerical impact in the evaluation of the joint. Each 
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distress was evaluated from the worst to best condition on equal scales (1 to 10). The 

final result was obtained as an average of all joint indices. 

Table 1:  Technical Data Sheet 
District No. 
Bridge ID: 
- Type of Bridge 
- ADT: 
- Average Total Span: 
- Average Exterior Span: 
- Average Interior Span: 
- Movement allowed by NDOT = 1 in 
- Calculated Thermal Expansion for Exterior Span 
- Calculated Thermal Expansion for Interior Span 
ΔL = α ΔT L 
α =  in/in/0F 
ΔT = 0F 
- Boundary Condition  
- APJ located on the span with both ends free 
- APJ located on the span with one end free 
Original Contract No. 
Modified Contract No. 
Original Joint Type 
Rehabilitated Joint Type and Geometry 
Joint Orientation (angle) 
Rehabilitated Joint ID 
- Date, Time and Placement Temperature 
- Depth and Width of Joint 
- Type and Thickness of Plate 
- Material Information 
Types of Failure 
- Material 
- Geometry of the Joint (Design) 
- Material Distress 
- Installation 
- Maintenance 
Condition Index 
- At edge or interior 
1 worst - 10 best 
 
Joint Debonding (1-10) 
Pot Holes (no. and extend), spalling, rutting, shoving, breaking (1-10) 
Exposure of plate, rusting of plate and failure of plate (1-10) 
 
0-2 (<20%) => Critical, in need of immediate replacement 
2-4 (20%-40%) => Poor 
4-7 (40%-70%) => Fair, some failure but still serviceable  
>7 (>70%) => Good, intact  
For a more detailed conditioning index please refer to the NDOT general condition rating guidelines 
 
Note: 
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Due to different climatic conditions between the northern and southern Nevada, and 

different materials used in the construction of the bridge deck (concrete or steel), 

different ranges of temperature (ΔT) and specific material thermal expansion coefficient 

(α) were considered. Their values were as follows: 

- Northern Nevada  è  ΔT = 125oF for steel bridges 

 (Districts 2 and 3)    ΔT = 80oF for concrete bridges 

- Southern Nevada  è   ΔT = 80oF for steel bridges 

 (District 1-Clark County)   ΔT = 70oF for concrete bridges 

- α = 6 x 10-6 in/in/oF (for concrete) and α = 6.5 x 10-6 in/in/oF (for steel) 

During field observations the following type of distresses were noted: joint debonding, 

potholes (their number and extent), spalling, rutting, shoving, breaking, and exposure and 

condition of plate. Samples of APJs in “good”, “fair” and “poor” conditions are presented 

in the sections to follow.  

Table 2:  District 1 - Centralized Data 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

1 B-781 24 2 8  1/8 

Steel, hot 
dipped 

galvanized 0.46 0.45 10.00 N/A 

2 P-1450 10 2 8  1/8 

Steel, hot 
dipped 

galvanized 0.83 N/A 6.67 Breaking 

 
Table 3:  District 2 - Centralized Data 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

1 I-699 22 3.4 N/A N/A N/A 0.16 0.20 6.67 
Cracking, joint 

debonding 
                    Spalling, shoving 

2 I-852 20 2 N/A N/A N/A 0.13 0.19 4.00 
Joint debonding, pot 

holes 

                    
Plate exposure, 

breaking 
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Table 3:  District 2 - Centralized Data (continued) 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

3 I-816 36 3  1/2 8  1/8 

Steel, hot 
dipped 

galvanized 0.21 0.27 7.67 Breaking, spalling 

4 I-740 20 5  1/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.23 0.30 9.33 Spalling 

5 G-843 36 5 18   3/16 

Steel, hot 
dipped 

galvanized 0.34 0.35 4.67 
Joint debonding, pot 

holes 

                    
Plate exposure, 

tracking 

6 
H-
1162 20 2.5 N/A N/A N/A 0.24 0.39 10.00 N/A 

7 I-717 20 5 8  1/8 

Steel, hot 
dipped 

galvanized 0.32 0.33 10.00 N/A 

8 B-716 20 7 8  1/8 

Steel, hot 
dipped 

galvanized 0.74 0.76 6.00 Breaking, spalling 
                    Joint debonding 

9 G-772 23 2  1/2 8  1/8 

Steel, hot 
dipped 

galvanized 0.83 0.92 5.33 
Joint debonding, pot 

holes 

                    
Plate exposure, 

breaking 
10 G-765 24 2 N/A N/A N/A 0.60 0.62 9.00 Joint debonding 

11 B-764 24 2 N/A N/A N/A 0.66 0.70 9.00 Joint debonding 

12 I-773 23 2  1/2 8  1/8 

Steel, hot 
dipped 

galvanized 0.52 0.49 5.67 
Joint debonding, pot 

holes 

                    
Plate exposure, 

breaking 

13 I-1289 20 3 8  1/8 

Steel, hot 
dipped 

galvanized 0.81 N/A 9.00 Tracking, shoving 

14 I-1301 20 2  1/2 N/A N/A N/A 1.04 N/A 9.33 Breaking 

15 
H-
1090 20 2 N/A N/A N/A 0.12 0.17 5.67 

Joint debonding, pot 
holes 

                    Breaking, spalling 

16 I-1089 20 2 N/A N/A N/A 0.12 0.40 6.33 Breaking, spalling 
                    Joint debonding 

17 I-1000 20 2 N/A N/A N/A 0.23 0.45 7.00 Spalling, tracking 
                    Joint debonding 

18 I-1001 20 2 N/A N/A N/A 0.23 0.45 7.33 Spalling, shoving 

19 I-1087 20 2 N/A N/A N/A 0.21 0.44 4.00 
Joint debonding, pot 

holes 

                    
Plate exposure, 

spalling 

20 I-1088 20 2 N/A N/A N/A 0.23 0.45 6.00 
Joint debonding, 

spalling 
                    shoving 

21 I-1171 20 2 N/A N/A N/A 0.23 0.47 6.67 Pot holes, tracking 
                    Shoving, spalling 

22 I-1172 20 2 N/A N/A N/A 0.20 0.37 6.00 
Joint debonding, 

shoving 
                    Breaking, spalling 
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Table 3:  District 2 - Centralized Data (continued) 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

23 I-1173 20 2 N/A N/A N/A N/A N/A 5.67 Pot holes, spalling 

24 
B-
1234 20 2 N/A N/A N/A N/A N/A 5.00 

Breaking, pot holes, 
spalling 

25 I-1252 24 2 N/A N/A N/A 1.11 N/A 3.33 
Joint debonding, pot 

holes 

                    
Plate exposure, 

spalling 

26 I-1248 24 2 N/A N/A N/A 0.82 N/A 2.67 
Joint debonding, pot 

holes 

                    
Plate exposure, 

spalling 

27 
H-
1830 20 3 8  1/8 

Steel, hot 
dipped 

galvanized 0.58 N/A 6.67 
Tracking, shoving, 

spalling 

28 
H-
1799 20 3 8  1/8 

Steel, hot 
dipped 

galvanized 0.71 N/A 6.00 
Breaking, joint 

debonding 

29 I-1261 24 5 8  1/8 

Steel, hot 
dipped 

galvanized 0.67 N/A 8.33 Spalling 

30 
B-
1300 36 2.5 8  1/8 

Steel, hot 
dipped 

galvanized 0.43 0.43 9.67 N/A 

31 
H-
1130 24 3 8  1/8 

Steel, hot 
dipped 

galvanized N/A N/A 9.00 Tracking, spalling 

32 B-608 20 3.5 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.73 9.00 N/A 

33 
B-
1557 20 2 8  1/8 

Steel, hot 
dipped 

galvanized 0.31 0.41 4.00 
Joint debonding, pot 

holes 

                    Breaking, spalling 

 
 

Table 4:  District 3 - Centralized Data 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

1 H-869 20 2  1/2 8  1/4 

Steel, hot 
dipped 

galvanized 0.24 0.54 4.00 
Breaking, Spalling, 

Tracking 
                    Joint debonding 

2 I-871 20 2  1/2 8  1/4 

Steel, hot 
dipped 

galvanized 0.90 N/A 6.00 
Breaking, shoving, 

pot holes 

3 G-872 20 2 8  1/4 

Steel, hot 
dipped 

galvanized 0.42 0.70 3.67 
Breaking, joint 

debonding 
                    pot holes, spalling 

4 I-891 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.71 N/A 7.67 
Breaking, tracking, 

rutting 

5 I-892 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.63 N/A 7.00 
Tracking, shoving, 

rutting 
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Table 4:  District 3 - Centralized Data (continued) 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

6 B-894 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.48 N/A 8.00 
Joint debonding, 

tracking 

7 B-895 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.48 N/A 8.00 
Joint debonding, 

tracking 

8 I-896 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.79 N/A 8.33 Joint debonding 

9 
H-
1205 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.73 N/A 8.67 
Joint debonding, 

tracking 

10 I-879 24 4  1/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.83 N/A 7.67 
Breaking, joint 

debonding 
                    Tracking, shoving 

11 I-882 26 4  1/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.92 N/A 8.67 
Breaking, joint 

debonding 

12 I-889 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.21 0.35 8.33 Breaking 

13 I-890 25  1/2 2  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 8.33 
Tracking, shoving, 

spalling 

14 I-859 20 - 24 4  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.17 0.24 8.33 Tracking, spalling 

15 I-860 20 - 24 4  3/4 8  1/8 

Steel, hot 
dipped 

galvanized 0.17 0.24 9.33 Breaking 

16 I-915 20 
2 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.53 6.67 
Joint debonding, 

breaking 

17 I-827 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 7.33 Tracking, spalling 

18 I-831 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 7.67 Tracking, spalling,  

                    
Joint debonding, 

breaking 

19 I-907 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 8.33 
Joint debonding, 

spalling 

20 I-908 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.25 0.36 5.67 
Breaking, joint 

debonding 

21 H-909 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 8.67 Tracking, spalling 

22 B-911 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 7.00 
Joint debonding, pot 

holes,  
                    Tracking, shoving 

23 H-912 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 7.00 
Joint debonding, pot 

holes,  
                    Tracking, shoving 
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Table 4:  District 3 - Centralized Data (continued) 

No. Bridge 

APJ Plate 
Thermal 

expansion (av.) 

Condition 
index 

Typical 
failure 

Width 
(in) 

Depth 
(in) 

Width 
(in) 

Thickness 
(in) Type 

Ext. 
span 
(in) 

Int. 
span 
(in) 

24 H-914 24 
3 1/4 - 

4 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 7.33 
Joint debonding, pot 

holes,  
                    Tracking, shoving 

25 I-832 24.4 4.2 8  1/8 

Steel, hot 
dipped 

galvanized 0.16 0.20 8.67 Traking, spalling 

26 I-835 24.4 4.2 8  1/8 

Steel, hot 
dipped 

galvanized 0.20  1/4 8.33 
Joint debonding, 

spalling 

27 I-836 24.4 4.2 8  1/8 

Steel, hot 
dipped 

galvanized 0.17  1/5 7.67 
Joint debonding, 

tracking 
                    spalling 

28 
H-
1256 20.4 2 8  1/8 

Steel, hot 
dipped 

galvanized 0.36 0.47 7.67 
Breaking, joint 

debonding 
                    spalling 

29 I-900 24 5 8  1/8 

Steel, hot 
dipped 

galvanized  7/9 N/A 8.67 Rutting, tracking 

30 I-901 20.4 3 8  1/8 

Steel, hot 
dipped 

galvanized 0.85 N/A 8.33 Joint debonding 

31 H-903 24 5 8  1/8 

Steel, hot 
dipped 

galvanized 0.72 N/A 8.00 
Spalling, tracking, 

rutting 

32 H-905 24 5 8  1/8 

Steel, hot 
dipped 

galvanized 0.76 N/A 7.33 
Joint debonding, 

tracking 
                    pot holes, rutting 

33 I-906 24 5 8  1/8 

Steel, hot 
dipped 

galvanized 0.76 N/A 7.67 
Spalling, tracking, 

rutting 

34 H-918 20.4 2 8  1/8 

Steel, hot 
dipped 

galvanized 0.19 0.35 8.00 Spalling, tracking 

35 
H-
1485 24 5 8  1/8 

Steel, hot 
dipped 

galvanized 0.73 N/A 8.00 
Tracking, joint 

debonding 

 

 

3.2 Discussion of Findings 

A summary of the findings is shown in Table 5. Most of the distressed joints had the 

typical APJ distresses, i.e., debonding, spalling, potholes, rutting. A good number of 

asphaltic plug joints were found in good condition, whereas the remainders were in need 
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of repair or in need of major rehabilitation/replacement. As it can be seen from Tables 2 

through 5, the following observations can be made: 

- District 1: 1 bridge was in good condition and 1 (the pedestrian) was in fair, 

but serviceable condition. 

- District 2: 14 bridges were in good condition (42%), 17 were in fair condition 

(52%) and 2 were in poor condition with severe distresses (6%). 

- District 3: 31 bridges were in good condition (88%), 3 were in fair condition 

(9%) and 1 was in poor condition (3%).  

Most of the failures appeared to be caused by material distresses, poor installation, and 

inadequate maintenance. The design factor seemed to be the least leading cause of APJ 

failure for the NDOT bridges. It should be noted that the District 2, as compared with the 

District 3, had more unfavorable ratings. Additionally, the APJs of the District 2 were 

younger in age than those belonging to the District 3. The difference in the ratings of the 

two districts can be attributed to a number of factors including but not limited to; material 

failure, installations, skew angle and joint movement. 

Table 5 also documents the condition index, distribution of different distresses, and ADT 

values for bridges of the three NDOT districts. It can be observed that the main distress 

for the Districts 2 and 3 was due to joint debonding followed by pothole, tracking, 

spalling, cracking, plate exposure, and shoving. Only two bridges were evaluated for 

District 1, out of which one was pedestrian. It should be also noted that the climate 

condition and average temperature differ considerably for the District 1 in comparison 

with the Districts 2 and 3. No information regarding installation temperature was found. 
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An APJ database is a useful tool in monitoring behavior and performance of asphaltic 

plug joints and in assisting to identify appropriate methodologies for maintenance or 

rehabilitation / replacement.  

 

Table 5:  Condition Index and Distribution of Distresses per NDOT Districts 

 
 
 

Condition Index 

 District 
1 2 3 

No. of bridges / (%) 
Critical  0 0 0 

Poor  0 2 (6) 1 (3) 
Fair  1 (50) 17 (52) 3 (9) 

Good  1 (50) 14 (42) 31 (88) 
 
 
 

Type of Distress 
(%) 

Joint debonding 55 33 26 
Pot holes 0 12 18 
Spalling 10 10 15 
Shoving 0 8 9 

Breaking/cracking 5 7 10 
Tracking 30 23 12 

Plate exposure 0 7 10 
 

ADT 
Mean 35350 (one 

pedestrian 
bridge) 

44813 8070 
(assumed for 
all bridges) 

Standard deviation 46979 
Max 150000 
Min 220 

 

 

3.3 Samples of “good”, “fair” and “poor” APJ conditions  

Figures 15 through 18 depict different bridges with APJs in “good” conditions. 
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Figure 15 Bridge B-764 Eastbound Joint 2 

 

Figure 16 Bridge B-764 Westbound Joint 6 
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Figure 17 Bridge G-765 Eastbound Joint 6 

 

 

Figure 18 Bridge H-918 East End 
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Figures 19 and 20 depict different bridges with APJ in “fair” conditions. 

 

Figure 19 Bridge I-892, Right (shoving, tracking) 

 

Figure 20 Bridge I-871 W East Abutment 2 (shoving) 
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Figures 21 through 24 depict different bridges with APJ in “poor” conditions. 

 

Figure 21 Bridge G-872 East Abutment (cracking, joint debonding)  

 

Figure 22 Bridge G-872 West Abutment (potholes, cracking) 
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Figure 23 Bridge H-869E Pier 7 (breaking, joint debonding) 

 

Figure 24 Bridge H-869W Pier 7 (joint debonding, pot holes, spalling) 
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CHAPTER 4 

NATIONAL SURVEY 

 

4.1 States Survey 

In the previous chapter, a detailed description of the NDOT APJ bridges was presented. 

The objective of this chapter is to present the results of a national survey sent to the US 

Departments of Transportation (DOTs) about their experiences and recommendations 

regarding the use of asphaltic plug joints.  

The main purpose of the survey was to gather information from all the DOTs regarding 

the use of APJ for new or rehabilitated bridges. Some of the questions required a simple 

response, whereas other questions required detailed data including a list of the 

manufacturers used. A copy of the questionnaire is presented below. 

 

Asphaltic Plug Joint Survey 

1. Does your state typically use Asphaltic Plug Joints (APJ’s)? If no, why not? 

1. If yes, what is the typical depth and width of the APJ? Are you following any 

standards, guidelines, or are you using manufactures specifications, or have you 

developed your own state specifications? 

2. If yes, what is the type of plate used (galvanized, stainless steel, other) and what 

are the typical dimensions of the plate (min. depth and max. width)? 

3. What other materials are you using for APJ (type of binder, backer rod type, etc)? 

4. What is the maximum joint movement that is allowed by your agency?  
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5. Did you observed any relationship (influence/interaction) between APJ, plate, 

binder and distresses developed in pavement? 

6. Did you observed any correlation between a bad installation and using non 

conforming materials? 

7. What is the installation procedure used? Do you follow any standards/guidelines 

or, are you using manufactures specifications or have you developed your own 

state specifications? 

8. Are you using an approved product list for APJ? If yes, please specify. 

9. How often you maintain the APJ? Do you follow any specific 

standards/guidelines?  

10. Are you using APJ for rehabilitation of existing bridges, new bridges or both?  In 

bituminous overlays only or in concrete decks also? 

11. How does the season variation affect the APJ? List all the factors that contribute 

to a deteriorate APJ.  (skew angle, braking or turning movements, tire chains or 

studded tires) 

12. What are the typical problems that you ran into by using APJ? 

13. What is your experience using APJ (how long have you used APJ)? 

14. If you have used APJ for a number of years for various projects did you 

developed a data base? 

15. If APJ failed what factors can you attributed to that? (failure due to design, 

installation, maintenance, material distress, etc). Please elaborate. 

16. If you have any other observations and/or recommendations regarding the use of 

APJ please specify. 
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Nineteen US DOTs (38%) responded. Out of these responses, the following findings can 

be summarized: 

- 26% of the respondents stated that the APJ had a good behavior. They use both 

state and manufacturer specifications. 

- 32% of the respondents reported that their experiences with APJ was not positive; 

i.e., APJ did not perform well. Some state DOTs even stopped using the APJ.  

- 42% of the respondents stated that they do not use APJ.  

The survey responses are tabulated in Tables 6 and 7 together with the technical data, 

manufacturer, APJ width/depth, type of plate, type of backer rod, and typical problems 

encountered. 

 

Table 6:  Response to the National Questionnaire Survey 

  
States that 
responded 

How many 
use APJ What is the response of those who use APJ 

1 Alaska Yes 
Not typically - Only two installations that didn't perform well. They stopped 
using APJ. 

2 Arkansas No   
3 Arizona No   
4 California Yes Good behavior. Use state and manufacturer specs. 
5 Colorado Yes Good behavior. Use state and manufacturer specs. 
6 Florida Yes Not typically - Use manufacturer specs. Some of the APJ didn't perform well 
7 Idaho Yes Good behavior. Use manufacturer specs. 

8 Illinois 
Declined to 

respond   
9 Maryland No   

10 Michigan Yes 
Not typically - Trial installations that didn't perform well. They stopped using 
APJ. 

11 Minnesota Yes Occasionally used only for rehabilitation 
12 Missouri No   

13 New Mexico Yes 
Not typically used due to poor performance. Start using Deery Flexable 
System following its Specs and it's working well until now. 

14 Oregon Yes Good behavior if install properly 

15 
South 
Carolina Yes Good behavior. Use state and manufacturer specs. Use only for rehabilitation. 

16 Tennessee No   
17 Utah No   
18 Washington Yes Not typically used due to poor performance. They stopped using APJ. 
19 West Virginia No   
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Table 7:  Response to the National Questionnaire Survey (continued) 

  States APJ 
Max. 
APJ  Backer Plate Manufacturer 

Typical problems 
encountered 

    Width Depth movem. Rod Width Thickness Type     

1 Alaska N/A N/A N/A N/A N/A 

Movements > 2-
in, Freeze/thaw 
cycles, 
Unfamiliarity 
with repair  

                    

methods, 
installed on 
vertical crest 
curves, failure of 
base asphalt 
material 

2 California 
12"-
16" 2"-4" 2" 

closed 
cell 8" 1/4" Steel  N/A 

Heaving of 
material in the 
shoulder where 
traffic does not 
compact it. 

          foam     A36/A36M   

Cracking of 
material if placed 
less than 2” 
thick. 

3 Colorado 20" 3" 1/2" N/A 5"-15" 1/4" - 5/8" Steel  Varies 

De-bonding at 
the edges, Cracks 
within the APJ, 
Delamination, 

                A36   

Bonding failure, 
poor installation, 
excessive 
horizontal 
movements 

4 Florida N/A N/A N/A N/A Koch Joint1 Heat / sunshine 
                      

5 Idaho 20" 2" 1" - 2" 
closed 

cell 8" 1/4" Steel 
Matrix 5022, 

Wabo3 N/A 

          foam     Alumin 
BJS4, Deery 

Flex.5   

6 Michigan N/A N/A N/A N/A Pavetech6 

Surface wear, 
Rutting, Material 
separation, poor 
design 

                  ThormaJoint7   

7 Minnesota 20" 2" 1" 
closed 

cell 8" 1/4" mild N/A 

Delamination, 
cracking, rutting, 
sharp skewes 

          foam     steel     

8 
New 
Mexico N/A 1  1/2" 

closed 
cell N/A Galv 

Deery 
Flexable5 

None with Deery 
Flexable, 
previous 
problems due to 
design, 
maintenance, 

          foam     steel   

material distress, 
freeze-thaw 
cycles 

9 Oregon N/A 2" 1  3/4" 
closed 

cell 8" 1/4" Galv N/A 

Incorrect mix 
design, improper 
binder use, 
workmanship 

          foam     Steel   

Specify APJ 
incorrectly, skew 
angles, studded 
tires, breaking, 
chains 
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Table 7:  Response to the National Questionnaire Survey (continued) 

  States APJ 
Max. 
APJ  Backer Plate Manufacturer 

Typical problems 
encountered 

    Width Depth movem. Rod Width Thickness Type     

10 South N/A 2" 
closed 

cell N/A Steel 
Matrix 5022, 

Wabo3 N/A 
  Carolina       foam     A36 ThormaJoint7   

11 Washington 9" 2" 1" N/A 8" 1/4" Galv N/A 

Hot weather, 
traffic impact, 
displaced 
material in wheel 
path 

                Steel   
Non conforming 
materials 

Note:          
1 Manufacturer: Koch Materials Company; Product: Koch Bridge Joint System  
2 Manufacturer: The DS Brown Company; Product: Matrix 502TM Asphaltic Expansion Joint System 
3 Manufacturer: Watson Bowman ACME Corporation; Product: WABO Expandex Joint System 
4 Manufacturer: Nortwest Joints Inc; Product: BJS (Bridge Joint System) by Linear Dynamics Inc. 
5 Manufacturer: Deery American Corp.; Product: Deery Flexable Joint System  
6 Manufacturer: Pavetech International; Product: Pavetech Joint Systems  
7 Manufacturer: Linear Dynamics; Product: Thorma Joint System    
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CHAPTER 5 

Summary, Conclusions, and Recommendations 

 

Asphalt Plug Joint (APJ), which serves as an expansion joint, is a flexible asphalt 

segment that spans between the bridge deck and abutment. As an expansion joint, it is 

required to allow bridge movement caused by expansion and contraction, to provide a 

smooth transition between the approach pavement and the bridge deck, to remain 

watertight and durable, and to keep debris entering the gap between the bridge deck and 

the abutment. This type of expansion joint is a load bearing surface that is made with a 

combination of polymer modified asphaltic binder and properly graded aggregates. There 

are multiple advantages in using asphaltic plug joints. APJ construction is quick and 

simple to install in stages, easily repaired and maintained, and relatively inexpensive. It 

possesses waterproof properties and heals under traffic load and warm temperature. 

Asphaltic plug joint is not as prone to snow plow damage and it can be cold milled when 

the road is resurfaced. Noise reduction can also be attributed to asphaltic plug joints. 

However, the use of APJ, as an expansion joint, has some disadvantages as well. 

Notably,  among them are: soft and pliable in hot temperatures promoting shoving and 

tracking, brittle/stiff in cold temperatures, very little accommodation for differential 

vertical placements, rutting with heavy volume traffic and heaving in low volume traffic, 

and vulnerability to material distresses, such as delamination, spalling, raveling, 

debonding, aggregate polishing, and segregation and bleeding. 

While APJ is recognized as an effective expansion joint, it is not maintenance free 

and, thus, periodic replacement is required. Past experience has shown that asphaltic plug 
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joints can be low maintenance for about five years with an expected life of 8 to 10 years 

if properly designed and installed. 

The available inventory of the three NDOT districts revealed that 66% of the 

asphaltic plug joints were in good conditions, whereas 39 and 5% were in fair and poor 

conditions, respectively. Most of the joint failures were caused by combination of 

material distresses, poor installation, and inadequate maintenance.  

The results of the US DOT questionnaire were quite revealing. Forty two percent 

(42%) of the respondents indicated that they do not use asphaltic plug joints. Thirty two 

percent (32%) of the respondents reported that their experiences with the use of APJ were 

not satisfactory and this type of expansion joint did not perform within their expectations. 

The reminder 26% of the respondents stated that their APJs performed well using both 

state and manufacturer’s specifications. 

 The response received from each participating DOT showed multiple distresses 

within the APJ conditions. Seventy three (73%) of the joint distresses was due to material 

failures, 55% of joint failure was attributed to improper design, 45% of the joint 

distresses had to do with poor installation, and 36% of the joint failures stemmed from 

inadequate maintenance.  

Based on the available information in the literature and responses to the survey 

regarding design, construction and maintenance of asphaltic plug joints, the following 

guidelines are offered. It should be noted that verification of quantifiable design 

parameters and material specifications through experimental research programs is the 

natural extension of these recommendations. 
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1 In general, selection of the joint type is based on bridge movement, ADT, and 

joint location. Asphaltic plug joints are not recommended for airport and 

pedestrian bridges, and for bridges with slow moving or stationary traffic. It 

should not be installed where there is turning or breaking movements or in the 

areas with high thermal shocks. APJs should be used where traffic is straight 

or when skew angle is less than 30o. 

2 Joint movement should be limited to 3/4 inch or less. 

3 Vertical movement should be limited to 1/4 inch or less. 

4 Joint gap should be limited to 2 inches. 

5 Joint width should be minimum of 16 inches and maximum of 24 inches. 

6 While joint depth is a function of overlay depth, it should not be less than 3 

inches on average with no location with less than 2 inches. 

7 Plate should be stainless steel with a minimum thickness of 3/16 inch. 

8 Plate width should be at least 3 ± 0.5 inches plus joint gap. Use of 8 inches 

plate is common. 

9 Backer rod should be heat treated or highly resistant to heat for asphaltic 

materials. 

10 Spikes, a device used to keep the center of plate in line with the center of 

joint, should be placed 1 to 1.5 feet apart. 

11 Construction should be made during nominal temperatures.  

12 Quality aggregates and binder should be used. Specifications regarding 

aggregate type and gradation, asphalt type, binder to aggregate ratio, mixing 

time, deck condition at the time of placement, placing and deck temperature, 
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compaction effort (type and weight of steel roller, and number of passes), and 

cooling period should be established. 

13 Performance-based contract should be considered by NDOT (i.e. contractor 

should guarantee a minimum of 8-10 years of service life before replacement 

or major rehabilitation). 

14 A manufacturer’s representative should be present at the site during 

construction and maintenance. 

15 Contractor should be paid by cubic feet as opposed to linear feet. 

16 A specification regarding removal of asphaltic plug joint should be developed 

(i.e., angle of hammer and hammer tip force). 

17 Contractors and inspectors should be made fully aware of NDOT materials, 

design, installation and removal of asphaltic plug joint. 

 

Future studies should aim at developing in-house specifications that include design, 

materials selection, mixing, placing, compacting, finishing and removal. A guideline 

regarding repair of asphaltic plug joint should also be developed. Design parameters and 

material specifications should be verified through experimental programs. 
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