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1.0 INTRODUCTION

Asphaltic expansion joints, more commonly referred to as Asphaltic Plug Joints (APJs), have
been used in New England since the early 1990°s. These joints have many benefits including
relatively low cost and less disruption to traffic during installation as compared with other joint
types. Conversely APJs do have some decided disadvantages as well including sensitivity to
temperature, bridge movement, and heavy traffic loading.

Many of these APJs used in New England are now failing or reaching the end of their
projected service life. The performance of these joints has varied substantially, resulting in some
New England states adopting them for continued use while others are limiting their use
completely.

The research presented here will evaluate the APJs performance in relation to the
conditions present in New England. More specifically this project will explore the following
objectives:

e |dentify the reasons for joint failure
Identify useful life span
Identify flaws in installation and maintenance
Identify and evaluate the key material properties
Estimate overall costs for installation and maintenance
Evaluate curb and sidewalk treatments
Conduct survey of other state DOT’s regarding APJs
Perform field inspections on existing APJs in service

The end result of these objectives will be culminated to develop draft specifications for APJ use
in New England.

1.0.1 APJ System Overview
A typical APJ system is composed of several components. A typical cross section of an APJ
system is shown in Figure 1 below:

LEPHATTIC PLUG JOINT IIX
GAF PLATE
LEPHAIT WEARING COURSE

COWCEETE DECE OF. AFPROACH SLAR
EXPANSION GAP

Figure 1: Typical APJ Cross Section



Each component performs a critical function for the overall performance of the joint. The backer
rod serves as a dam to prevent liquid binder from flowing into the expansion gap during the
tanking process (described later), and is held in place with locating pins that extend through the
gap plate. The gap plate prevents the APJ mixture from being “pushed” or compacted into the
expansion gap during when loads pass over the joint. Finally the APJ mixture itself is the most
integral part of the system. It compensates for the contraction and extension of the bridge during
temperature changes. Unlike normal Hot-Mix Asphalt (HMA) which is used for the wearing
course (pavement overlay), the APJ mix is composed of a special blend of aggregates combined
with a polymer modified binder that enable the material to be more resilient during temperature
changes.

2.0 LITERATURE REVIEW

Limited research has been conducted in the United States regarding APJs. A survey conducted
by Umass Dartmouth as part of this study showed that 67% of the state DOT officials surveyed
do not currently use APJs and 33% do not plan on using APJs in the foreseeable future.
Coincidentally, a comprehensive literature review conducted by Umass Dartmouth determined
that the majority of APJ research is currently being conducted in Europe. More specifically the
Swiss Federal Roads Office (ASTRA) and German Road Authorities have undertaken extensive
studies into APJ material testing and behavior. The UK Bridge Association has developed a set
of APJ specifications that deal with QC/QA practices. These sources combined with other
conventional sources were used to compile the current state of practice for the APJ.

2.1 Failure Modes — Material Distress

APJs have many advantages over other joint systems, such as relatively easy installations, easy
to repair, and relatively inexpensive (1). However, the APJs unique composition also has some
decided disadvantages, most notably the fact that the material behaves very differently as a
function of temperature. Most authors noted that the APJ mixture acts “stiff” or “brittle” at
colder temperatures and is “soft” or “pliable” at warm temperatures (2,1). This material
phenomenon makes the joint more sensitive to distress and more likely to fail.

APJs are subject to many internal and external phenomena that can cumulatively lead to
the failure of the joint. Failure is reached 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 superstructure. This process is commonly referred to as “leaking” or “leakage”.
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. The entry points for water infiltration into and through the APJ vary.

Defining the causes and modes of water entry into the APJ are integral in defining the
required material properties and improvements to the APJ system as a whole. No one distress
has been defined as the identifiable cause for joint failure, rather it appears that many different
distress working in combination or a severe occurrence of one particular distress leads to failure.

2.1.1 Debonding
Debonding, also commonly referred to as separation, is a material adhesion failure between the
APJ and adjacent pavement interface as shown in Figure 2.



A SPHALTIC PLTUG TOIMT MEL
LEEOHDED AFES
LEPHALT WEARTH & COTURSE

Figure 2: Typical Debonding of APJ

Many theories exist as to the causes of debonding. The work of Partl et al. suggests debonding is
caused by water intrusion. Specifically if the pavement directly adjacent to the APJ has a high
void content, 6% or higher, it was theorized that water will build up at the APJ/pavement
interface because the APJ mixture is impervious. This collection of water would then sit at this
interface and, unless it drains out, will freeze in the winter and expand the material at the
interface thus causing debonding. The authors suggested that the tanking procedure completed
on the vertical faces of the pavements abutting the APJ is not enough to prevent debonding and
water intrusion. It was suggested that adding dense pavement adjacent to the APJ on each side
as a better means of mitigating the debonding effects (3).

Another theorized cause of debonding was linked to the use of primers on the vertical
wearing course pavement faces. The solvents in the primer may not fully evaporate or be
absorbed by the wearing course, thus leading to weakened adhesion strengths at the APJ to
wearing course interface (3).

There are currently no means to quantify the degree and amount of this material distress,
however there has been some experimental tests aimed to better specify APJ in regards to
debonding susceptibility. Ina 1999 report, The University of Wyoming conducted normal bond
(load applied perpendicular to bond plane) test using a modification of ASTM D897 (1). The
results of these test showed that the normal bond strength was dependent on temperature. More
recently in 2002, work was conducted by Partl et. al. for the EMPA (Swiss Federal Laboratories
for Materials Testing and Research) that involved coring the APJ/Pavement interface. The
specimens were placed in a special device that pulled each side of the core independently at a
rate of 200mm/min (0.3 ft/min), thus testing the adhesion strength between the interfaced
materials. From these tests the EMPA recommended that a minimum pull of strength of 1.5
N/mm? (218 psi) between the APJ and wearing course should be required (3).

2.1.2 Cracking (Splitting in Tension)

Full depth longitudinal and transverse cracks within the APJ create direct paths for water to enter
into the joint and cause leakage. The researched conducted by University of Wyoming suggests
that cracking is caused by the material reaching excessive strains and or stress induced by joint
motion, material fatigue, and thermal stresses exceeding the materials capabilities at low
temperatures (1).

From lab test conducted on APJ material at the University of Wyoming it was determined
that the material is very stiff at low temperatures thus leading to cold temperature cracking. Also
test were conducted to establish the glass transition temperature of the APJ material. At this
temperature the material becomes brittle with little plastic deformation. Below this temperature,
thermal induced stresses alone may be enough to cause cracking (1). These phenomena are very



important to quantify and understand in the New England states due to length and severity of the
winter seasons.

No means exist currently to quantify the extent and severity of cracking within an APJ.
However, the FHWA Distress Identification manual does have a means to qualify and quantify
cracking distresses in normal pavements. Definition of the severity of the crack is based on the
mean width of the crack from which it can be classified as Low, Moderate, or High (4).

2.1.3 Reflective Cracking
Reflective cracking occurs within an APJ differently than initially expected. Since the gap plate
covers the expansion gap, the reflective cracking does not occur over this gap rather the crack
develops at the edges of gap plate. It is theorized from finite element analysis (FEA) that these
edges of the gap plate are an area of localized stress (5). This stress is relieved through the
formation of a reflective crack. Also if the gap plate does not lie perfectly flat the plate will
“rock” back and forth perhaps also inducing reflective cracking at the edges of the plates.

No means exist currently to quantify the extent and severity of reflective cracking within
an APJ. The FHWA Distress Identification manual does offer the same means of quantifying and
qualifying the severity of reflective cracking as previously noted for general cracking.

2.1.4 Rutting

Rutting is a surface deformation defined as “...a longitudinal surface depression in the
wheelpath. It may have associated transverse displacement” (4). In an APJ rutting occurs during
periods of warm weather, mainly during the summer. Because the APJ material is soft and
pliable at warmer temperatures it is capable of expanding as the bridge thermally expands,
however it also makes it highly susceptible to rutting in the wheelpaths (1). This distress may
not directly lead to leakage, but does not allow the APJ to provide a smooth transition between
pavement overlays and may propagate more severe distresses, like spalling, that can result in
joint failure.

No means exist currently to quantify the extent and severity of rutting within an APJ.
The FHWA Distress Identification manual does outline a procedure to quantify rutting by
measuring the rut depth at selected intervals. No specific means of categorizing the severity of
the distress exists in this manual (4).

Research has been conducted regarding the rutting potential of APJ. In the 1999 report of
the University of Wyoming, APJ material was tested utilizing an Accelerated Pavement Tester
(APT) known as the Georgia Wheel Loader. Tests were conducted at 46°C (110°F) for 8,000
cycles with a maximum allowable rut depth of 7mm (0.3 in). Each sample failed prior to
reaching 8,000 cycles with all meeting the maximum rut depth by 4,000 cycles (1).

In the 2002 report, the EMPA conducted rutting tests using a different APT known as the
Model Mobile Load Simulator (MMLS). The tests were conducted at a temperature of 35°C
(63°F), speed of 0.8 m/s (1.8 mph), load of 2.1 kN (0.5 kips), and a tire pressure of 600 kPa (87
psi). All the samples failed prior to the end of the test; with each reaching the 10mm (0.4 inches)
maximum allowable rut depth by 56,400 passes (3).

2.1.5 Raveling

Raveling was noted during the APJ field inspections, further explained in Section 4.0, conducted
by Umass Dartmouth as part of this research. There were no sources that had mentioned this
type of distress, most likely because it may not directly cause joint leakage. However over time



it may prevent the joint from providing a smooth transition over the joint, lead to more severe
distresses like spalling, and may create an area for cracks to form. This could be a cold or warm
weather phenomena.

Raveling is a surface defect defined as “...Wearing away of the pavement surface caused
by the dislodging of aggregate particles and loss of asphalt binder. Raveling ranges from loss of
fines to loss of some coarse aggregate and ultimately to a very rough and pitted surface with
obvious loss of aggregate” (4).

Like the majority of other distresses there are no means to quantify the severity and
distress within an APJ. The FHWA Distress Identification manual also does not offer much
information, but it does note, “The presence of raveling indicates potential mixture related
performance problems” (4).

2.1.6 Shoving/Pushing

Shoving is a surface deformation defined as “...a longitudinal displacement of a localized area of
the pavement surface. It is generally caused by braking or accelerating vehicles, and is usually
located on hills or curves, or at intersections. It may also have associated vertical displacement”

(4).

Again no literature had previously mentioned shoving/pushing as a failure mode for an
APJ. However, there were many instances of shoving/pushing in the field inspections conducted
for this research. 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. This is
predominately a warm weather phenomena.

The FHWA Distress Identification manual offers that the severity of this distress can be
defined by it’s effect of the ride quality of a pavement and can be quantified by measure the total
area in square meters that it effects (4). No specific information in regards to APJ was available.

2.1.7 Segregation

Segregation is a concentration of either coarse or fine materials in one particular area within a
paved mat. Asphalt mixes that have this distress do not conform to the gradation and binder
requirements required during final production (6). APJs suffer from random segregation induced
by poor mixing and installation procedures resulting in a non-uniform distribution of aggregate
and binder throughout the APJ. This non-uniform mix will not exhibit the same performance
characteristics of a uniformly distributed mix.

This non-uniformity can lead to areas of weakness in the APJ that can lead to any of a
number of more severe distresses including: debonding, rutting, and cracking. Each of these can
ultimately lead to leaking. Given the unique geometry and material composition of the APJ,
conventional methods of determining segregation with a density gauge will not work. Since the
APJ material is placed in a relatively thin lift, a visual inspection may be the best method of
determining segregation.

2.1.8 Bleeding (Track Out)

Bleeding is a surface defect defined as “...Excess bituminous binder occurring on the pavement
surface, usually found in the wheel paths. May range from a surface discolored relative to the
remainder of the pavement, to a surface that is losing surface texture because of excess asphalt,
to a condition where the aggregate may be obscured by excess asphalt possibly with a shiny,



glass-like, reflective surface that may be tacky to the touch.” (4) The FHWA Distress
Identification manual also notes “The presence of bleeding indicates potential mixture related
performance problems” (4).

For the purposes of this quantification and definition for this research, and corresponding
field inspections, the bleeding distress was combined with another distress called track out.
Track out is loosely known in the industry as the displacement or dragging of the APJ mixture
from the joint by traffic. Since this distress has no formal definition, and occurrences of bleeding
were noted at most of the track out locations during field inspections, the two distresses were
combined together as bleeding.

This distress was noted during the Umass Dartmouth field inspections and at one joint in
particular was severe. In this case the binder materials was flowing from the joint being dragged
by passing traffic. Occurrences of this distress can once again will prevent a smooth joint
transition and may propagate further distresses. It is believed that this type of distress is a warm
weather phenomena.

Like the majority of other distresses there are no means to quantify the severity and
extent of bleeding or track out within an APJ.

2.1.9 Other
Other distresses noted during the Umass Dartmouth field inspections are described below:

Polished Stone — A surface defect defined as “Surface binder worn away to expose aggregate”
(4). Alone will not cause failure of APJ, rather is a material distress that may eventually lead to
more severe distresses.

Spalls — Displacement of large portions or chunks of APJ material from the joint. Likely caused
by a combination or severe occurrence of any of the previously noted distresses.

2.2 Joint Failure Modes — Other
In the last section, the causes of APJ failure due to material distress were explored. In this
section, other considerations that may lead to APJ failure will be presented including APJ
geometry, temperature, and installation procedures.

The UK Bridge Association lists the following items to be considered when choosing an
APJ for use on bridge (7):

e Traffic Flow e Maximum Gradient

e Speed Limit e Maximum Skew Angle

e HGV Count (Similar to AADT) e |Installation Depth

e Normal Incidence of Stationary e |Installation Width
Traffic e |Installation Length

e Working Temperature Range
e Radius of Any Bend

Any number of these factors can play a significant role in the performance and life of an APJ.



2.2.1 Movements and Temperature

The primary function of an APJ is to cover the expansion gap of a bridge and remain watertight.
Fulfilling this requirement is difficult when taking into account that a bridge will expand and
contract depending on the ambient temperature (i.e. bridge expands in the summer and contracts
in the winter). Hence the APJ material must be able to expand and contract with the bridge.

In the UK, a typical APJ is required to be functional within a temperature range of -25°C (-13°F)
to +45°C (+113°F) (3). In the United States, New England in particular, the seasonal
temperatures can vary greatly from north to south. The National Oceanic and Atmospheric
Administration (NOAA) keeps records of the temperature data for each state and region. In New
England, the average seasonal temperatures from 1971-2000 were as shown in Table 1 below

(8):

State Fall Season Winter Season | Spring Season Summer Season Average Annual
Connecticut 51.2°F (10.7°C) | 28.5°F (-1.9°C) | 47.3°F (8.5°C) | 69.2°F (20.7°C) 49.0°F (9.4°C)
Maine 44.2°F (6.8°C) 16.8°F (-8.4°C) | 39.1°F (3.9°C) | 63.7°F (17.6°C) 41.0°F (5.0°C)
Massachusetts 50.3°F (10.3°C) | 27.4°F (-2.6°C) | 45.7°F (7.6°C) | 68.0°F (20°C) 47.9°F (8.8°C)
New Hampshire | 46.3°F (7.9°C) | 21.1°F (-6.1°C) | 42.4°F (5.8°C) | 65.5°F (18.6°C) 43.8°F (6.6°C)
Rhode Island 53.1°F (11.7°C) | 31.4°F (-0.3°C) | 47.0 °F (8.3°C) | 68.8°F (20.4°C) 50.1°F (10.1°C)
Vermont 45.7°F (7.6°C) 19.4°F (-7.0°C) | 41.5°F (5.3°C) | 65.1°F (18.4°C) 42.9°F (6.1°C)

Table 1: Average Seasonal Temperatures from 1971-2000 for the New England States

Although pertinent, the seasonal temperatures only represent a statistical average of the
temperature range. The temperature extremes at the bridge joint location are also crucial in
understanding the anticipated bridge movement. As part of the Long-Term Pavement
Performance (LTPP) project sponsored by the Federal Highway Administration (FHWA),
pavement distresses were measured at selected tests sites in the United States and Canada.
Included in this research was measurement of the daily maximum and minimum air temperatures
at selected sites. These measurements do not necessarily accurately reflect the temperature
extremes over the entire state, but do provide an accurate depiction of the varying extremes from
state-to-state. For the New England States, the following daily extremes were measured as
shown in Table 2 below (9):

st Data Collection Low Temperature High Temperature
ate .

Period Extreme Extreme
Connecticut 1994-1997 -20.8°C (-5.4°F) 34.0°C (93.2°F)
Maine 1994-1997 -36.6°C (-33.9°F) 36.0°C (96.8°F)
Massachusetts 1994-1997 -24.1°C (-11.4°F) 35.2°C (95.4°F)
New Hampshire 1994-1997 -30.9°C (-23.6°F) 36.2°C (97.2°F)
Rhode Island N/A N/A N/A
Vermont 1994-2003 -38.5°C (-37.3°F) 36.3°C (97.3°F)

Table 2: Daily Extreme Temperatures for the New England States

From the data it can be seen that there is significant variation from the northern to the southern
New England states. Also, there is a large gap between the seasonal averages stated before and




the extremes noted here. For the purposes of the APJ design, the temperature extremes should be
evaluated when calculating the anticipated bridge movement.

Bridge joint movement can be either horizontal or vertical. Horizontal movements are
considered quasi-static, happening slowly over time and are mainly induced by thermal
contraction and expansion (5). The forces induced on the APJ during this type of movement are
considered to be far less than the dynamic forces from traffic loading (5). Vertical movements
can be caused by dynamic loading and end beam rotation.

No consensus exists between authors on the applicable horizontal and vertical movement
capacity of the APJ. In the UK, the APJ is expected to maintain -12.5 mm (-1/2 inch) to +25
mm (+1 inch), or a total movement capacity of 37.5 mm (1-1/2 inches) (3). Other authors state
that horizontal movements of 25 mm (1 inch) (10), £ 20 mm (0.8 inches) set at mean (7), and
less than 50 mm (2 inches) (1) are the limit. The vertical movement capacity required in the UK
is a maximum of 5 mm (0.2 inches) (3). Only one other author mentioned vertical movement
and stated that 2 mm (0.08 inches) is the limit. It is clear that there is no agreement on the
functional movement limits of an APJ either in respect to horizontal or vertical movements.

2.2.2 Geometric Considerations

There are many geometric considerations and limitations involved with an APJ because of the
unique nature of the material. The following should, at a minimum, be considered prior to
selecting an APJ for use:

Installation Depth

Installation Width

Installation Length

Skew Angle

An APJ with limited or excessive thickness can pose a concern for joint failure. Because of the
APJs unique material composition, a thin joint might be susceptible to material failure like
cracking, debonding, and spalling in cold weather. Conversely, if the APJ is too thick it may be
more susceptible to rutting and shoving in hot weather. Again there is no real agreement on what
the minimum and maximum joint depths are required. One source recommended a joint depth of
a minimum depth of 75 mm (3 inches) and a maximum of 100 mm (4 inches) (10). Another
offered a joint depth range from 70 mm (2-3/4 inches) to 160 mm (6-1/4 inches) (3).

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
does end up hitting the wearing course on either side of the joint, the joint may fail and the
wearing course may be damaged as well. There appears to be a bit more consistency between
authors on the size of the joint width. Joint widths are typically no less than 500 mm (20 inches)
(3, 10). One author did note a high-end maximum of 750 mm (29-1/2 inches).

Joint length and skew angle may also be an area of concern when considering using an
APJ. However, no authors have specified any limitations on these parameters to date.

2.2.3 Curb Intersections

The expansion gap of a bridge does not terminate at the curb, rather it continues through any
curb and/or sidewalk. Similarly the bridge joint waterproofing and expansion gap must continue
over its entire length, including the curb area. The EMPA research noted that these curb areas
might present more problems than the traffic lane (3). The waterproofing in these areas normally



consists of sealant compatible with the surrounding substrate and tooled on the vertical and
horizontal faces of the curb. If this sealant separates from the substrate or fails in any manner,
the curb areas will leak and may cause damage to the underlying substructure, similar to leakage
through the APJ.

Not much information is available on the design of the joint system at the curb. In the
UK, the curb expansion gap is required to be equivalent and directly in line with the bridge
expansion gap (7). Another author suggest that the APJ from the bridge should be placed the full
width of the bridge and the curb placed on top (3).

2.2.4 Materials
Varied criteria and research exist for the acceptance and use of the materials that constitute an
APJ system.

Most authors agree that the aggregate used in an APJ system should be Basalt, Gabbro, or
Granite (7, 10). Other types of aggregates were also noted including Delerite and Grit Stone (7,
10). The nominal maximum aggregate size (NMAS) of the aggregate is another area for
discussion as one author notes that it should be 12.5 mm for depths up to 75 mm (10) whereas
another states that the maximum size is 22 mm (3). The gradation of the aggregate is suggested
to be gap graded, thus yielding larger voids in mineral aggregate (VMA) allowing for a larger
asphalt content (1). Most agree that the aggregate must be double washed and dried prior to
delivery to the site and many recommend that it should be placed into pre-weighed bags (7, 11).
Perhaps the least evaluated property of the aggregates is related to temperature. One author
notes that the heating of the aggregate during install is critical. More specifically, based on
testing, if the aggregate temperature is too low there will be an increase in the air voids of the
mix. If the temperature is too high, the adhesion between the binder and the aggregate may be
affected as well as possible damage to the polymers in the binder (3).

The binder for an APJ has also been discussed among authors, however none really offer
any new insight into its mechanistic properties. Some random thoughts regarding binder are that
the binder will lose ductility as it ages (1); binder should be rubberized, polymer modified, or
blend of bitumen with Styrene Butadiene Rubber (SBR) and each should have different material
criteria (7); binder testing needs to be performed on the binder by an independent testing facility
(12); binder testing should be performed before and during construction as well as 2 and 5 years
post construction; and various certificates of compliance should be supplied for the binder prior
to construction.

Little information exists on the requirements for the backer rod used in an APJ system.
One author states that the backer rod shall be 150% of joint opening and have a density of 25 to
30 kg/m® (10).

The gap plate has been noted as aluminum, mild steel, and weldable structural steel with
or without corrosion protection (7, 10). The size and shape of these plates were mainly noted as
6mm (1/4 inch) thick and 200 mm (8 inches) wide with varying lengths (11, 10). The hole
locations were noted at every 300 mm (12 inches) on center (11, 10) secured with locating pins
comprised of 16d common nails (11). One author also noted the use of flashing above the gap
plate as a membrane to prevent water intrusion (7).

Caulking for curbs was rarely noted, however in its only notation it was recommended
that the caulking be heat resistant enough to withstand maximum safe heating temperature of the
binder.



2.2.5 Installation Methodology

Poor or inconsistent installation practice in many ways can lead to failure of an APJ. Many of
these types of joints are installed not by the manufacturer, but rather an independent company
that may or may not receive training from the manufacturer regarding the intricacies of the joint
system. In a series of field installations, one author noted that the construction procedures were
not consistent with the manufacturers specifications or between independent work crews (3).
Results have shown that APJ performance can be improved if the installation is completed by
well-trained teams (3). Installation issues can also arise from unclear and incomplete installation
documents or lack of documents on-site (3). Material inconsistency from different sub lots can
also hinder installation and joint performance (3). To address some of these concerns, some
general guidelines have been suggested to ensure better installation:

e Require a technically competent manufacturer’s representative on site during installation
(12).

e Allow only approved operatives to install joints. Approved operatives must be issued a
certificate of training and it must be renewed less than every three years (7).

e Require the manufacture to 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
(12).

e Install joint at temperatures between 5°C (41°F) and 35°C (95°F )with no inclement
weather forecast for the day (10).

Each APJ system installation consists of several steps that are common to all manufacturers.
They are as follows:

- Removal of existing joint or pavement

- Cleaning of joint

- Tanking of joint

- Installation and compaction of APJ mixture
- Application of finish coat (Finish Dressing)

The fist step in the installation process involves removal of existing joint or pavement. This
material should be cut with a dry-saw as opposed to a wet saw, since the wet saw may introduce
water into the new joint system. The cut should be deep enough to sufficiently remove the
existing pavement. The depth of the cut can be established by drilling a pilot hole with a drill to
establish existing pavement depths, thus reducing the amount cutting to the existing concrete
depth. The existing bituminous pavement is then removed with jackhammer and hand tools.
The deck should then be inspected and any significant damages brought to the attention of the
supervising engineer (7).

The vertical and horizontal surfaces to receive the joint are cleaned using a hot
compressed air (HCA) lance to remove any moisture and debris. The joint must be thoroughly
cleaned prior to the next step. The new backer rod is then installed. The base of the joint is then
tanked, flooded, with the APJ binder material. The gap plate is centered over the expansion gap
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and nailed into place with locating pins. The entire joint, including the vertical sides, are then
tanked with APJ material again.

Concurrent to the actions noted before, the APJ binder and aggregates are prepared for
mixing. This material can be mixed in three different ways (3):

1. Hot non-coated aggregate is placed into the joint and APJ binder is then added.

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

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

Methods 2 is the most desirable method because it ensures thorough coating of the aggregate,
however it is more difficult to spread and will require compacting (3). Method 1 can be lead to
problems with coating of the aggregates, especially if the aggregates are dusty (3). Method 3 is
less practical as it will require the contractor to work in small batches to keep the mixing
temperatures in range (3).

Mixing temperatures and methodologies for measuring it during installation do pose a
concern for APJ failure. In a field study of 18 APJ installations, the EMPA noted that many
different temperature control devices were used. Those contractors using Method 2 used stirring
drums with integrated temperature control and in 3 of the 18 cases these devices were non-
functional (3). In some cases the binder was heated above 224°C (435°F), causing polymer
decomposition of up to 35% (3). This decomposition affects the elasticity, adhesion strength and
durability of the APJ that can ultimately lead to failure (3). Also infrared thermometers were
used for aggregate temperature readings and digital thermometers for binder temperatures. It
was noted that some of these thermometers varied as high as 20°C (68°F) from calibrated
thermometers (3).

Ideas vary on the means of filling the joint with the APJ mixture. Beyond the methods
noted above, the number of lifts and compaction techniques vary significantly. Some
recommend that the mixture be placed in three lifts (1), others surmise that the lifts should be 30
to 40 cm (1 to 1-1/2 inches) until the final desired height is reached (3). Compaction techniques
vary from rolling the finished joint with a 2-ton roller (1) to compacting using a vibratory plate
compactor (3) to simply stating that the mixture should be consolidated during installation (7).

Application of the finish coat happens after the joint is filled with APJ mixture and
compacted, if performed. It normally involves tanking the finished APJ material with binder and
distributing a broadcast stone on top.

The work presented by the EMPA did discuss some methods of QC during the install
process. Their suggestions were (3):

1. Require a form that includes the following information after the joint install is complete
e Bridge reference and location

Joint location

Date of installation

Weather during installation

Materials used

Plate material and size

Joint size

Use of debonding strip
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e Primer used
e Surface dressing

2. Require the supplier to submit the following regarding their joint system:
e Description or name of joint system

Horizontal movement capacity

Vertical movement capacity

Aggregate test report

Binder test report

Gap plate test report

Caulking test report

Flashing test report

The authors stated that a certified lab shall complete the aggregate and binder test.

2.3 Performance Research

There have been a few research projects related to APJ that have been conducted in the last 5
years. Most notably the research by University of Wyoming, EMPA (Switzerland), and BAM
(Germany) has been at the forefront of APJ testing.

The University of Wyoming conducted a study for the Wyoming Department of
Transportation that was completed in May of 1999. Their research focused on the material
properties of the APJ mixture and binder. More specifically, they tested joint material from
Pavetech, Koch/LDI (Linear Dynamics), and Watson Bowman Acme. (It should be noted that
LaFarge Road Marking now owns the Koch/LDI product and the results of the Wyoming
research may or may not necessarily be representative of the material currently being produced
by this company. Similarly the materials tested for Pavetech and Watson Bowman Acme may or
may not necessarily be representative of the material currently being produced.) The
manufacturer placed material into specially designed concrete molds and the corresponding test
specimens were taken from these molds. The University of Wyoming then conducted the
following test (1):

e Finite Element Analysis

e Thermal Stress Restrained Specimen Test (TRST)
Resilient Modulus
Georgia Wheel Loading Rut Tests
Shear Bond Test
Normal Bond Strength Test
Yield Stress
Modulus of Elasticity
Perhaps the greatest discovery during this research was the glass transition temperature of the
binder material. Their research discovered that between a temperature of - 18°C and -40°C the
binder material becomes brittle and fails with little plastic deformation (1). The researchers then
theorized this temperature was as a non-conservative lower temperature limit that an APJ could
be used.

From the material property tests the authors concluded that the material behavior is
characterized as elastic perfectly plastic. Adhesion tests led to the conclusion that the adhesion
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of the APJ material is brittle. Also noted was that the material’s modulus of elasticity of the APJ
material is consistently lower than the resilient modulus. Finally the authors noted that the
rutting requirements of HMA not met by the APJ material (1).

More current research has been undertaken by the EMPA (Switzerland) and the BAM
(Germany). Each individual has undertaken new test methodologies relating to the APJ.

The EMPA has been conducting field research into APJ. As part of their research 18
APJs were installed at 7 different locations on the same day under the same climatic conditions
(3). The researchers have performed long-term field monitoring using a high frequency torsional
dynamic resonance rheometer that evaluates the changes in the viscoelastic properties. Their
research has shown that the APJ material placed in the field has stiffened over the years from
1998 to 2000 (3). The penetration resistance of the APJ was also monitored in the field. A flat
stamp under a static load of 400N was applied to each APJ. Their results confirmed that APJ
compacted with a vibratory machine had higher penetration resistance that those that were not
compacted (3).

The researchers at the BAM have developed a test device, called the function test, that
tests a section of the APJ system as a whole (APJ material, backer rod, gap plate, etc.). The
testing apparatus described is used to perform two tests on the APJ system: Thermal Cycling
Test and the Vibration Test.

The Thermal Cycling Test is used to measure the performance of the APJ system under
slow, quasi-static, horizontal joint movements. Specifically the joint expansion and contraction
is varied between +25mm (+1”) and -12.5mm (-1/2”) respectively at a rate of 0.2mm/h.
Simultaneously the temperature of the APJ system is varied from -20°C (-4°F) during extension
of the joint to +50°C (122°F) during contraction of the joint. This test is conducted for 8 hours
or until the samples reaches failure. Sample failure is deemed to have occurred when it can no
longer be impervious to a NaCl solution that is applied over the joint prior to testing. (12)

The Vibration Test is used to evaluate the performance of the APJ system when subjected
to dynamic loading. This test, conducted at -20°C (-4°F), involves subjecting the APJ system
dynamic loading in a sinusoidal waveform at a frequency of 1Hz. Exact loading levels are
determined from a continuous pulsating bending test. In total there are 130 stress sections with
each being subjected to 10,000 cycles of loading. The tests will proceed until all sections have
passed the criteria or the joint fails. Failure is determined as described previously for the
Thermal Cycling Test. (12)

Finally attempts have been made to mathematically evaluate different joint geometry. A
finite element analysis (FEA) was completed on a “typical” APJ under traffic and thermal
expansion/contraction loading conditions as well as two radically different APJ shapes. The
first shape tested eliminating the vertical debonding sides of the APJ and replacing it with a 45°-
angle transition, creating a trapezoidal section shape. The second shape involved converting the
plan of the joint into a sinusoidal shape rather than a straight line. The results of the FEA
showed that the both shapes were more effective at reducing stresses than a “typical” APJ (2).
The implications of this are that changing the shape of the APJ will have a positive effect on
stress distributions, however the reality may be that these new shapes are unrealistic to construct.

2.4 Survey

In an effort to better understand the design, repair and usage of the APJ in the United States, a
survey was created and distributed to members of the state DOT’s in late 2002. Umass
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Dartmouth received an overall response of 23% of which only 25% of those respondent’s stated
that APJs are currently used in their state. Some other significant findings from the survey were:

Only 8% of the total respondents stated that they plan to use APJs in the future.

Only 8% of the total respondents stated that they use an APJ DESIGN specification.
No state has or uses any defined criteria for evaluating good vs. poor performing APJs.
25% of respondents stated they specify curb details.

17% of the total respondents stated that they use an APJ REPAIR specification.

The majority of respondents believe that material distress leads to APJ failure.

A detailed summary of the survey along with a blank copy of the survey and the respondent’s
responses is located in Appendix A.

2.5 Criteria for Good vs. Poor Performing Joints

No criteria exist for classifying a Good vs. Poor performing joint. This subjective qualification
is further complicated by the expectations of the joint performance by the design engineer. One
may safely assume that if the joint leaks that it would be classified as poor performing. The
extent at which the joint can be consider good depends of the acceptable levels of distress and
when they occur during the life of the joint, which to this point have not had formal
quantification procedures established.

2.6 Useful Life

No written documentation of the useful life of an APJ was found as part of the research for this
project. However, in talking with professionals in the industry, a useful life of 5 years is a
realistic expectation.

2.7 Cost

Only one source made mention of cost associated with APJ. In the University of Wyoming
report of 1999, their research indicated that the cost range for a new APJ is $60 linear foot to
$325 linear foot (1). Umass Dartmouth did ask for cost data from the current manufacturers, but
none was received.

3.0 SPECIFICATIONS

Please note that the majority of the information listed in this Section 3.0 Specifications was
authored by the respective agency, manufacturer or author noted. Umass Dartmouth has
presented or summarized their work here to inform the readers of this report on the
current specifications and criteria being used. Umass Dartmouth does not claim any
authorship or assume any responsibility for the information contained in this section.

3.1 ASTM & New England DOT Specifications — Materials
The materials required for use in an APJ are universally accepted. Each system requires a backer
rod, gap plate, locating pins, binder, and aggregate. The material acceptance requirements for
these items vary in each New England state.

Tables 3 through 8 outline the current material requirements of each state and the latest
APJ ASTM specification for APJ materials. They were compiled from the following sources:

14



ASTM - Annual Book of ASTM Standards 2004 (13)

Connecticut - Item #601604A - Asphaltic Plug Expansion Joint System, June 1997.

Maine - No Specifications were available for this report.

Massachusetts — Section 971 Asphaltic Bridge Joint System, 2002.

New Hampshire —Specifications were in a drawing format rather than a text

dissemination. No text specifications were forwarded to Umass Dartmouth for this

project.

= Rhode Island — Draft Code 823.1750 Asphaltic Expansion Joint System Materials and
Workmanship Warranty, May 2002. (Please note this is only a draft specification and has
not been formally approved as of the publication of this report.)

= Vermont — Certain items from formal specification were received via unpublished

personal email with VTrans. A formal specification does exist but was not forwarded to

Umass Dartmouth for this project.

A copy of the available specifications, besides the ASTM specification, is located in Appendix
B.

3.1.1 Binder

Table 3 summarizes the requirements for the APJ binder. Please note that Maine, New
Hampshire and Vermont do not have or did not supply specifications for APJ binder.

15



Required Property Values Per Specification
Test ?;Hg ASTM D6297-01 cT MA RI’
Softening Point D36 83°C (min.) 82°C (min.) 83°C (min.) 180°F (82°C)(min.)
Per ASTM
Tensile Adhesion | D5329 700% (min.) D3583! 700% (min.) -
800% (min.)
- @ 25°C (77°F) @ 25°C @ 25°C )
Ductility D113 400 mm (min.) 40 cm (min.) 400 mm (min.)
@ 25°C (77°F), @ 25°C, o )
Penetration D3407° 150g, 55 150g, 55 @725’ n?r'nl(i?g(? S
7.5 mm (max.) 90 dmm (max.) ' '
Per ASTM
Low D5 @ -18°C (0°F), 200g, D3407° @ - @ -18°C, 200g, 60
Temperature 60s 18°C, 200g, 60 seconds -
Penetration 1.0 mm (min.)* seconds 1.0 mm (min.)®
10 dmm (min.)
2 5h @ 60°C (140°F) 5h @ 60°C 5 Hours @ 60°C -
Flow D3407 3.0 mm (max.) 3.0 mm (max.) 3.0 mm (max.)
@ 25°C (77°F) o .
Resiliency D3407° 40% (min.) 60@0/ Z(f’n ﬁ ) 70?/ 2(; g( ) -
70% (max.) o T 0 '
Asphalt D34072 PASS PASS PASS ]
Compatibility
o @ -23°C (-10°F) ] @ -23°C ]
Flexibility D5329 PASS PASS
3 Cycles @ -7°C 3 Cycles @ -20°F,
3 (+20°F) , 100% i 50% Elongation PASS i
Bond D3405 Elongation 3 Cycles @ 0°F, 100%
PASS Elongation PASS
Recommended o o op.
Installation N/A 182°C -éggog)(seo F 199°C 182°C -199°C :
Temperature
Safe Heating 199°C - 216°C o o o i
Temperature N/A (390°F - 420°F) 210°C 199°C - 216°C

!ASTM D3583 withdrawn and replaced by ASTM D3569 & D5329.
2ASTM D3407 withdrawn and replaced by ASTM D5329.
SASTM D3405 withdrawn and replaced by ASTM D6690.
*ASTM D6297 requires a modification to the D5 test method for the low temperature penetration test. A penetration
cone conforming to ASTM D217 is used instead of a standard penetration needle. The total moving weight of the
cone and attachments shall be 150.0+0.1 g. Pour the APJ binder into three (3) 177-mL tins. The tin dimensions
shall be 69 mm in diameter by 44 mm deep. Condition the specimens and penetration cones at 18°C for at least 4
hours. Make penetration determination on the 120° radii, halfway between the center and outside. Report results as
an average of three individual tests.
*CT DOT offers a set of alternate criteria for acceptance of APJ binder as follows:
1. Softening Point > 65°C Tested by Ring & Ball Method (ASTM E28)
2. Flow Resistance < 5% (Per ASTM D1191 which has been withdrawn and replaced by ASTM D5329)
3. Cone Penetration < 40 mm @ 25°C, 150g, 5 seconds (ASTM D217)
4. Extension Test - PASS 3 cycles of extension to 50% at a rate of 3.2mm/hr and 5°C (Blocks prepared

according to ASTM D1190 which was withdrawn and replaced by ASTM D6690)
® Methodology similar to footnote 4.
"RI DOT requires that APJ binder conform to ASTM D 3405, which was withdrawn and replaced by ASTM D6690.
Table 3: ASTM & New England DOT Specifications - Binder Requirements
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3.1.2 Backer Rod
Table 4 summarizes the requirements for the backer rod. Please note that Maine, New
Hampshire and Vermont do not have or did not supply specifications for backer rod.

Required Property Values Per Specification
ASTM ASTM
Item Test ID D 6297-01 cT MA R
Cylindrical Closed Efg;rédgde”
Type n/a Closed Cell Foam Cell Expanded Closed Cell Foam
Polyethylene
Polyethylene Foam
Foam
In accordance
with Diameter
Diameter 150% the | Manufacturers
. . L : 150% the
Size n/a - width of joint recommendations. ! -
. width of joint
opening Shall meet .
X opening
requirements of
ASTM D 1752
. 32 kg/m® (2.0 2.0 Ibs./ft®
Density D1622 ) lbs /) (min.) } (min.)
Tensile Strength | D1623 - 172 k(l:]ilir(]Z)S psi) - 25 psi (min.)
Water C509 i 1.0% of mass i 1% of weight
Absorption (max.) (max.)
Compression, 1
50% D545 - - 91.70 kPa -
Extrusion D545 - - 2.54 mm* -
Recovery D545 - - 99.21%" -
Water
Absorption, D545 - - 0.246%* -
Volume
Non-gassing and Capable of Compatible with
capable of withstanding | withstanding the polymeric binder
the elevated installation | temperature of hot | and the elevated
Other n/a temperature (199°C) of | binder material. temperatures of -
binder & meet all the polymeric
requirements of ASTM binder
D5249 application.

"Values using a 12 mm specimen.
Table 4: ASTM & New England DOT Specifications - Backer Rod Requirements

3.1.3 Aggregate

Table 5 summarizes the requirements for the aggregate. Please note that Maine, New Hampshire
and Vermont do not have or did not supply specifications for the aggregate.
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Required Property Values Per Specification

Item D'E%—YI\-AO 1 CT MA RI
Tvoe i Granite, Basalt or Granite, Basalt or Basalt, Gabbro or
yp Gabbro Gabbro Granite groups
Crushed, Processed, Stones shall be
Crushed,
_ Washed. and D(_)uble-Washed and crushed, do_uble-
Aggregate Delivery Dried Plre- Crushed. Double- dried at the source. washed, dried and
Condition weigh.ed and Washed and Dried | Delivered to the site in delivered to the site

pre-packaged.

prepackaged waterproof
containers.

pre-weighed in
labeled packs

Aggregate Material
Requirements

Specific size
and gradation to
be agreed upon
by purchaser
and APJ
manufacturer.

Shall be made available
in 19mm, 12 mm and 10
mm sizes and meet the
gradation requirements
specified by
manufacturer for the
joint system.

Shall be supplied in
19 mm, 12.5 mm
and 9.5 mm
nominal sizes as
recommended by
the manufacturer.

When performing
AASHTO T11,
material passing the
#200 sieve shall not
be more than 0.3% by
weight of the stone

Broadcast Stone

Basalt sized to pass
the #8 sieve and be
retained on the #16

Table 5: ASTM & New England DOT Specifications - Aggregate Requirements

3.1.4 Gap Plate

Table 6 summarizes the requirements for the gap plate. Please note that Maine, New Hampshire
and Vermont do not have or did not supply specifications for the gap plate.

Required Property Values Per Specification

ASTM

1
Item D 6297-01 CT MA RI VT

Type Mild Steel or | = Grade 250 | 40 950 Steel | Steel Grade 36 Steel

Aluminum Steel

ASTM A36/
Conformance A3BM-Mild ASTM AASHTO -
Requirements steel A700M | AASHTOMZ270 M270

ASTM B209

- Aluminum

. AASHTO
Galvanized - - AASHTO M111 M232
Thickness 6 mm (min.) | 6.5mm (min.) 6 mm (min) 1/4” (6.4 mm) 6 mm
Width 200 mm - 200 mm (min.) - 200 mm
Length 1.2 m (min.) - - 3to 4’
300 mm ,
When center-to- 1" Center-to-
. o 300 mmon Center along
Hole Location specified 300 | center along -
. center the centerline of
mm O.C. centerline of
the plate
plate

!Steel Plate may be omitted where the approach slab is covered with a stone base or bituminous pavement and
vertical movement of the plated might occur.
Table 6: ASTM & New England DOT Specifications - Gap Plate Requirements
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3.1.5 Locating Pins
Table 7 summarizes the requirements for the locating pins. Please note that Maine, New
Hampshire and Vermont do not have or did not supply specifications for the locating pins.

Required Property Values Per Specification
ASTM
Item D 6297-01 CT MA RI
Tupn 16d common nails or | 16d common nails | 16d common nails or | 16d common nails
yp larger or larger larger or larger
Hot-Dipped . Hot-Dipped
Coating Galvanized Galvanized per ZZEVQE;ESS Galvanized per
ASTM A153 ASTM A153
Table 7: ASTM & New England DOT Specifications - Locating Pins Requirements
3.1.6 Curb

Table 8 summarizes the requirements for the curb sealant and backer rod. Please note that only
Connecticut supplied any specifications.

Required Property Values Per Specification

Item ASTM CT MA RI

D 6297-01
Sealant ) Dow Corning 888 or Approved ] ]
Equal

Cylindrical closed-cell
polyethylene foam with a
diameter 25 mm greater than the
joint opening.

Density 3
32 kg/m
(ASTM (mign.)

Backer Rod - D1622) - -
Tensile
Strength
(ASTM
D1623)
Water
Absorption
(ASTM C509)

172 kPa (min.)

1.0% of mass
(max.)

Table 8: ASTM & New England DOT Specifications - Curb Requirements
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3.2 New England DOT Specifications — Installation

3.2.1 ASTM & New England DOT Installation Specifications: General

Please note that Maine does not have a general specification for APJs.

General Joint Conditions

ASTM
Item D6297- CT MA NH RI VT
01
50 mm from
. max.
JQ'”F M_ovement +25 mm - expansion to 2” - -
Limitations
max.
contraction
Maximum Joint i ) i i i i
Opening
Joint Installation .
Depth 50 mm - - 2”7 (min.) - -
Joint Installation - " "
Width 500 mm i 20 20 -
Acceptable
Vertical - - - - - -
Displacements
Acceptable Skew i ) i Under 25° i i
Angles
Acceptable i ) i i i i
Gradient
Ambient air
Joint cannot temperature is
. Ambient air . at least 10°C
Installation be installed .
temperature | . and rising.
Weather - - o if wet -
L shall be 5°C . The road
Conditions . conditions :
and rising. - surface is
exist. o
sufficiently
dry.
Vehicular Joint shall not be
. opened to traffic Joint shall be
traffic may .
ass over the until surface cools prott_acted from
pa; to 120°F or 30 traffic until the
Other - joint 2 hours - - - X
after minutes after material as
compaction of broadcast stone cooled to 52°C
comp . placement is (125°F)
joint material.
complete.

Table 9: ASTM & New England DOT Specifications - General Conditions
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3.2.2 ASTM_& New England DOT Installation Specifications: Removal of Existing Bridge Joint
System/Pavement & New Joint Preparation

ASTM D6297-01
No criteria listed in the ASTM D6297-01specification.

ConnDOT (Connecticut Department of Transportation)

Saw cut and remove the bituminous concrete overlay and membrane waterproofing to the
required dimensions of the joint. Existing concrete headers, defective joint sealant, and
reinforcement within the required dimensions of the joint shall also be removed. All concrete
joint surfaces shall then be cleaned by the use of a hot compressed air lance until a clean, dry
surface is produced. The cut asphalt surfaces shall be cleaned in a similar manner taking care to
remove all water and cutting dust.

MassHighway (Massachusetts Highway Department)

The contractor shall produce uniform and parallel surfaces in the forming of and placement of
the blockout area within the reinforced concrete slabs as detailed on the plans. The formed
blockout area shall be protected by the contractor to prevent any edge damage by any site
equipment throughout the on-going construction process. The contractor shall produce the
required gap width within the full depth of the joint as dimensioned on the plans. If the existing
curbstones bridge the existing sidewalk and safety curb joint gaps, they shall be modified by saw
cutting a smooth face which shall be aligned and placed to maintain the uniform joint gap.
Immediately prior to placing any binder, the blocked out section and joint gap shall be inspected
full depth and any debris shall be removed. Immediately thereafter the blockout, sidewalk and
safety curb gap, and road surface 150 mm either side of the blockout shall be thoroughly cleaned
and dried using a hot compressed air (HCA) lance capable of producing flame-retarded air
stream at a temperature of at least 1100°C. The lance’s blast orifice shall be capable of
producing one MPa of pressure.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

Saws shall be set to cut the full depth of the bituminous concrete and any membrane present.
Bituminous concrete pavement shall be removed from those areas where asphaltic joint material
is to be placed by the use of saws and pneumatic hand tools. Variations in the thickness of the
bituminous concrete across the road should be considered to ensure, where possible, that the
deck is not damaged. The entire joint must be thoroughly cleaned and dried using a Hot
Compressed Air Lance immediately prior to tanking. All loose debris shall be removed from the
gap. Care must be taken to ensure that the sawcut surfaces have been thoroughly cleaned of any
dust or wet paste from the cutting operation.

VTrans (Vermont Agency of Transportation)

The joint shall be located centrally over the deck expansion gap or fixed joint and marked out to
the manufacturer’s recommended width. The joint shall be excavated as shown on the plans, by
use of saws and pneumatic hammer or a hammer and chisel. The joint shall be blast cleaned of
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debris and asphalt. The joint area shall be thoroughly dried using a hot compressed air prior to
applying binder material. Spalled and defective concrete shall be repaired with an approved
material as agreed upon by the resident engineer.

3.2.3 ASTM & New England DOT Installation Specifications: Installation of Backer Rod

ASTM D6297-01
“The closed cell, foam expansion joint filler shall be placed into the expansion gap at a depth of
not greater than the width of the gap. Where the gap is greater than 25 mm, the minimum depth
shall be 25 mm.”

ConnDOT (Connecticut Department of Transportation)
The backer rod shall be installed in the joint opening at a minimum depth of 25 mm through the
roadway curbs.

MassHighway (Massachusetts Highway Department)

The backer rod shall be installed in the sidewalk and safety curb gap to the proper depth to
ensure a correct width/depth ratio as specified by the manufacturer. The backer rod shall be set
in accordance with the plans. There will be no splicing of backer rods at the curb lines.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)
The joint gap shall be caulked with a backer rod as shown on the plans. It shall be placed in such
a manner as to allow for appropriate placement of the required binder material.

VTrans (Vermont Agency of Transportation)

Properly sized heat resistant backer rod shall be placed in the movement gap allowing 25 mmz
(1 inch ) of binder above the rod.

3.2.4. ASTM & New England DOT Installation Specifications: Curb Joint Treatments

ASTM D6297-01
No criteria listed in the ASTM D6297-01specification.

ConnDOT (Connecticut Department of Transportation)

The parapet joints shall be thoroughly cleaned of all scale, loose concrete, dirt, dust, or other
foreign matter by abrasive blast cleaning. Residual dust shall then be removed by blasting with
oil free compressed air. Projections of concrete into the joint space shall also be removed.
Closed cell elastomer shall be placed in the joint as shown on the plans and as directed by the
Engineer. The joint shall be clean and dry before the silicone joint seal is applied. The silicone
joint sealant shall be applied as outlined in accordance to with the manufacturer’s printed
instructions and as directed by the manufacturer’s representative, and with the equipment
prescribed by the manufacturer.
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MassHighway (Massachusetts Highway Department)

For sidewalk, curb, and median joint gaps a non-sag polyurethane joint sealer compatible with

the asphaltic binder shall be used.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)
No criteria listed in the RIDOT specification.

VTrans (Vermont Agency of Transportation)
No criteria listed in the VVTrans specification.

3.2.5 ASTM & New England DOT Installation Specifications: Priming of Surfaces

ASTM D6297-01
No criteria listed in the ASTM D6297-01specification.

ConnDOT (Connecticut Department of Transportation)
No criteria listed in the ConnDOT specification.

MassHighway (Massachusetts Highway Department)
No criteria listed in the MassHighway specification.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)
No criteria listed in the RIDOT specification.

VTrans (Vermont Agency of Transportation)
No criteria listed in the VTrans specification.

3.2.6 ASTM & New England DOT Installation Specifications: Heating of Binder

ASTM D6297-01

“The AB (asphalt binder) shall be heated to a temperature as specified by the manufacturer. The
melter must be supplied with a continuous agitation system and calibrated thermometers.”

ConnDOT (Connecticut Department of Transportation)

Binder material shall be heated to a temperature greater than 176°C, but not to exceed the
manufacturer’s recommended safe heating temperature. The heating kettle shall have a
continuous agitation system, temperature controls, calibrated thermometers and be double steel

jacketed with an oil layer in between, to prevent scorching of the binder.
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MassHighway (Massachusetts Highway Department)

The binder shall be melted and heated to the application temperature in a double jacketed, hot
oil, heat transfer kettle, or as recommended by the manufacturer. The kettle shall be equipped
with a continuous agitation system and temperature controls that can accurately maintain the
material temperatures.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

The binder shall be hated and maintained at the manufacturer’s recommended placement
temperature in excess of 350°F (177°C). At no time shall the manufacturer’s recommended safe
heating temperature be exceeded.

VTrans (Vermont Agency of Transportation)
The binder material shall be heated an placed as recommended by the manufacturer.

3.2.7 ASTM & New England DOT Installation Specifications: Tanking of Joint

ASTM D6297-01
“The joint opening shall then be filled with AB until it runs into the corresponding blockout to
ensure a water-tight joint below the bridging plate.”

ConnDOT (Connecticut Department of Transportation)
During application, the binder material temperature shall be maintained at a minimum of 176°C.
The binder shall be poured into the expansion joint opening until it runs over the edges.

MassHighway (Massachusetts Highway Department)

The binder shall be poured into the joint gap. The binder shall overfill the roadway joint gap to
allow the binder to be spread onto the adjacent concrete deck in order to form a bond breaker
between the deck and the bridge plate.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

Immediately after cleaning/caulking, the bottom of the blockout area shall be coated with a layer
of hot binder. If a delay greater than one (1) hour occurs between cleaning and tanking, the joint
shall be re-cleaned using a Hot compressed Air Lance.

VTrans (Vermont Agency of Transportation)
No criteria listed in the VVTrans specification.
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3.2.8 ASTM & New England DOT Installation Specifications: Placement of Gap Plate

ASTM D6297-01
Bridging plate shall be centered over the entire length of the expansion joint gap when specified.

ConnDOT (Connecticut Department of Transportation)

A backing plate shall be placed from curb to curb on the roadway portion of the expansion joint.
The plate shall be centered over the joint opening. The plate section shall be butted up to each
section and not overlapped. Locating pins shall be placed in the pre-drilled holes and hammered
in to secure plates. Binder material shall be applied over the plate and in the blockout to seal
this area.

MassHighway (Massachusetts Highway Department)

The bridge plate shall be centered and placed over the entire length of the roadway joint gap.
The plate shall be secured by placing locating pins through the pre-drilled holes into the joint gap
backer rod. The bridge plate sections shall not overlap. The horizontal and vertical surfaces of
the joint blockout joint shall be coated immediately with hot binder before pouring hot binder
over the floor area of the joint. The coating shall be continuous and adhere to the surfaces.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

The gap plate shall be bridged with three to four feet long steel backing plates. Steel plates shall
be located with pins along the centerline. The plates shall be butted to each other and shall not
be overlapped. Immediately coat the walls of the blockout area and the bridging plates with
binder, making sure that the plate is entirely encapsulated by the binder.

VTrans (Vermont Agency of Transportation)
Place steel plates over the center of the movement gap. Secure plates from moving by inserting
locating pins through the pre-stamped holes into the backer rod and cover with hot binder.

3.2.9 ASTM & New England DOT Installation Specifications: Preparation of Aggregate & APJ
Mixture

ASTM D6297-01

“ The specified aggregate shall be heated shall be heated to the manufacturer’s prescribed
temperature in a manufacturer’s recommended mixer. The temperature of the specified
aggregate shall be controlled by a digital temperature sensor.” “ The AB (asphalt binder) shall
be blended with the heated aggregate at a ratio of aggregate to AB as specified by the
manufacturer. The blend tolerance shall be £5% by weight. The minimum aggregate content
shall be 68% by weight.” “Alternately, the AB and specified aggregate can be pre-measured and
pre-packaged, heated on site in a manufacturer’s recommended mixing unit.” “The specified
aggregate shall be coated completely with binder prior to placement in the blockout.”
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ConnDOT (Connecticut Department of Transportation)

The aggregate shall be heated in a rotating drum mixer to a minimum of 176°C. The temperature
shall be monitored with a calibrated digital temperature sensor. Binder material shall be added to
the mixer to precoat the aggregate.

MassHighway (Massachusetts Highway Department)

The aggregate shall be heated to a temperature of 150°C to 200°C in a suitable rotating drum
blending unit with a heat source attached or by a secure HCA lance to remove moisture.
Temperature of the aggregate shall be controlled by a hand held digital temperature sensor or
other means as approved by the engineer. The heated aggregate and polymeric binder shall be
combined in the blending unit with sufficient binder to thoroughly coat each aggregate
individually while avoiding an excess of binder. In no instance shall the amount of binder added
to the blending unit be less than 15% by weight. The binder used for coating is not included in
the above percentage.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

The aggregate must be dried, cleaned and heated in a drum mixer by hot compressed air. The
stone shall be heated to a temperature between 375°F (190°C) and the maximum safe binder
temperature, as specified by the manufacturer. The temperature should be monitored with a
calibrated infrared thermometer. Under no circumstances shall the binder be mixed with the
aggregate if its temperature is above the maximum. All tangible signs of dust must be removed
prior to mixing of binder with the aggregate.

VTrans (Vermont Agency of Transportation)
The binder material and aggregate shall be heated and mixed as recommended by the
manufacturer.

3.2.10 ASTM & New England DOT Installation Specifications: Placement of APJ mixture

ASTM D6297-01

“The blended heated AB and heated specified aggregate shall be placed in accordance with the
manufacturer’s recommended installation procedures.” “The blended heated AB and heated
coated specified aggregate shall be compacted longitudinally and transverse to the joint using a
roller or plate compactor, which delivers a minimum centrifugal force of 15 kN.”

ConnDOT (Connecticut Department of Transportation)

The coated aggregate shall be placed into the blockout in layers as recommended by the joint
manufacturer. The blockouts shall be overfilled with coated aggregate as required to compensate
for compaction. Equipment for compaction shall be as recommended by the joint manufacturer.
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MassHighway (Massachusetts Highway Department)

The coated aggregate shall be placed in the blockout in layers and raked level as recommended
by the joint material manufacturer. The final layer shall be raked level and compacted flush with
the adjacent deck surface. This layer shall be compacted to the point of refusal with a 1-1/2 to 2-
1/2 megagram roller to ensure the proper density an interlocking of the aggregate in the layer.
Immediately following compaction, the surface of the joint and surrounding road shall be dried
and cleaned using the HCA lance. Sufficient binder shall immediately be spread over the joint
and the adjacent road surface to fill the voids and seal the surface stone.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

Binder material shall be added to the mixer just sufficient enough to thoroughly coat the
aggregate. The coated aggregate shall be placed into the blockout in layers as recommended by
the joint material manufacturer. The blockouts shall be overfilled with coated aggregate as
required to compensate for compaction. Equipment for compaction shall be capable of sufficient
compaction force as recommended by the joint manufacturer. Additional binder material shall
be screeded over the compacted joint to fill any surface voids. (For the surface layer,) accurately
measured quantities of hot aggregate shall be mixed with the binder in a rotating drum mixer.
The binder should be at the approved temperature to ensure complete coating of all the stone.
The mix shall be transferred to the joint and leveled to be slightly higher than the adjacent road
surface. Compaction shall begin immediately after placement of the material in the blockout,
using equipment as specified by the joint system manufacturer and the joint surface made flush
with the existing road surface. Prior to final screeding, the surface of the joint and surrounding
road shall, if necessary, be dried and cleaned with a Hot compressed Air Lance. Immediately
thereafter a single screed of binder shall be applied to fill all surface voids.

VTrans (Vermont Agency of Transportation)
The installation of material, compaction, and top coating shall be as recommended by the
manufacturer.

3.2.11 ASTM & New England DOT Installation Specifications: Finish Dressing

ASTM D6297-01
“Where an antiskid/antitracking surface is required, the surface of the APJ shall be heated prior
to broadcasting the antiskid material in accordance with the manufacturers written instructions.”

ConnDOT (Connecticut Department of Transportation)
Additional binder material shall be screeded over the compacted joint to fill any surface voids.

MassHighway (Massachusetts Highway Department)
The finished joint shall then be dusted with a fine, dry aggregate to prevent tackiness.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.
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RIDOT (Rhode Island Department of Transportation)

The interface between the joint and the pavement shall be sealed with a 2 inch wide band of
binder, centered over the interface, for the entire length of the joint on both the leading edge and
trailing edges, relative to traffic. The surface adjacent to the interface shall be heated with a Hot
Compressed Air Lance to promote adhesion of the binder. Immediately after the application,
while the binder is still hot, basalt stone shall be broadcast onto the band. It shall cover 75% of
the surface of the band.

VTrans (Vermont Agency of Transportation)
Immediately after topcoating, an anti-skid material shall be cast over the joint to reduce this risk
of tracking.

3.212 ASTM & New England DOT Installation Specifications: Quality Control/Quality
Assurance Procedures

ASTM D6297-01

This specification lists criteria for sampling of material for testing. “A minimum of 1.4 kg of
the thermoplastic polymeric modified asphalt shall constitute one sample for testing purposes. A
minimum of 23 kg of the specified aggregate shall constitute one sample for size and gradation
analysis. A minimum of 300 mm of the closed cell, foam expansion joint filler constitutes one
sample for testing purposes.”

ConnDOT (Connecticut Department of Transportation)
Certification reports are required for the backer rod and binder material. A materials certificate
is required for gap plates, locating pins, joint sealant and aggregates.

A competent technical representative of the manufacturer shall be present during installation of
the expansion joint to give such aid and instruction in the installation of the joint as is required to
obtain satisfactory results.

The contractor shall arrange for, and have present at the time of the first joint sealing operation is
to be performed, a manufacturer’s representative knowledgeable in the methods of installation of
the sealant. The contractor shall also arrange to have the representative present at such other
times as the engineer may request.

MassHighway (Massachusetts Highway Department)

A qualified employee of the manufacturer or an installer certified by the manufacturer and
approved by the department shall be at the job site prior to the beginning of the joint construction
process to instruct the work crews in the proper joint construction procedures and shall remain
on the job site for the duration of the joint installation.

The contractor shall have sufficient mixers and personnel at the site to assure continuous and
timely joint installation.

The manufacturer shall document and submit the successful performance of their material in a
similar Asphaltic Bridge Joint System.
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The installer shall have previously demonstrated the ability to have successfully produced a joint
of similar nature and shall provide documentation of a working joint to the Department.

The contractor shall furnish Certified Test reports, Materials Certificates and Certificates of
compliance for the asphaltic polymeric binder, the aggregate, and the joint sealer. The backer
rod and locating pins require Certificates of Compliance.

NH DOT (New Hampshire Department of Transportation)
No criteria listed in the NH DOT specification.

RIDOT (Rhode Island Department of Transportation)

The contractor shall submit to the engineer, for approval at least thirty (30) days prior to the start
of work, the following: a) The name of the manufacturer and b) The manufacturer’s warranty
certificate.

The contractor shall provide an affidavit from the joint manufacturer certifying that the aggregate
is single size, and a certificate of compliance from the binder manufacturer certifying that the
binder conforms to the specification.

At the direction of the engineer, the contractor shall arrange for, and have present at the time the
first joint-sealing operation is performed, a manufacturer’s representative knowledgeable in the
methods of installation of the joint system. The contractor shall also arrange to have the
representative present at such other times as the engineer may request.

For quality assurance purposes, RIDOT has the following warranty requirements written in their
draft specification as shown in Table 10.

Distress Limit for Each APJ Corrective Action
5% total for the joint, with no | Saw cut and remove affected
Debonding debond greater than two (2) area; Replace with new
feet asphaltic expansion system

Saw cut and remove affected
area; Replace with new
asphaltic expansion system

5% total for the joint, with no

Transverse Cracking crack greater than two (2) feet

3 times joint longitudinal

Longitudinal Cracking di . Seal
imension
Perviousness (Leakage) Visible seepage of water Seal
Saw cut and remove affected
Rutting Maximum depth of 1/2" area; Replace with new

asphaltic expansion system

Table 10: ASTM & New England DOT Specifications - RIDOT QC/QA Corrective Actions

VTrans (Vermont Agency of Transportation)
No criteria listed in the VVTrans specification.
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3.3 Approved Manufacturers

In New England, some states require that approved manufacturers supply the APJ materials
noted previously. Please note that Massachusetts and Rhode Island have not included this as part
of their specification. Maine does not allow the installation of APJs. Table 11 summarizes the
approved manufacturers for the New England states. This information was compiled from the
same specifications used to determine the required material properties in Section 3.1

Manufacturer System Name CT NH VT

A.H. Harris & Sons, Inc Polyjoint v Under Review
LaFarge Road Marking® Koch BJS v v v
LaFarge Road Marking® Thorma-Joint v v v
Silicone Specialties Inc. SSI APJ v

Pavetech International, Inc. Matrix 502 v Under Review
Watson Bowman Acme Corp. Wabo® Expandex v v
Wyoming Equipment Sales A.P.J v v

These items were formerly owned and distributed by Linear Dynamics.
Table 11: ASTM & New England DOT Specifications - Approved Manufacturers and Systems

A history of these joint systems, prepared by Lafarge Road Marking, including change of
ownership information is located in Appendix C. It should be noted that A.H. Harris and
Silicone Specialties Inc. have either suspended or ceased projection of their respective APJ
systems. Also the Koch BJS system manufactured by Lafarge Road Marking is no longer being
distributed for use in the New England states.

The manufacturers material properties and installation notes presented in Section 3.3 and 3.4
were compiled from the following sources:

A.H. Harris & Sons, Inc. - Sales Brochure. Harris Polyjoint. No date of issue.

Lafarge Road Markings - Sales Brochure. Specification for the Installation of the Thorma Joint®
Asphaltic Plug Expansion Joint System By Lafarge Road Marking. No date of issue.

Pavetech International Inc. - Sales Brochure. Matrix 502. No date of issue.
Watson Bowman Acme - Sales Brochure. Wabo® Expandex Asphaltic Plug Joint System. 2001

Wyoming Equipment Sales - Sales Brochure. A.P.J. Asphalt Plug Joint System — Specification &
Installation. No date of issue.

A copy of these sources is located in Appendix D. No product data was available for the SSI
and Koch BJS systems.
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3.4 Manufacturers Specifications — Materials

3.4.1 Binder
Material Property Value
A.H. Harris & | LaFarge Road Pavetgch Watson Wy_ommg
. International, Bowman Equipment
Sons, Inc Marking
Inc. Acme Corp. Sales
ASTM - . . Wabo®
Test Test ID Polyjoint Thorma-Joint Matrix 502 Expandex® AP.J.
o o o o o o ZOOOF
Softening Point D36 200°F (93°C) 180°F (82°C) 180°F (82°C) i (94°C)
(min.) (min.) -
(min.)
Tensile Adhesion | D3583? 750% (min.) 750% (min.) 700% (min.) - -
- @ 77°F (25°C) | @ 77°F (25°C) | @ 77°F (25°C) . i
Ductility D113 40 cm (min.) 40 cm (min.) 40 cm (min.) 40 (min.)
o o o o o o Cone o
@ 77°F (25°C) | @ 77°F (25°C) | @ 77°F (25°C) Penetration @ 77°F
Penetration D3407* 150g, 5 sec. 150g, 5 sec. 150g, 5 sec. o R (25°C) 90
@77°F (25°C)
90 dmm (max.) | 90 dmm (max.) | 90 dmm (max.) dmm (max.)
75 (max.)
Low D3407" @ 0°F (-18°C) | @ O°F (-18°C) @ 0°F (-18°C)
Temperature 200g, 60 sec. 200g, 60 sec. 200g, 60 sec. - -
Penetration 10 dmm (min.) | 10 dmm (min.) 10 dmm (min.)
5h @140°F 5h @140°F 5h @140°F @140°F @140°F
Flow D3407* (60°C) (60°C) (60°C) (60°C) 2 mm (60°C)
3.0mm (max.) | 3.0 mm (max.) 3.0 mm (max.) (max.) 3 mm (max.)
- 1 | @77°F(25°C) | @ 77°F (25°C) | @ 77°F (25°C) 0 . )
Resiliency D3407 40% (min.) 40% (min.) 60% (min.) 60% (min.)
ééﬂ;;ibm ty D3407" PASS PASS PASS COMPLETE -
Flexibility D5329 - - - - -
3 Cycles @
0°F (-18°C)
Bond D3407* - - - 100% -
extension
PASS
370°F -
Recommended
: 370°F -390°F 390°F
Installation N/A 390°F (199°C 390°F (199°C R R - o
Temperature ( ) ( ) (188°C--199°C) (188°C--
199°C)
izfrf]p"'ef:ttgr‘g N/A 410°F (216°C) | 410°F (216°C) | 390°F (199°C) - (gggog)
Specific Gravity | - - - 1.10+.05 - -

LASTM D3407 withdrawn and replaced by ASTM D5329.

2 ASTM D3583 withdrawn and replaced by ASTM D3569 & D5329.

2 Watson Bowman Acme modified elastomeric binder meets or exceed the requirements of ASTM 3405 and ASTM
1190 and have the properties listed. Note that ASTM D3405 was withdrawn and replaced by ASTM D6690 and
ASTM D1190 was withdrawn and replaced by ASTM D6690.

Table 12: Manufacturers Data - Binder Requirements
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3.4.2 Backer Rod

Material Property Value

A.H. Harris & | LaFarge Road Pavetgch Watson Wy_ommg
. International, Bowman Equipment
Sons, Inc Marking
Inc. Acme Corp. Sales
ASTM
Test Test Polyjoint Thorma-Joint Matrix 502 Wabo® AP.J.
ID Expandex
Cross-
Extrudeq froma Closed cell Closed cell foam Cylindrical linked,
cross linked, . e closed cell,
Type n/a foam expansion | expansion joint Closed Cell
closed cell L - polyethylene
- joint filler filler Foam .
polyolefin expansion
joint filler
25% greater | 1.5 times the
Size n/a - - - than the joint joint
opening opening
Per ASTM 3
Density D1622 - D545 - : (f]c')trﬁi'gl)
2 Ibs./ft* (min.)
Per ASTM
Tensile Strength D1623 - D545 - - 31.4 psi
30 psi (min.)
. 4.7 psi @
Compression D1621 - - - - 250
Per ASTM
. D545 0.02% by
Water Absorption | C509 - 0.03 glcc by - - volume
weight (min.)
i 0,
Compression D545 - 5psi @ e - - -
(min.)
Extrusion D545 - - - - -
Recovery D545 - - - - -
Water Absorption, D545 ) i ) i )
Volume
Heat resistant Capable of
backer rod withstanding
specifically the Capable of
developed to Capable of Capable of temperature of | withstanding
withstand the withstanding withstanding the the hot the elevated
Other n/a high the elevated elevated modified temperature
temperatures temperature of temperature of elastomeric of the binder
inherent to hot- | the polymeric the Matrix 502 binder, as (@ 410°F no
applied rubber binder. binder. supplied or melting of
asphalt sealers recommended rod)
and polymeric by the
sealants. manufacturer.

Table 13: Manufacturers Data - Backer Rod Requirements
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3.4.3 Aggregate

Material Property Value
A.H. Harris & | LaFarge Road Pavetgch Watson Wy_omlng
. International, Bowman Equipment
Sons, Inc Marking
Inc. Acme Corp. Sales
Item Polyjoint Thorma-Joint Matrix 502 Wabo® A.P.J.
Expandex
. Basalt,
Fractured Grag:i),b?gsalt, SizeB&C Gabbro, or
’ ’ (See Gradation | Granite (See Granite
Type angule_1r trap If’orphyry, or in Section Gradations (See
rock in %" Gritstones  (See - . o
. . Co 3.3.4) in Section Gradation in
minus gradation Gradation in .
Section 3.3.4) 3.3.4) Section
- 3.3.4)
Crushed,
double
Aggregate Delivery Do_uble-_vv ashed, Crushed and washed,
- kiln dried and - - .
Condition double washed dried and
prepackaged .
packaged in
50lbs bags.
Aggregate Material ) i ) ) i
Requirements
Finely graded,
Black Beayty double washed Black Non-silica
Broadcast Stone Back Beauty Sand, Medium ; !
and dried Beauty grit
Grade .
black granite
Table 14: Manufacturers Data - Aggregate Requirements
3.4.4 Aggregate Gradations
Percent Passing
LaFarge Road In tF; ?xztt?ggal Watson Bowman Acme Wyoming
Marking Inc ' Corp. Wabo® Expandex | Equipment Sales
Sieve Size (in)
Thorma-Joint Matrix 502 Size B Size C APJ.
Granite Granite
1” - 99 - 100% 100% 100% -
7/8” 95 - 100% - - - 95 - 100%
3/14” - 65 - 85% - - -
5/8” 30 - 50% - - - 30 - 50%
172" 10 - 30% 40 - 60% 90 - 100% 90 - 100% 10 - 30%
3/18” 0-7% 20 - 35% - - 0-15%
1/4" - 0-10% 0 -15% 0 -15% -

Table 15: Manufacturers Data - Aggregate Gradation Requirements
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3.4.5 Gap Plate

Material Property Value

A.H. Harris & | LaFarge Road Pavet(-_zch Watson Wy_ommg
. International, Bowman Equipment
Sons, Inc Marking
Inc. Acme Corp. Sales
Item Polyjoint Thorma-Joint Matrix 502 Wabo® AP.J.
Expandex
18 Gauge
Type Grade 36 Steel Mild Steel alummum plate Steel Natural Mild
or alternatively a Steel
mild steel plate
Conformance ASTM A709 - - ASTM A36 -
Requirements
Galvanized Avalle}ble - - - -
galvanized
1/8”, 1/4" or
Thickness 1/4" 1/4" - 1/4" (8 mm) thickness
specified by
the Engineer
6” (150 mm)
Width 8" 8" Widthcanbe | g, 03 1my 8"
increased if gap
is > 2”7 (50 mm)
Length - 4’105 4’ and 5’ 6’ 48”
1’ intervals 12”7 (305 mm) | 12” intervals
. " along along on
Hole Location 247C.C. longitudinal i longitudinal longitudinal
centerline centerline centerline
Table 16: Manufacturers Data - Gap Plate Requirements
3.4.6 Locating Pins
Material Property Value
A.H. Harris & | LaFarge Road Pavetgch Watson Wy_ommg
. International, Bowman Equipment
Sons, Inc Marking
Inc. Acme Corp. Sales
Item Polyjoint Thorma-Joint Matrix 502 Wabo® AP.J.
Expandex
Type #16 Nails i i 16d common 16d common
nail nail
Coating Galvanized - - - Galvanized

Table 17: Manufacturers Data - Locating Pin Requirements
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3.5 Manufacturers Specifications — Installation
3.5.1 Manufacturer Installation Specifications: General

General Joint Conditions

A.H. Harris & | LaFarge Road Pavetgch Watson Wypmlng
Sons. Inc Markin International, Bowman Equipment
' g Inc. Acme Corp. Sales
Item Polyjoint Thorma-Joint Matrix 502 Wabo® AP.J.
Expandex
Maximum
horizontal
movement 2”
Joint Movement i 1” Expansion About 1” (25 + 3/4" @ time measured
Capacity 1” Contraction mm) of installation from max.
expansion to
max.
contraction
Maximum Joint i i i 3”7 @ time of i
Opening installation
Joint Installation N I » femi 2" (min.)
Depth 2” (min.) 2”7 (min.) 2”7 (min.) 8” (max.)
20” (500 mm) | Standard 20”
Joint Installation Not less than ” ” (min.) May vary
Width 127 20 207 (500mm) | 54 (610'mm) | between 16”
(max.) and 32”
Dynamic
Accgptable Intermittent "
Vertical - - - . 1/2
Displacements displacements
less than 1/4"
Acceptable Skew o o
Angles Less than 45 Less than 30
Acceptable i i i ) 0
Gradient Less than 4%
No wet
conditions
Installation Deck and no frost
Temperature planes in the
Weather i i i f 40°F (5°C) | surroundin
Conditions ° - (5°C) g
and rising structure or
wearing
surfaces.
Ready for traffic Depending on
. temperature
30 - 60 minutes L
. . and joint
after completion Minimum
. L depth, the
Other - - depending on cooling timeis | . .
S joint could be
joint depth and 1 hour. av f
ambient ready for
temperature traffic in one-
P ' half hour.

Table 18: Manufacturers Data - General Conditions
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3.5.2 Manufacturer _Installation Specifications: Removal of Existing Bridge Joint
System/Pavement & New Joint Preparation

A.H. Harris - Polyjoint

Remove existing bridge joint system from bridge deck and saw-cut joint cavity a minimum of 2”
depth from top of asphalt wearing course, and 1-1/2” depth for latex modified overlay bridge
deck. Remove debris from cut-out section and clean the surface areas and joint cavity allowing
no dust or moisture to be present. Sandblast vertical and horizontal surfaces of the joint. Clean
out all residual sand and debris. Joint must be dry. The horizontal plane of the joint box-out
shall be smooth.

Lafarge Road Marking - Thorma-Joint

The new joint system shall be located centrally over the deck expansion gap or fixed joint and
marked out to the recommended with of 20”. The joint shall be excavated by the use of saws and
pneumatic hand tools. Where possible, saws shall be set to cut the full required depth of the
wearing surface and any membrane present. Variations in depth of the wearing course across the
road should be considered to ensure, where possible, that the deck is not damaged. All debris
from the excavated channel shall be removed to allow the full volume of the new joint to be
installed. The entire channel must be thoroughly cleaned and dried. Small debris will be
removed by using compressed air. The Hot Compressed Air Lance (capable of delivering flame
retarded air stream with a temperature of 3,000°F (1648°C), at a speed of 3,000 ft/s) will then be
applied to throughout the length of the channel. Installation in concrete overlays requires
sandblasting of the concrete vertical walls and adjacent deck area prior to the use of the Hot
Compressed Air Lance application. Spalled and defective concrete should be repaired with an
approved material as agreed upon by the Project Engineer.

Pavetech International - Matrix 502

Matrix 502 shall be centered over £1” (25 mm) over the existing expansion joint gap to the
recommended width of 20” (500 mm). Saw cut the pavement transversely at the determined
width (normally 10” (250 mm) each side of the expansion gap centerline) parallel to the joint gap
and remove all material between the saw cuts, including the waterproofing, riser bars, any old
expansion joint material and loose concrete from the bridge deck. This will form the bridge joint
block out. The block out must be cut to a minimum depth of 2” (50 mm) in order to obtain a
representative installation of the Matrix 502. In some cases this may require scarifying of the
concrete bridge deck with a small scabbler. Care should be taken to yield a level joint table
consistent with existing site conditions. The joint block out shall be further prepared by cleaning
and drying all horizontal and vertical surfaces and at least 6” (150 mm) of the road surfacing
adjacent to the vertical saw cuts. The use of a hot compressed air (HCA) lance or a hand held
torch is recommended. If there is an interruption due to weather or other causes, the cleaning
and drying operation is to be repeated immediately before priming and tanking operation.

Watson Bowman Acme - Wabo®Expandex

The block out shall be constructed to the dimensions on the drawings. The block out base shall
be of sound material with no vertical misalignment and parallel with the plane of the roadway.
Should repairs be required to the block out an agency approved repair material shall be used.
Before installation of the Wabo®Expandex material, all block out surfaces shall be dry, then
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abrasive-blasted to remove contaminants and loose aggregate. Block out should then be heated
and cleaned using a hot compressed air lance capable of producing 3000°F (1648°C) and a
directional velocity of 90,000 cps (3000 fps) to ensure the removal of any residue from the
abrasive-blast operation. Care should be taken to ensure that the abrasive blast and compressed
air cleaning does not contaminate the block out. Installation should not be done unless the deck
temperature is a minimum of 40°F (5°C) and rising.

Wyoming Equipment Sales - A.P.J.

The A.P.J. shall be centered over the existing expansion gap to the recommended width of 20”.
The engineer and W.E.S. if required, shall determine variations in the width. The A.P.J. shall be
marked out by locating the center of the joint opening then marking the joint width as specified,
Using a self-propelled dry saw, cut the wearing course and membrane to the joint table. (Where
additional depth is required, the saw cut maybe continued into the deck, with the engineer’s
approval). The joint shall be excavated using pneumatic hammers with spades or a planer. Care
should also be taken not to damage the vertical edge of the block out. Care should also be taken
to produce a smooth joint table to ensure that the bridging plate sits flat on the surface.
Defective concrete on the joint table should be removed and repaired with rapid set repair mortar
according to the manufacturer’s specifications. The mortar shall be completely set and dry
before continuing with the installations. All debris in the block out area and six (6) inches either
side of the joint shall be cleaned and dried with a hot compressed air lance (HCA). Although
rarely specified, we [Wyoming Equipment Sales] recommend that wire brushing and abrasive
sand blasting to be considered, prior to the HCA procedure. (The grit shall be of a non-silica

type).

3.5.3 Manufacturer Installation Specifications: Installation of Backer Rod

A.H. Harris - Polyjoint
Place backer rod into the joint cavity. Backer rod must be placed to a minimum depth of 1-1/2”.

Lafarge Road Marking - Thorma-Joint

The gap should be caulked with backer rod, allowing for approximately 1” of binder in the gap
on top of the rod. If the previous caulking is intact and will hold the binder, it may be used to
take the place of the backer rod. A small amount of hot binder should be placed onto the
caulking to ensure the gap is adequately plugged.

Pavetech International - Matrix 502

Backer rod capable of withstanding the elevated temperature of the binder shall be placed into
the expansion joint gap 1/8” (3 mm) or wider. Place the backer rod at a minimum depth of 1/2"
(12 mm).

Watson Bowman Acme - Wabo®Expandex

Once the joint opening and block out have been properly prepared, the backer rod is placed in the
joint opening to a depth of approximately 1” (25 mm). A closed-cell, high temperature,
expanded polyethylene foam rod is recommended. The size of the backer rod should be 25%
greater than the joint opening being sealed.
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Wyoming Equipment Sales - A.P.J.

Hot Rod, or equivalent backer rod, shall be placed into the joint opening to a depth of one-inch
(1) below the joint table. The backer rod should be a minimum of 1.5 times the joint opening
and forced into the gap. If there are compressible materials already in place that can withstand
the elevated temperature of the binder, they may remain in place with the engineer’s approval.

3.5.4. Manufacturer Installation Specifications: Curb Joint Treatments

A.H. Harris - Polyjoint
Specification does not address curb joint treatments.

Lafarge Road Marking - Thorma-Joint
Specification does not address curb joint treatments.

Pavetech International - Matrix 502
Specification does not address curb joint treatments.

Watson Bowman Acme - Wabo®Expandex
Specification does not address curb joint treatments.

Wyoming Equipment Sales - A.P.J.
The vertical curb joint shall be sealed according to specifications. Dow Corning 888 with a soft
type backer rod, or Dow Corning 1-2-3 silicone system is recommended.

3.5.5 Manufacturer Installation Specifications: Priming of Surfaces

A.H. Harris - Polyjoint
Prime the vertical surfaces with the Harris Polyjoint primer CCS1H using a stiff bristle brush or
roller. Allow primer to become tacky prior to tanking of joint.

Lafarge Road Marking - Thorma-Joint
The Thorma-Joint system does not use a primer.

Pavetech International - Matrix 502

Prior to the tanking procedure, all horizontal and vertical surfaces of the prepared joint block out
shall be brush coated or sprayed with Matrix primer. This will assist adhesion of the Matrix 502
joint within the block out.

Watson Bowman Acme - Wabo®Expandex
The Wabo®Expandex system does not use a primer.

Wyoming Equipment Sales - A.P.J.
The A.P.J. system does not use a primer.
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3.5.6 Manufacturer Installation Specifications: Heating of Binder

A.H. Harris - Polyjoint
Heat Harris Polyjoint binder/sealer in an approved melter/applicator (double jacketed with heat
transfer fluid and continuous mechanical agitation) in excess of 375°F but not to exceed 400°F.

Lafarge Road Marking - Thorma-Joint

The binder shall be heated to the recommended pouring temperature, 370°F - 385°F (188°C -
196°C). At no time shall the recommended safe heating temperature of 400°F (204°C) be
exceeded. The melter unit shall be equipped with agitation and an automatic temperature control
which can accurately maintain the material temperature from 100°F - 650°F (38°C - 343°C). A
thermometer to monitor the material temperature must be provided. The burner system shall
have a safety pilot capable of shutting of the gas supply in the event of a flame out.

Pavetech International - Matrix 502

The Matrix 502 binder shall be heated to a minimum of 380 °F (193°C), preferably in a double-
jacketed oil melter. The melter must be equipped with a continuous agitation system,
temperature controls and calibrated thermometers to maintain the binder at the manufacturer’s
recommended temperature. Additionally, a system for accurately determining the weight of the
binder dispensed from the melter shall be available on site. The binder application temperature
shall be between 380°F and 400°F (193°C and 204°C).

Watson Bowman Acme - Wabo®Expandex
Melt the elastomeric binder in a double-jacketed kettle and heat to a minimum of 380°F (193°C)
but do not exceed 400°F (204°C).

Wyoming Equipment Sales - A.P.J.

Heat the bridge joint binder to the manufacturer’s specified pouring temperature in a double
jacketed, thermostatically controlled melter, with constant material agitation. Do not exceed the
safe heating temperature of the material.

3.5.7 Manufacturer Installation Specifications: Tanking of Joint

A.H. Harris - Polyjoint
Fill Joint cavity with Harris Polyjoint binder/sealer. Puddle binder/sealer along the base of the
cut-out section and the vertical sides.

Lafarge Road Marking - Thorma-Joint

Immediately after cleaning and caulking, the entire channel shall be coated with a thin layer of
hot binder. If significant delay occurs, the channel shall be inspected to determine if re-cleaning
IS necessary.

Pavetech International - Matrix 502

Pour the binder into the expansion gap, overfilling the joint gap to allow the binder to be spread
onto the joint table. The binder will form a bond breaker between the joint table and the
aluminum (or mild steel) bridging sections.
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Watson Bowman Acme - Wabo®Expandex

Pour the heated binder over the backer rod in the joint opening to seal the gap. This binder shall
be poured level with the base of the block out. Apply the heated binder over the entire block out
(base and sidewalls) to form a monolithic membrane approximately 1/16” (1.5 mm) to 1/8” (3
mm ) thick.

Wyoming Equipment Sales - A.P.J.
Coat the entire block out area with binder, while at the same time, filling the joint gap opening.

3.5.8 Manufacturer Installation Specifications: Placement of Gap Plate

A.H. Harris - Polyjoint
Place bridging plate centered over the joint cavity previously filled. Place #16 galvanized nails
into each hole of bridging plate. Puddle the binder/sealer over the bridging plate.

Lafarge Road Marking - Thorma-Joint

The gap shall be bridged with the steel plates centered over the gap by placing locating pins in
the centerline of the plate. There must be at least 2” between the edge of the steel plate and the
wall of the channel. Once the locating pins are in place, the top of the plate shall be coated with
a thin layer of hot binder.

Pavetech International - Matrix 502

The aluminum bridging sections are then centered over the entire joint length and bedded into
the Matrix 502 binder. All prepared, exposed surfaces (vertical and horizontal) of the joint block
out including the aluminum bridging sections shall be sealed with the Matrix 502 binder. Pour
Matrix 502 binder into the joint block out and screed to coat all exposed surfaces. The binder
shall achieve a minimum of thickness of 1/32” (1mm) throughout. The binder application
temperature shall be between 380°F and 400°F (193°C and 204°C).

Watson Bowman Acme - Wabo®Expandex

The steel traffic wearing plates are centered over the joint opening end-to-end along the joint
with no overlapping. Centering pins (16D common nail is recommended) are installed in the
pre-driller holes and inserted directly into the modified elastomeric binder plug. These pins are
designed to hold the plates in place. The heated binder shall be poured over the closure plate to
encapsulate it.

Wyoming Equipment Sales - A.P.J.

Immediately place the bridging plate centered over the joint opening, the plates shall be butted to
each other and shall not be overlapped. Secure the plates from moving by inserting the locating
pins through the pre-stamped holes into the backer rod. (A slight twisting motion of the nail
when inserting will help penetrate the backer rod). Immediately coat the bridging plate with
binder, making sure that is entirely encapsulated by the binder.
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3.5.9 Manufacturer Installation Specifications: Preparation of Aggregate & APJ Mixture

A.H. Harris - Polyjoint

Heat specification aggregate in a rotating drum mixer (275°F-375°F), then blend with
binder/sealer until the aggregate is 100% coated. Temperature shall be monitored with an
electronic heat sensing device. Temperature of mixed aggregate and Polyjoint binder shall be a
minimum of 275°F prior to placement of mix in joint opening. Mixer drum shall be kept clean
of all foreign material not synonymous with the Harris Polyjoint system.

Lafarge Road Marking - Thorma-Joint

The aggregate must be heated in a vented or un-vented rotating drum mixer by the use of a hot
compressed air lance (HCA Lance), or a pressure injection torch (PAT Torch). Once the
aggregate has been heated to a temperature of 370°F - 380°F (188°C - 193°C), it is then coated
with a small quantity of binder. One gallon of binder per 100Ib. of stone should be sufficient to
coat the stone.

Pavetech International - Matrix 502

The pre-blended SBG aggregate shall be heated to 275°F - 325°F (135° - 163°C) in a rotating
drum mixer to remove dust and all moisture. The temperature of the aggregate shall be
monitored by using a hand held, calibrated, digital temperature sensor. Add Matrix 502 binder to
the heated SBG aggregates in the mixer in a ratio approximately 1 gallon (8.5 Ibs.) of binder per
50 Ibs. Of SBG aggregate. Minor variation in the amount of Matrix 502 binder added to the
heated SBG aggregate is allowed. The heated SBG aggregate must be completely coated prior to
placement.

Watson Bowman Acme - Wabo®Expandex

Pre-measured granite aggregate, one 40 Ib (18 kg) bag B and one pre-measured granite aggregate
401b (18 kg) bag C is placed in a rotating drum mixer and heated to a minimum of 250°F
(121°C) not exceeding 375°F (190°C). A correct volume, 2.5 gallons (9.5 Liters), of heated
Wabo®Expandex binder, 380°F (193°C) not exceeding 400°F (204°C), is added to this heated
granite aggregate. This blend of elastomeric binder and granite aggregate is mixed for
approximately 3 minutes or until all granite aggregate is coated and there are no “dry pockets” of
aggregate. A hot air lance may be used to maintain the mix temperature on cooler days. Do not
let the mix temperature exceed 400°F (204°C) if applying heat. Never apply direct flame to the
liquid binder. The mixture is ready for placement in the block out.

Wyoming Equipment Sales - A.P.J.

Place the aggregate in the mixers and heat to the recommended pouring temperature of the
binder with HCA lances. The mixers shall be of type recommended by the manufacturer. A
hand-held digital temperature sensor shall be used to monitor the aggregate temperature. Do not
overheat the aggregate. [After gap plate installation] The seal of the bridge joint is now complete
and a stable and flexible wearing surface or matrix must be installed. In order to achieve
stability, the maximum amount of aggregate must be placed in the block out. To achieve the
required flexibility, all the voids in the matrix must be filled with binder. This also ensures the
water tightness of the matrix. Making sure that the aggregate is at temperature, pour the binder
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into the mixer to pre-coat the aggregate and mix thoroughly (normally, one-half gallon, per fifty
(50) pounds of aggregate). Do not add excessive amounts of binder.

3.5.10 Manufacturer Installation Specifications: Placement of APJ Mixture

A.H. Harris - Polyjoint

Fill cut-out section with coated aggregate in one lift slightly above grade of pavement. Compact
Harris Polyjoint system with 2-ton static roller. Apply seal coat of liquid binder to top surface of
Harris Polyjoint.

Lafarge Road Marking- Thorma-Joint

Layers of hot pre-coated aggregate not more than 2.5 inches thick shall be placed in the channel
and immediately covered (with binder) to the level of the coated aggregate. This will ensure that
the 3:1 weight ratio of aggregate to binder has been achieved. Layers shall be raked to ensure
the aggregate is completely coated and that all the air pockets are eliminated. This process shall
cease approximately three-quarters of an inch (3/4”) from the top of the channel. The surface
layer shall be applied as the other layers except that the pre-coated aggregate is not flooded with
binder. The pre-coated aggregate shall be transferred to the joint and leveled slightly higher than
the adjacent road surface. On a standard 2” deep joint, the topcoat should be one quarter inch
(1/4) higher than the road surface. Deeper joints will require higher levels before tamping.
Compaction should take place after the joint has cooled to approximately 225°F (107°C). The
joint surface shall be made approximately level with the existing road surface by using the
vibratory plate or roller. After compaction, lines of 4” tape are placed one inch beyond the joint
width on each side of the joint to ensure evenness of appearance. The joint and at least one inch
of road surface shall be top-coated with the hot binder until the surface is smooth and absent of
voids.

Pavetech International - Matrix 502

To obtain best results, Matrix 502 must be installed in layers. The depth of the joint block out
determines the number of layers (MINIMUMN 3 layers) of coated SBG aggregate that comprise
a complete joint. The final top layer of coated SBG shall be approximately 1/2" thick. All other
intermediate layers of the coated SBG shall be no more than 1-1/2" thick, and will generally be
not less than 3/4" thick. Each layer of SBG should be achieved by placing the hot mixture into
the joint block out and raking level to the desired thickness. Use hot steel rakes to spread and
level the coated SBG aggregate. Apply additional Matrix 502 binder to each layer of coated
SBG aggregate to lightly fill in voids as necessary. (The correct appearance of a completed layer
will show aggregate raised above the binder level). When installing the top 1/2" layer, place the
coated SBG approximately 1/4" above the existing surface to allow for compaction. Compaction
is achieved using a minimum 1-1/2 ton roller perpendicular to and transversely with the joint.
Alternately, a vibratory plate compactor may be used to compact the layered SBG aggregate.

Watson Bowman Acme - Wabo®Expandex

Pour the Wabo®Expandex into the block out to the road surface and level with rakes. Once the
block out is filled, the Wabo®Expandex is to be compacted perpendicular to the joint. A
minimum two-ton, water cooled drum roller is acceptable for this work. Care shall be taken to
ensure that the compaction process does not transfer material to the roller. Water can be used to
prevent this should material transfer occur. The application of water should be kept to a
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minimum. Do not allow the material mixture to cool prior to beginning the compaction
operation. This step should be ongoing during the installation process. Complete final
compaction process by rolling the joint longitudinally.

Wyoming Equipment Sales - A.P.J.

Immediately dump the hot pre-coated aggregate into the joint block out and rake into place in a
layer not to exceed one and one-half inches. Using the rake, pack the aggregate tightly together
assuring that the maximum amount of aggregate is contained in the layer. Immediately pour hot
binder over the layer and slightly agitate with the rake to ensure that all voids are filled with
binder. [Continue layering and flood coat of binder] until the block out is full. The final layer
shall not exceed one inch in depth. Do not fill the voids in the final layer at this point. If the
depth of the joints exceed four inches (4”), it is recommended that it be vibrated with a vibrating
plate compactor near the midway of the joint depth. This must be accomplished prior to flooding
the layer with binder. Use the minimum amount of water required to ensure that the binder does
not stick to the plate. This water must be dried up with a propane torch prior to application of
the binder. This layer should not exceed one inch (1”) in depth. Using a vibrating plate
compactor, as recommended by the manufacturer, interlock the aggregate by running the plate
perpendicular to the joint, a minimum of three (3) times. This will ensure the proper density and
stability of the matrix. The minimum amount of water should be used on the plate to ensure that
the binder does not stick. This water shall be dried up with a propane torch from the surface of
the joint and surrounding areas. Care shall be taken not to oxidize the binder with excess heat.

3.5.11 Manufacturer Installation Specifications: Finish Dressing

A.H. Harris - Polyjoint
Dust the Harris Polyjoint surface with black beauty immediately after seal coat is applied.

Lafarge Road Marking - Thorma-Joint
Immediately after top-coating, an anti-skid material is spread evenly over the joint to eliminate
material tracking (Black Beauty Sand, Medium Grade).

Pavetech International - Matrix 502

The completed joint surface must be carefully heated with a heat lance or hand held torch to a
tack consistency. A thin membrane of hot Matrix 502 binder shall then be applied followed
immediately by broadcasting Matrix D type aggregate at the rate of approximately 3 Ibs. Per
lineal foot over the entire joint length. Partially imbed the D type aggregate by compacting.

Watson Bowman Acme - Wabo®Expandex

After compacting, the Wabo®Expandex is ready for final treatment. The top surface shall be
heated with a hot air lance until the surface becomes tacky. Duct tape should be placed 1” (25
mm) away from the joint edges and parallel to the joint. Pour heated elastomeric binder over the
top surface to form a membrane. Broadcast Black beauty to eliminate possible tackiness. (Do
not use silica sand). The installed Wabo®Expandex joint will be ready to accept traffic once the
joint has cooled to the touch. Minimum cooling time is 1 hour.
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Wyoming Equipment Sales - A.P.J.

Place masking approximately one inch (1) from the edge of the joint on the existing wearing
surface of the bridge. Immediately pour hot binder over the joint surface. Using a squeegee, fill
the voids in the final surface. This may require more than one application in order to fill the
voids to refusal. The final appearance of the joint will show signs of the tops of the aggregate.
Overfilling can cause damage to the top surface of the matrix. Immediately broadcast a fine
aggregate as recommended by the joint manufacturer over the joint surface. Depending on
ambient temperature and joint depth, the joint could be ready for traffic in one-half (1/2) hour.

3.5.12 Manufacturer Installation Specifications: Quality Control/Quality Assurance Procedures

A.H. Harris - Polyjoint
Specification does not list any QC/QA procedures.

Lafarge Road Marking - Thorma-Joint
The Thorma-Joint system is to be installed only by factory trained and certified installation
professionals.

Upon request, certification of materials will be provided. The project engineer may require the
contractor to provide samples during the course of the work for laboratory tests of any or all of
the properties specified.

Pavetech International - Matrix 502
The manufacturer recommends that an installation be closely supervised and performed by
trained personnel.

Watson Bowman Acme - Wabo®Expandex

The contractor shall submit product information and necessary details after the award of the
contract. At the discretion of the Engineer, the manufacturer may be required to furnish a
representative sample of material to be supplied in accordance with project specifications.

Wyoming Equipment Sales - A.P.J.

A qualified W.E.S. employee, or an W.E.S. trained and approved contractor, shall be at the site
prior to the beginning of the joint process, to instruct the work crews in the proper joint
installation procedures. This individual shall remain on the job site for the duration of the
installation.
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4.0 FIELD INSPECTIONS

Existing in-service APJs were field inspected by Umass Dartmouth personnel during various
seasonal temperatures. Each APJ was visually inspected for overall condition, problems, and
mechanisms of failure, if applicable. This data was collected in order to identify the typical
failure modes in each New England state, the conditions associated with failure, and explore if
any relationship between material performance/joint design and joint quality/performance exists.

A total of 64 APJs on 29 different bridges were evaluated for this research throughout the
five New England States (Maine was excluded because they have no in-service APJs). The
breakdown of inspection locations for each state was as follows:

Bridge No. Location City or Town | Number of Joints
03163 Route 160 over 1-91 Southbound Rocky Hill 4
03164 Route 160 over 1-91 Northbound Rocky Hill 4
03507 Route 9 Northbound over Private Berlin 5
Road
03913 Route 71 over Route 72 New Britain 1
1-84 TR over 1-84, Route 72, 372 o
03313 and B&M RR New Britain 10
3399A [-84 West On Ramp Sisson Ave. N/A 1

Table 19: CT APJ Field Inspection Locations and Number of Joints

Bridge No. Location City or Town | Number of Joints
W30025 I-195 West over Sanford Road Westport 2
W30025 I-195 East over Sanford Road Westport 2
N06013 Route 140 North over Braley Road | New Bedford 2
N06013 Route 140 South over Braley Road | New Bedford 2
MO09009 Route 28 over 1-195 Wareham 2
W06053 North Street over 1-195 Mattapoisett 2

Table 20: MA APJ Field Inspection Locations and Number of Joints

Bridge No. Location City or Town | Number of Joints
102/120 Old Route 16 over Branch River Milton 1
123/173 NH Route 27 over NH Route 101 Hampton 2
127/110 Bridge Street over Cocheco River Rochester 1
088/126 US Route 4 over Suncook River Epsom 1
Overflow
NH Route 101 Eastbound over NH .

109/037 Route 125 Epping 1
NH Route 101 Westbound over NH .

109/038 Route 125 Epping 1

Table 21: NH APJ Field Inspection Locations and Number of Joints
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Bridge No. Location City or Town Number of Joints
661 1-95 over Thurbers Ave. Providence 3
310 Route 107 over Clear River Burrillville 1
164 g?cgrc’l Street over Blackstone Lincoln/Cumberland 2

Table 22: Rl APJ Field Inspection Locations and Number of Joints

Bridge No. Location City or Town | Number of Joints
IN 1-93 over VT 18 Waterford 1
1S 1-93 over VT 18 Waterford 1
3N 1-93 over TH NO 12 Waterford 1
3S 1-93 over TH NO 12 Waterford 1
5N 1-93 over THNO 7 Waterford 2
5S 1-93 over THNO 7 Waterford 2
144 US 5/ Passumpsic River Lyndon 4
1 VT 144/ Passumpsic River Lyndon 2

Table 23: VT APJ Field Inspection Locations and Number of Joints

Each of these joints noted in Tables 19 through 23 was visually inspected for the following

distress conditions

Cracking
Debonding
Leaking or

Bleeding (Track out)
Curb/Sidewalk Issues

Leakage

Polished Stone

Raveling

Rutting
Segregation

Spalls

Reflective Cracking

Shoving & Pushing

Please note that inspection for leakage was sporadic due to limited access to the underside of the

joints in many locations.

calculated:
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Percentage of Occurrence
Inspection for ALL New England
Parameter States Inspected
(64 Total APJs)
Bleeding (Track out) 6.3%
Curb/Sidewalk 9.4%
Issues
Cracking 39.1%
Debonding 60.9%
Leaking 9.4%
Polished Stone 1.6%
Raveling 37.5%
Reflective Cracking 0%
Rutting 31.3%
Segregation 14.1%
Shoving & Pushing 15.6%
Spalls 3%

Table 24: Field Inspection Parameter Occurrences for ALL New England States

As can be deduced from the table above, the major APJ distresses in New England are
debonding, raveling, rutting, and cracking. The breakdown of all distress per state is as follows:

Percentage of Occurrence per State Inspected

Inspection CT MA NH RI VT

Parameter (25 Joints) | (12 Joints) (7 Joints) (6 Joints) (14 Joints)
Bleeding (Track out) 4% 0% 0% 50% 0%
Curb/Sidewalk 4% 2504 29% 0% 0%
Issues
Cracking 24% 25% 57% 33% 71%
Debonding 48% 75% 86% 50% 64%
Leaking N/A* 25%* 43%* N/A* N/A*
Polished Stone 0% 0% 0% 17% 0%
Raveling/Track Out 20% 33% 86% 50% 43%
Reflective Cracking 0% 0% 0% 0% 0%
Rutting 28% 33% 43% 67% 14%
Segregation 32% 0% 0% 17% 0%
Shoving & Pushing 16% 8% 43% 33% 0%
Spall 0% 8% 0% 0% 7%

*Not all bridges were inspected from underneath for leakage due to accessibility issues.
Table 25: Field Inspection Parameter Occurrences for EACH New England State

A copy of the field inspection summary for each individual joint is located in Appendix E.
Correspondingly during the field investigations, digital photos were taken of the main distress on
each joint. The following photos summarize some of the extreme occurrences of each distress.
Please note that there were no available pictures of polished stone or reflective cracking.
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TRACK OUT

BLEEDING

Picture #1: Bleeding/Track out on bridge #661 1-95 over Thurbers Ave. Providence, RI

TRACK OUT

BLEEDING

Picture #2: Bleeding/ Track out on bridge #661 1-95 over Thurbers Ave. Providence, RI
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TRACK OUT

BLEEDING

Picture #3: Bleeding/ Track out bridge #03913 Route 71 over Route 72 New Britain, CT

Picture #4: Curb Sealant Issues on bridge #W06053 North Street Over 1-195, Wareham, MA
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LONGITUDINAL
CRACK

Picture #5: Cracking on bridge#144 US 5/Passumpsic River Joint 2 Lyndon, VT

LONGITUDINAL
CRACK

Picture #6: Cracking on bridge#144 US 5/Passumpsic River Joint 2 Lyndon, VT
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TRANSVERSE
CRACK

Picture #7: Cracking on bridge #1N 1-93 over VT 18 North Waterford, VT

LONGITUDINAL
CRACK

Picture #8: Cracking on bridge #088/126 US Route 4 over Suncook River Overflow Epsom, NH
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DEBONDED
EDGE

Picture #9: Debonding on bridge #03163 RTE. 160 over 1-91 Rocky Hill, CT

DEBONDED
EDGE
DEBONDED
EDGE
Picture #10: Debonding on bridge # M09009 Picture #11: Debonding on bridge # W06053
Route 28 over 1-195 Mattapoisett, MA North Street over 1-195 Wareham, MA
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DEBONDED
EDGE

Picture #12: Debonding on bridge #123/173 NH Route 27 over NH route 101 Hampton, NH

DEBONDED
EDGE

Picture #13: Debonding on bridge #03313 1-84 TR over 815 New Britain, CT
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WATER

= o\ NG

EFFLORECENCE

Picture #14: Water staining on bridge#N06013 Route 140 over Braley Road New Bedford, MA

WATER
STAINING

Picture #15: Water staining on bridge#102/120 Old Route 16 over Branch River Milton, NH
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CORROSION
OF GIRDER

Picture #16: Girder corrosion on bridge #102/120 Old Route 16 over Branch River Milton, NH

RAVELING

Picture #17: Raveling on bridge #5N 1-93 over TH NO 7 North Joint #2 Waterford, VT
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RAVELING

Picture #18: Raveling on bridge #W30025 1-195 West over Sanford Road Westport, MA

Picture #19: Raveling on bridge #03507 Route 9 over Private Road Berlin, CT
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RUTTING

Picture #20: Rutting on bridge#N06013 Route 140 over Braley Road New Bedford, MA

RUTTING

Picture #21: Rutting on bridge #109/038 NH Route 101 over NH Route 125 Epping, NH
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SEGREGATION

Picture #22: Segregation on bridge #03313 1-84 TR Over 815 New Britain, CT

RUTTING

SHOVING &
PUSHING

Picture #23: Shoving & Pushing on bridge#109/038 NH Route 101 over NH Route 125 Epping, NH
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SPALL

SPALL

Picture #24: Spalled joint on bridge #W30025 1-195 West over Sanford Road Westport, MA

Picture #25: Spalled joint on bridge#144 US5/Passumpsic River Joint 3 Lyndon, VT
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SNOW
PLOW
DAMAGE

Picture #26: Snowplow damage on bridge #123/173 NH Route 27 over NH Route 101 Hampton, NH

From these field inspections it was concluded that the major material distresses leading to failure
of the joint (leakage) would be debonding and cracking due to the high percentage of their
occurrence in New England. Similarly rutting is of concern, not necessarily because of leakage,
but rather because of poor ride quality over the joint.

5.0 BRIDGE DATA

In an effort to correlate particular distresses conditions to geometric phenomena, Umass
Dartmouth requested bridge plans for each of the bridges that were field inspected. The
parameters that were researched: bridge length, bridge width, span sizes, skew angle, joint width,
joint depth, and special curb/sidewalk details. The results of this work can be seen in Appendix
F.

In addition Umass Dartmouth requested any information on the manufacturer of the existing
bridge joint, installation date, name of installation company, and the ADT/percent trucks on the
bridge. Again, the results of this work can be seen in Appendix F.

From this information an attempt was made to correlate the distress to a specific geometric
parameter or type of joint. However due to incomplete information on many bridges, no
correlation could be attempted. Making any correlation with the available data would result in a
generalization and would have no scientific merit at this time.
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6.0 WITNESSED INSTALLATIONS

As part of this research Umass Dartmouth was able witness demolition of existing APJs and
installation of the new systems in CT and VT. These installations were done by a different
manufacturer in each state, and on a varied number of joints. In VT only one joint was replaced
while in CT four joints were replaced. During the demolition and installation processes
witnessed, Umass Dartmouth noted the following occurrences at one or both of the sites:

1. None of the construction procedures addressed issues existing at the curbs. In many
cases the curb sealant was severely deteriorated and would require replacement to keep
the joint watertight.

2. Inall cases the backer rod in the bridge deck was not replaced; instead the existing backer
rod was left in place and the new system installed.

3. Inone case the state DOT official was not on-site to verify the conditions of the deck
until after the new joint system was already being placed.

4. In one case the installer did not appear, in the opinion of the authors, to know how to
properly operate the equipment. Also, this installer did not check the temperature of the
material being placed into the joint.

5. Inall cases the existing APJ material removed from the joint was not in sufficient
condition to cut cores for further lab testing by Umass Dartmouth. Type and
manufacturer at these installation locations of the existing APJ was also not known.

7.0 LABORATORY TESTING

In order to properly identify the relevant material properties of the APJ, virgin materials were
requested from each approved APJ manufacturer used in the New England states. Initially this
process was fruitless. Due to the proprietary nature of all materials used in an APJ, most
manufacturers were very reluctant to supply materials. However after almost 8 months of
persistence from Umass Dartmouth and the NETC committee, the materials outlined in Section
7.0.1 were obtained. Pictures of these materials in their as received condition can be seen in
Appendix G.

In addition to the virgin material, Umass Dartmouth requested from each New England state core
material from existing joints for material and performance testing. This was requested in lieu of
preparing lab specimens or making a “scaled” joint mold that material could be placed in. The
lab specimen option was negated because no representative compaction parameters could be
established for all APJ manufacturers (i.e. Roller compaction, Superpave gyratory compaction,
number of gyrations, compaction temperature, etc.). The second option of creating a mold that
APJ material could be placed into by the manufacturer was originally negated because there was
insufficient time to create a mold and have the manufacturers place their material. ~ As this
option was thought of in depth, a series of geometric considerations for the mold size made this
option very difficult to be completely unbiased. First and foremost the mold would not be strong
enough, even if cast out of concrete, to support joint rolling with a one-ton compactor as was the
case of Watson Bowman Acme (verbally disseminated to Umass Dartmouth). Secondly, it was
the opinion of Umass Dartmouth that creating a mold of a fixed size and depth may be favorable
for one manufacturer and not for another (i.e. one manufacturer works better at shorter depths
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and one at longer depths). For these reasons and the anticipated costs involved, the attempts to
create APJ material samples were suspended. After discussion with the technical committee it
was decided that drilling core material from existing joints would be the most logical means of
material testing for this report.

Umass Dartmouth was able to obtain limited amount of core material from NH and CT. New
Hampshire supplied 10 cores from three different bridges, all of which were included in the field
inspection portion of this research. Connecticut provided APJ demolition material from an
unspecified bridge. The material was found to be unsuitable for core cutting, and due to its
unknown origin and type, was not tested for inclusion in this report. CT also supplied a limited
amount of field produced APJ loose mix from a Lafarge Road Marking job. However the
amount was too small to complete any significant testing. Pictures of the NH and CT materials
can be seen in Appendix G.

7.0.1 Virgin Material Testing

In an effort to better understand the material specification criteria for the components of the APJ
mixture, Umass Dartmouth contacted each approved APJ manufacturer listed in Table 11 for
virgin samples of aggregate and binder for their systems. From these conversations, Umass
Dartmouth was able to obtain the following:

Manufacturer Material Obtained

Lafarge Road Marking 60lb Box — Binder B/N 0753102101 Part No. 89998801
401lb Bag — Expandex Aggregate “B” Lot N/7247

Watson Bowman Acme 401lb Bag — Expandex Aggregate “C” Lot N/7248

30Ib Box — Expandex Modified Elastomeric Binder Lot P1726

501lb Bag — A.P.A. Basalt Stone

Wyoming Equipment Sales | 5 /5 Binder WES APB Lot 523

Table 26: Virgin Material Obtained for Testing

A gradation analysis of the aggregates received from the manufacturers was performed at Umass
Dartmouth in accordance with AASHTO T11-97(2000) entitled “Materials Finer than 75-um
(No. 200 sieve) in Mineral Aggregates by Washing” and AASHTO T27-99 entitled “Sieve
Analysis of Fine and Coarse Aggregates”. The results of the analysis as well as the
corresponding limits stated by each manufacturer are presented in Table 27 and 28.

Watson Bowman Watson Bowman Wvomina Eauipment Sales -
Acme Expandex Acme Expandex y g =quip
. - A.P.A. Basalt Stone
Size B Size C
% Material Finer than 0 0 0
No. 200 Sieve 0.08% 0.1% 0.45%

Table 27: AASHTO T-11 Results for Virgin APJ Aggregate
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Percent Passing
Watson Bowman Watson Bowman Wvomina Equioment Sales -
Sieve Size (mm) | Sieve Size (in) Acme Expandex Acme Expandex y gEq pl
Size B Size C A.P.A. Basalt Stone

25 1 100 100 100

19 0.75 100 96.6 96.1

12.5 0.5 100 24.9 23.4
9.5 0.375 92.0 4.2 4.3
(No. 4) 4.75 0.187 7.5 0.4 1.1
(No. 8) 2.36 0.0937 0.4 0.4 0.8
(No. 16) 1.18 0.0469 0.3 0.3 0.8
(No. 30) 0.600 0.0234 0.3 0.3 0.8
(No. 50) 0.300 0.0117 0.3 0.3 0.8
(No. 100) 0.150 0.0059 0.3 0.3 0.7
(No. 200) 0.075 0.0029 0.3 0.3 0.7

Table 28: AASHTO T-27 Results for Virgin APJ Aggregate

Percent Passing
UMD Manufacturer UMD Manufacturer UMD Mar]SLi;a;g;u rer
Gradation Stated Gradation Stated Gradation Gradation
Sieve Size Analysis Gradation Analysis Gradation Analysis Wvomin
(in) Watson Watson Watson Watson WES APA Y 9
. . . Equipment
Bowman Size Bowman Size Bowman Bowman Size Basalt
. Sales - A.P.A.
B B Size C C Stone
Basalt Stone
1” 100% 100% 100% 100% 100% -
7/87* - - - - - 95 - 100%
3/4” 100% - 96.6% - 96.1% -
5/8"* - - - - - 30 - 50%
1/2" 100% 90 - 100% 24.9% 90 - 100% 23.4% 10 - 30%
3/8” 92% - 4.2% - 4.3% 0-15%
1/4"* - 0 -15% - 0 -15% - -

* Please note that Umass Dartmouth does not have the 1/4, 5/8”, or 7/8” sieve sizes.
Table 29: APJ Aggregate Gradation Analysis vs. Manufacturer’s Data
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APJ Aggregate Gradation Curves
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Figure 3: APJ Aggregate Gradation Curves

It can be seen from this data that all aggregate material has met the manufacturers written criteria
except for the Watson Bowman Size C aggregate. This aggregate is far out of tolerance for the
1/2" sieve size. It is Umass Dartmouth assumption that the since the gradation limits for the
Watson Bowman Acme Size B & C aggregate are exactly the same, that the Size C gradation
was simply misrepresented in the manufacturers data because of a clerical error. Efforts to
contact Watson Bowman Acme on this issue have been unsuccessful.

In addition to the aggregate testing, the virgin binder material that was received was also tested.
Due to the time constraints and specialized equipment involved, these binders could not be tested
for every parameter in Table 3. It was decided that each of the binders would be tested to
determine the performance grade (PG), if possible. This means of classifying binders came as a
result of work conducted under the Strategic Highway Research Program (SHRP) and is the
designation given to any Superpave asphalt binder being produced currently. In addition to this
Superpave classification test, it was decided to run the Resilience test in accordance to ASTM
D5329 as well. In speaking with APJ industry professionals, many believed that resiliency of the
binder plays a major role in the functional characteristics of the APJ system.

These two tests were not conducted at Umass Dartmouth as originally anticipated. Due to the
unique nature of these binder materials, it was necessary to send the samples to a lab better
equipped to handle such a specialized product. The testing was conducted by Advanced Asphalt
Technologies (AAT), which is an AASHTO accredited laboratory located in Sterling Virginia.
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Umass Dartmouth cut smaller chunks of binder from each box with a reciprocating saw and
mailed them to AAT. The results of their tests are presented in Table 30.

. . Resiliency @25°C | Performance
Manufacturer Binder Information per ASTM D5329 Grade
Lafarge Road Binder B/N 0753102101 0
Marking Part No. 89998801 68% PG88-22
Expandex Modified
Watson Bowman Elastomeric Binder Lot 62% Could npt be
Acme Determined
P1726
\S’\g’é’sm'”g Equipment | g der WES APB Lot 523 18% PG94-22

Table 30: Virgin APJ Binder Test Results

First, the binders tested for resilience met their printed requirements. Lafarge Road Marking
required 40% minimum, Watson Bowman Acme required 60% minimum, and Wyoming
Equipment Sales had no required value. If this value were compared against ASTM and current
available New England State specifications, only the Lafarge Road Markings and the Watson
Bowman Acme binder would suitably meet each requirement. ASTM requires resilience
between 40-70%; CT requires 60% minimum, and MA requires 70% maximum. The Wyoming
Equipment Sales product would meet the resilience requirement for MA only.

Next, AAT subjected each binder sample to a series of tests in accordance with AASHTO R29
entitled, ““Grading or Verifying the Performance Grade of an Asphalt Binder”. The results of
these tests were compared with AASHTO M320 entitled, “Performance-Graded Asphalt
Binder” to determine each binder’s Performance Grade (PG). The PG tests were developed to
determine the binder’s optimum temperature performance range thus leading to better
performing pavement. Each binder is given the following designation: PG XX-YY. The XX
portion represents the average 7-day maximum pavement design temperature, whereas the YY
portion represents he minimum pavement design temperature. In southern New England a
PG64-28 is considered the standard value for a neat (unmodified) binder. This binder is suitable
for pavements with an average 7-day maximum pavement temperature of 64°C and a minimum
of -28°C.

No specific requirement has been published for the PG of APJ binders. The assumption
regarding these binders is that they are highly modified as opposed to conventional neat binders
This modification involves the addition of polymers and associated materials necessary to
increase the PG of the binder. The most significant work available regarding the PG of modified
asphalts results from NCHRP 9-10 entitled, “Superpave Protocols for Modified Asphalt Binders™
conducted by the University of Wisconsin.

Umass Dartmouth consulted the Principle Investigator (PI) of NCHRP 9-10 project when the PG
testing for the APJ materials was completed to get a better understanding of the results. From
the two binders that could be graded, the average 7-day maximum pavement design temperature
was 88°C (PG88-22) for the Lafarge Road Marking binder and 94°C (PG94-22) for the
Wyoming Equipment Sales binder. In talking with PI of NCHRP 9-10, it was his and Umass

65



Dartmouth’s opinion that these numbers appeared valid and almost necessary to keep the APJ
mixture from tracking out of the joint in warmer weather, especially since these systems are
composed of a single aggregate. On the minimum temperature side, both of the binders were -
22°C (PGXX-22). It was Umass Dartmouth and the NCHRP 9-10 PI’s opinion that since
normally a neat binder of PGXX-28 is used in New England, that these binders were not
adequate for the New England temperature conditions. It is suggested that the binders be
adjusted so they grade at PGXX-28 or higher. The current PGXX-22 binders are more prone to
thermal cracking and fatigue. It appears that future adjustments will need to be made in the APJ
binder in order to meet this minimum temperature requirement.

7.0.2 Core Material Testing
As noted previously, Umass Dartmouth received APJ cores from NH. These cores came in
varying sizes (4” or 6”) from three different bridges in this study. Specifically, the following
cores were received:

= Four (4) cores from Bridge No. 123/173 located in Hampton, NH

= Three (3) cores from Bridge No. 102/120 located in Milton, NH

= Three (3) cores from Bridge No. 109/038 located in Epping, NH

The cores from each bridge were taken at different locations along the length of the joint with
some being taken in the shoulder while others in the travel lanes.

When Umass Dartmouth received the cores, it should be noted that there were areas within the
individual cores where it appeared dry (i.e. clean aggregate with no binder coating). Pictures of
some of these cores can be found in Appendix G.

Originally it was intended to use these cores for performance testing, however due to the limited
quantity and poor quality of the cores, it was decided to use them for extraction tests. The
extraction test was used to determine the binder content of each core (per AASHTO T164
Method A) and the approximate gradation (per AASHTO T30). From this data it was hoped that
in-place gradations could be verified and that an approximate binder content for an APJ could be
determined. Again the extraction tests were completed by AAT due to the unique nature of the
binder. The results are summarized in Table 31 through 33. The raw data results from AAT are
available in Appendix H.
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NH Bridge No. 123/173

Sieve Size | Core#l | Core#2 | Core#3 | Core#4 | Average
1" 100 100 100 100 100
3/4" 100 100 100 100 100
172" 99.6 99.6 100 100 99.8
3/8" 90.5 89.2 89.5 92 90.3
No. 4 46.2 44.7 48.1 47.8 46.7
No. 8 14.8 12.2 15.3 134 13.9
No. 16 10.1 7.9 10 8.2 9.1
No. 30 8.2 6.5 8.1 6.8 7.4
No. 50 6.6 5.7 6.9 6.2 6.4
No. 100 5.9 52 6.3 5.8 5.8
No. 200 5.4 4.8 5.8 55 5.4
% Asphalt 18.93 17.15 19.29 17.92 18.3

Table 31: NH Bridge No. 123/173 Core Extraction Data

NH Bridge No. 102/120

Sieve Size | Core#l | Core#2 | Core#3 | Average
1" 100 100 100 100
3/4" 100 100 100 100
172" 98.3 99 98.3 98.5
3/8" 76.1 76 81.7 77.9
No. 4 26.1 33.8 44.4 34.8
No. 8 18.1 21.5 31.6 23.7
No. 16 14.9 16.3 23.6 18.3
No. 30 13.1 13.2 19.3 15.2
No. 50 12.3 12 17.1 13.8
No. 100 11.7 11.2 15 12.6
No. 200 111 10.6 13 11.6
% Asphalt 41.24 38.12 47.21 422

Table 32: NH Bridge No. 102/120 Core Extraction Data
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NH Bridge No. 109/038

Sieve Size | Core#l | Core#2 | Core#3 | Average
1" 100 100 100 100
3/4" 99.3 98.7 94.4 97.5
172" 83.8 82.9 60.5 75.7
3/8" 71.5 70.7 47.2 63.1
No. 4 26.4 31.4 13.8 23.9
No. 8 14.9 16.8 10.7 14.1
No. 16 125 13.5 9.7 11.9
No. 30 111 11.8 9.1 10.7
No. 50 10.1 10.7 8.7 9.8
No. 100 9.5 9.9 8.3 9.2
No. 200 8.9 9.1 7.7 8.6
% Asphalt 19.87 19.14 17.1 18.7

Table 33: NH Bridge No. 109/038 Core Extraction Data

From these results it can be seen that there was minimal variance between core gradations for
any particular one bridge, indicating that segregation issues were not present at these locations.
The percent binder for each of these locations seems consistent as well. The next step was to
compare the gradations to the manufacturers intended gradation as outlined in Table 15.

Bridge No. 123/173 was a Watson Bowman APJ system installed in 1997. The Watson
Bowman Acme system is a two stone system. The gradation requirement of the aggregate
should have a similar average extraction gradation. The comparison is shown in Table 34.
Please note that the extraction method was done chemically so little variance in the gradation is
expected, as opposed to an ignition oven where some of the fines may be consumed as the
asphalt is burned off.

Percent Passing
Watson
Sieve Size Extraction Bowman
(in) Analysis Acme
Expandex
1” 100% 100%
7/8"* - -
3/4” 100% -
5/8"* - -
172" 99.8% 90 - 100%
3/8” 90.3% -
174" - 0 -15%
No. 4 46.7% -

* Please note that Umass Dartmouth does not have the 1/4”, 5/8”, or 7/8” sieve sizes.
Table 34: NH Bridge 123/173 Extraction Gradation Analysis vs. Manufacturer’s Data

As one can tell, the cores taken from NH Bridge 123/173 had significantly more material passing

the 1/4" sieve than was published by Watson Bowman Acme. This may have occurred for
several different reasons. First, since the joint was placed in 1997, Watson Bowman Acme could
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have changed their aggregate gradation for this system since them. Secondly, a mix up could
have occurred in bookkeeping and the joint that is on that particular bridge may not be a Watson
Bowman Acme joint. For the sake of argument, if Watson Bowman Acme manufactured the
joint, this suggests that the aggregate may be broken or crushed by repeated traffic loading. In
any event, a material compliance submission and check must be completed to ensure the material
being placed is indeed the material specified.

Bridge No. 102/120 was a experimental plug joint installed by the NH Bridge Maintenance
group in 1998. This joint was installed using Crafco RS-201 crack sealer and a NH specified
aggregate gradation (This gradation was not available to Umass Dartmouth). Since this joint
was experimental, there are no standards to compare it to.

Bridge No. 109/038 had a system that of unknown origin and installation date and therefore
could not be compared with any manufacturers specification.

In regards to the binder content, the values between Bridge No. 123/173 and 109/038 seem to be
consistent, indicating that a “conventional” APJ will have a binder content around 18.5%. The
cores from Bridge 102/120 are significantly higher at 42.2% on average, but one must bear in
mind that this was an experimental joint with likely little or no emphasis placed on percent
binder relative to aggregate. Thus the assumption made here, that a conventional APJ has a
binder content around 18.5%, is a lofty one and should be verified in the future with cores from a
bridge with known manufacturer and system.

Finally please also note that AAT found a significant amount of crumb rubber particles in the
extracted cores samples. These rubber particles are most likely remnants of the binder
modification procedure. Modifying the performance grade of a binder, in a general sense,
involves the addition of polymers and waste rubbers to raise the PG level. As in the case of these
extractions, the crumb rubber particles indicate that the binders used for these joints systems
were highly modified.

7.0.3 Performance Testing

As part of the performance research presented here, Umass Dartmouth was to develop and
evaluate testing methodologies for the APJ mixture. Originally this included lab testing the
material for indirect tensile strength and field-testing by a simple penetration test.

The field simple penetration test was to be conducted immediately after construction by
taking three readings of a modified cone penetrometer. This test would then be conducted with
the same joint being cooled to a specific temperature with dry ice. Finally the test would be
conducted immediately after re-heating the joint with an infrared heater to the pre-cooling
temperature. After numerous discussions with experts, the field test was omitted due to
concerns that the rapid heating and freezing cycle proposed would stress the material beyond its
capability. Thus another lab test was added as part of this research, which was the rutting
susceptibility of the APJ mixture using an accelerated pavement tester (APT) known as the
Asphalt Pavement Analyzer (APA).

Unfortunately due to the small quantity and poor quality of the core material received, the
performance-testing portion of this research had to be omitted. Lab indirect tensile strength
tests would have required at least two specimens from each manufacturer. The APA test that
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replaced the simple penetration test would have required at least three cores per manufacturer.
All these cores would have need to have been of excellent quality and approximately equal
thickness.

8.0 CURB INTERSECTION DETAILS

No firm literature was available on the proper means to seal a curb joint location at an APJ. In
addition, the survey conducted by Umass Dartmouth concluded that only 25% of the respondents
specify any particular curb details.

As was the case in the New England states, most specifications simply state that the sealant be
installed according to the manufacturers instructions. Some state that the curb sealant should be
a Dow 888 (See Appendix D for data sheet) or approved equal. Therefore the recommendations
presented here are based on field inspections and rule of thumb engineering.

During the field investigations conducted by Umass Dartmouth, many different curb details were
noted in the New England states. Umass Dartmouth has classified them into the following
categories: no curb, standard curb (with or without sidewalk), parapet, sliding plate, and custom
curb detail. Examples of each can be seen in the pictures below.

Picture #27: Parapet Detail on Bridge#03313 1-84 TR over 815 New
Britain, CT
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Picture #28: Parapet Detail on Picture #29: Standard Curb

Bridge#W30025 1-195 West over Detail on Bridge #W06053
Sanford Road Westport, MA North Street over 1-195
Wareham, MA
Picture #30: Sliding Plate Detail on Picture #31: Custom Curb Detail on
Bridge#123/173 NH Route 27 over NH Route 101 Bridge#102/120 Old Route 16 over Branch River
Hampton, NH Milton, NH
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Picture #32: No Curb on Bridge #164 School
Street over Blackstone River Lincoln
Cumberland, RI

Each of these details, at the time of inspection, appeared to be working within the limits of the
sealant. Numerous instances of sealant deterioration and corresponding pealing or pulling from
substrate were noted but no evidence of joint leaking from these areas was noted. In addition
most of the structural elements of the curb appeared intact and functional, with the minor
exception of surface rusting on steel plates as shown on the standard curb detail picture noted
above.

The deterioration of the curb sealant seems linked to harsh weathering conditions, especially
exposure to sunlight, which can dry out the sealant and cause it to become brittle over time.
Excessive bridge movements can compound this deterioration when the sealant becomes brittle,
thus leading to the pulling action from the substrate. There is no real means to mitigate this
sealant deterioration, although many sealants have been designed to resist the harmful effects of
sunlight. Unfortunately most of these sealants are residential grade and may not be applicable to
the harsh condition of a bridge joint.

Umass Dartmouth would recommended that the state DOT’s introduce a maintenance program to
reseal these joints on a periodic basis. An item should be added to the bridge inspection report
to quantify and qualify the condition of the curb areas including sealant issues to keep up with
proper maintenance. In lieu of this, the DOT’s may consider trying to incorporate drainage into
the curb intersection design to remove water that will enter the joint when/if the sealant
deteriorates.

9.0 DEVELOPMENT OF DESIGN GUIDELINES

The design guidelines developed by Umass Dartmouth as a part of this research were
incorporated into three individual documents. The first document was a checklist created for
engineers or joint designers to determine if an APJ was suitable for their specific application.
The second was a summarized material compliance specification for the individual components
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constituting an APJ. The last document created was an installation specification that addressed
all the necessary steps in constructing a quality APJ. It was intended that these three documents
would be used in conjunction with each other to take an engineer from preliminary design phase
through construction. The final copies of these documents are located in Appendix | through K.

Before further elaborating on the these specifications, the following terms need to be more
clearly defined:

Manufacturer - Company that produces and sells the APJ system (i.e. Watson Bowman Acme.)
Contractor - Company or person that installs the APJ system on behalf of the manufacturer and
has been trained to do so by the manufacturer.

Installer - Same definition as Contractor.

Designer or Design Engineer - State DOT or highway department official that is the person
responsible for deciding whether or not to use an APJ.

Field Engineer - State DOT or highway department official that is on-site during the installation
process and responsible for ensuring the joint is placed according to specification.

9.0.1 Asphaltic Plug Joint Suitability Checklist Development

The APJ design checklist was developed by reviewing the manufacturers product data, state
DOT specifications, and talking with professionals in the industry. In comparing all this data, it
was noted that some values are common “standards”. Namely these “standards” were the
maximum allowable joint movement at +1”, joint width at 20”, and minimum joint depth of 2”.

The first addition to this checklist was the elaboration on the minimum depth of the APJ value.
Because of cross slopes and unique curb details, the depth of the APJ may change depending on
where it is measured along the joint (i.e. the joint depth is not constant). Therefore a stipulation
was added that the 2” requirement should be measured at the point of minimum thickness. If 2”
IS not attained, then an APJ is not suitable. Some states consider 3” to 4” as the optimum depth
for an APJ. Finally restrictions needed to be put on maximum depth of installation. Based on
manufacturers data, Umass Dartmouth decided that 6 should be the maximum allowable depth.
This value should be verified by examining in place joints performance with these depths.

The second addition to the checklist was a disclaimer that using APJ where vertical
displacements occur is not advised. From the literature review and talking with industry
professionals, the APJ is not capable of taking vertical movement or end beam rotations. Thus
the APJ is more suitable for shorter span applications where vertical displacements are
minimized. The exact span size will need to be determined by future testing procedures outside
the scope of this project.

Third, the skew angles limitations were elaborated on. The state DOT specifications summarize
that the skew angle should be less than 25°, whereas the manufacturers data suggest that an APJ
can function up to 45°. Thus the checklists was scripted such that all skew angles under 25° are
acceptable, skew angles applications between 25° and 45° should be verified by existing
functional joints of that particular joint system with those angles, and skews greater than 45° are
not allowed.
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Fourth, no DOT specifications addressed proper gradient at the APJ locations. The
manufacturers data suggested that gradients exceeding 4% were not suitable for APJ. Thus, the
gradient was specified at a maximum of 4%.

Fifth, an item was added to address scenarios known to cause rutting and material displacement
of an APJ. These scenarios include APJ near intersections where heavy trucks might stop on top
of the joint and push it out in hot weather and locations at the bottom of negative grades where
heavy trucks will break frequently.

Finally items were added to address the installation conditions and temperature during
installation, as well as the anticipated amount of time the road will need to be closed after the
joint is finished.

The factors listed above should be considered critical when deciding whether or not an APJ s
suitable for a particular application. The engineer must meet all of the criteria on the checklist
prior to considering specifying an APJ for their application.

9.0.2 Asphaltic Plug Joint Material Specification Development

When reviewing materials to develop a material specification, Umass Dartmouth noted that the
state DOT’s and the manufacturers varied greatly on many different aspects. Umass Dartmouth
used not only these specifications but also ASTM specifications and lab testing for this research
to help develop a comprehensive material specification.

First Umass Dartmouth added a item requiring that the contractor submit representative materials
of their systems for outside testing by the DOT lab or a third party lab. The basis for this, as
with most pavement related work, is the majority of any state related bituminous works require
independent verification of the relevant material properties. From the material testing conducted
by Umass Dartmouth for this project it can be seen that not all the material met the
manufacturers data, thus further solidifying the case for additional check testing.

Second the limits for the batch sizes and testing sample sizes required of the manufacturer for the
binder, aggregate and backer rod were stated as outlined in ASTM D6297-01. The manufacturer
should be testing their materials at these batch intervals.

Third the binder requirements were consolidated and update to eliminate the use of any
withdrawn or suspended ASTM specifications. ASTM D3407 was replaced with ASTM
D5329 and ASTM D3405 was replaced by D6690. Umass Dartmouth compared the withdrawn
specifications with the new specifications, and no significant changes could be found. Please
note that ASTM D6297 still refers to the withdrawn specification D3407 and D3405. 1t is
Umass Dartmouth’s opinion that these should be changed to the new specifications and no basis
for referencing the withdrawn specifications could be found. The required property values stated
in specification table for the binder material are as stated in ASTM D6297-01.

Also added to the binder specification was a requirement for the Performance Grade of the

binder. From the lab testing conducted for this report, it was found that the minimum
temperature of the PG grade was not sufficient. Normally neat binders used in New England are
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specified at a grade of PG64-28. However, lab testing showed that these APJ binders are only
PGXX-22. Thus a line item was added that the APJ should be graded and they should be at least
a PGXX-28. No high temperature could be specified as the lab values were above the 64°C
normally specified. In general, the binder used in an APJ should be much higher than a PG64-
XX.

The aggregate material requirements currently issued by the state DOT’s and the manufacturers
seem to be in agreement on stone type (Granite, Basalt, and Gabbro). No specific blend
gradation could be stated since this information is proprietary to each individual manufacturer.
Some use a two stone system, other use a single stone system and each gives a broad gradation
limit that the aggregate must fall within. At this time the best specification that can be written is
that the aggregate must be wet washed (AASHTO T11) and sieved (AASHTO T27) by the DOT
or third party lab in order to verify that it meets the gradation limits printed by the manufacturer.
Additionally, Umass Dartmouth added a requirement from the RI draft specification that stated
the limit on material passing the No. 200 sieve should be less than 0.3% by weight. It is Umass
Dartmouth’s opinion that aggregates with fines in excess of this limit are not “double-washed”.

The backer rod material requirements were updated to conform to Type 2 requirements outlined
in ASTM D5249-95(2000) entitled “Standard Specification for Backer Material for Use with
Cold- and Hot-Applied Joint Sealants in Portland-Cement Concrete and Asphalt Joints™. This
specification appears to be more applicable to the intended application of the backer rod.
Previous outlined specifications like ASTM D1623, D1621 and C509 are only applicable to rigid
cellular plastics and elastomeric cellular gaskets.

Notable changes to the backer rod specification were the deletion of the tensile strength
requirement and extrusion requirement, both of which are not required by ASTM D5249. One
addition was made as well; ASTM D5249 outlines a procedure to quantify the heat resistance
capabilities of the backer rod. The required property values were either summarized as the most
conservative values stated among the DOT specification and manufacturers data or stated values
required by the ASTM specification.

The gap plate requirements were updated to reflect ASTM D6297-01. This specification
includes requirements for not only a steel plate but an aluminum plate as well. It is Umass
Dartmouth’s opinion that the aluminum plates are better suited for applications where a rigid
steel plate is unsuitable. For instance at abutments where the approach or trailing side has a
significantly weaker base than the concrete deck, a steel plate may settle on the weaker side
causing the plate to “rock” or rotate in place over time thus displacing the APJ material.
Additionally aluminum plates may be beneficial in scenarios where the bottom of the block out
cannot be leveled since aluminum can be more easily molded. Umass Dartmouth suggests
additional testing or experimental trials before widespread implementation of aluminum gap
plates.

The required property values for the gap plate were either summarized as the most conservative

values stated among the DOT specification and manufacturers data or stated values required by
the ASTM specification.
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The locating pin requirements were almost universally the same between DOT specifications and
manufacturers data. The only discrepancy was in the declaration of hot dipped galvanized per
ASTM A153. This statement was added for completeness.

The curb sealant data was very sparse. From the available information, it was surmised that the
sealant should be a non-sag silicone joint sealer like a Dow Corning 888. Additionally Umass
Dartmouth added that the sealant must be compatible with asphaltic materials since it will in be
in direct contact with the APJ in certain areas. Also added was a statement that the sealant
should be capable of withstanding the safe heating temperature of the APJ binder since in certain
scenarios the curb sealant may not be replaced at the time of new joint installation, thus leaving it
susceptible to the heat of the binder material. Ideally, the curb sealant in new installations would
be placed after the newly installed joint has cooled completely. These requirements may also
prove valuable in creating new curb details.

The curb backer rod requirements should be the same as for the bridge joint backer rod as stated
in the material compliance specification. In addition the backer rod should be compatible with
the binder material, as well as the non-sag curb sealant.

9.0.3 Asphaltic Plug Joint Installation Specification Development

Converse to the material specification development, less information was available on the proper
methodology for installing an APJ. The specification presented as part of this research was
compiled from the state DOT specifications, manufacturers data, ASTM specifications, and field
observations of APJ installations.

As an overall general requirement of the installation specification, Umass Dartmouth included a
narrative requiring a manufacturers trained representative for both the APJ and curb sealant to be
present throughout the installation process. This item was noted several times in state DOT
specifications. An additional general requirement regarding the installation temperature was
also added. A conservative temperature value of 10°C (50°F) and rising was made the threshold
limit for commencement of construction as stated in the manufacturers data.

The procedure for removing the existing joint material was in principle the same for the DOT
and manufacturers. Umass Dartmouth added an item stating that the existing material should be
dry cut instead of wet cut. Wet cutting will introduce water into the block out area, and this
water may not be dried out entirely by the HCA lance. Water inside the block out could cause
poor adhesion of the APJ material. Thus a line was added to the specification to clarify that only
dry cutting should be allowed. Additionally from the witnessed field installations, Umass
Dartmouth noted that in each case the bridge gap backer rod was not removed and replaced.
Since the existing backer rod is of unknown origin and makeup, it was Umass Dartmouth’s
opinion that this material should be replaced during every joint installation for two reasons.
First, the backer rod may not have enough heat resistance capabilities, thus allowing the hot
binder to leak through the bridge rendering the joint pervious. Secondly the backer rod may not
be of sufficient strength to secure the gap plate in it’s proper location thus leading to shifting
plates and material distress. Therefore the specification was written to suggest that the backer
rod always be replaced, unless the design or field engineer specifies otherwise.
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Similarly from the witnessed installations, Umass Dartmouth noted that no curb repairs were
attempted during APJ installations. Many of these curb locations were in serious disrepair, and it
is Umass Dartmouth’s opinion that they should have been replaced. In order to address this
situation, an item regarding removal of existing curb joint was added to the specification. This
item simply states that the curb sealant and backer rod shall be removed at the same time as the
APJ.

The methodology to prepare the joint block out for the new joint system was almost universal.
Most DOT and manufacturers data agreed that the joint should be cleaned with a Hot
Compressed Air (HCA) lance and small debris should be removed with clean compressed air.
One manufacturer recommended sandblasting, but it is Umass Dartmouth’s opinion that this
methodology will create more debris in the block out (i.e. waste sand) that could lead to
contamination of the joint. Realistically it would be virtually impossible to thoroughly clean the
joint block out after sandblasting has occurred. Two exceptions to the use of sandblasting were
made. Case one would be when the abutting pavement is concrete rather than asphalt. To clean
the vertical asphalt faces of the block out a HCA lance is suitable, however for concrete vertical
faces an HCA will likely not clean suitably. Second, sandblasting may be required to clean the
curb area that will receive the curb joint sealant. A HCA lance will not be able to get to these
areas and hand tools will likely not be enough to clean thoroughly.

Backer rod installation depths varied between the DOT’s to the manufacturers. However, the
ASTM D6297-01 specification outlined an acceptable procedure of placing the backer rod at a
depth not greater than the gap width unless the gap width is larger than 1”” (25 mm) then the
backer road shall be place at 1” (25 mm). Umass Dartmouth added an item similar to the MA
specification regarding eliminating backer rod splices at curb intersections. Avoiding these areas
will better maintain the watertight requirement of the joint in the event water enters the joint.
Umass Dartmouth also added an item regarding the installation of backer rod at the curb joint.
No previous information was available on this item, so the specification was written in a rule of
thumb approach.

One manufacturer suggests using a primer on the vertical and horizontal surfaces of the block
out. Aswas uncovered in the literature review, primer is thought to have an adverse effect on the
vertical bonding capability between the new APJ and existing overlay thus leading to debonding.
Therefore the specification was written to eliminate the use of primers in the joint block out.

The APJ binder heating requirements were summarized from the available manufacturer and
DOT data. Most agree, in general, on the specified installation and safe heating ranges of the
binder. The numbers presented in the Umass Dartmouth specification represent a conservative
value for each. The DOT’s and manufacturers also agreed upon the heating chamber type. The
system needs to be a double-jacketed oil melter equipped with continuous agitation to prevent
localized overheating of the binder. The system should also be equipped with temperature
controls and thermometer(s). Umass Dartmouth added an additional statement regarding not
using infrared thermometers to read binder temperatures because of the existing research
uncovered in the literature review that suggest these thermometers inaccurately measure binder
temperatures.
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There were not any substantial aggregate heating requirements presented by the DOT’s or
manufacturers. Umass Dartmouth expanded on these by adding that the aggregate should not be
heated past the binder installation heating temperature, as the binder may become overheated
when mixed with the aggregate. An additional item was added requiring the aggregate
temperature to monitored with a calibrated handheld infrared thermometer.

The process for tanking the joint was universally agreed upon. Similarly the procedure for
placing the gap plate was universally agreed upon. Umass Dartmouth did elaborate on this item
by addressing the initial layout of the plates to minimize the amount of custom cut plates along
the joint.

The preparation of the APJ mixture differed slightly from one source to another. Umass
Dartmouth added an item addressing the application rate of binder to aggregate by stating per
ATSM D6297-01 that the mixture shall be 68% aggregate by weight. Also Umass Dartmouth
suggests that the aggregate and binder be mixed in a third vessel (besides the binder melter or
aggregate rotating drum). This will help control the application rate of binder to aggregate (as
opposed to dumping one into another) and allow continuous production of mix (as opposed to
cleaning out melter or rotating drum and then restarting the reheating of binder or aggregate
process).

Information on the placement of the APJ mixture was the same in principle between the DOT
and manufacturers. It was suggested that the mix be placed in lifts and covered in binder up to
the top layer, but the lift thickness were not in agreement. Umass Dartmouth suggests that 1-
1/2” be taken as the maximum and 3/4" as the minimum lift thickness based on the approximate
maximum aggregate size.

The placement of the top layer of mixture is also the same in methodology as previously noted,
except that this layer is compacted. No firm agreement was made on the method or type of
compactor. ASTM D6297-01 recommends that the compactor be able to deliver a minimum
centrifugal force of 15kN. Umass Dartmouth added this item to the specification along with the
allowable type of compactors as plate or roller compactors capable of meeting the ASTM
compaction requirement.

The finish dressing of the joint is widely accepted as application of binder to the top layer and
broadcast of anti-tack aggregate onto the hot binder. No significant changes were made to this
section of the specification.

Umass Dartmouth added a section regarding construction joints during stage construction. In
most scenarios the entire joint length is not replaced at one time, rather only a portion is
completed while traffic is re-routed around the construction. Then traffic is re-routed onto the
completed section while the remaining portion of the joint is completed. This process may or
may not be completed on the same day. In any event, the area of the joint between these two
stages should be properly spliced with a construction joint. Umass Dartmouth suggests that
careful consideration is taken in regards to the type and location of this joint, and at no time
should a vertical joint be used. The vertical joint may present itself as a weak area along the
joint susceptible to material distress or water intrusion.
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No information was available on the installation of the curb sealant beyond recommending that a
manufacturer trained person complete the work. Umass Dartmouth added this item along with
suggesting some in joint drainage if possible.

Finally Umass Dartmouth added a brief Quality Control/Quality Assurance section that
addressed required material submissions, documentation of contractor training, submission of
equipment lists, and calibration certificates. It was felt that all these items were necessary to
ensure proper completion of joint installation.

10.0 DEVELOPMENT OF REPAIR GUIDELINES

A draft copy of the Umass Dartmouth developed APJ repair specification is located in Appendix
L. This specification was developed as rule-of-thumb rather than based on any particular testing
or experience. Additionally no literature currently exists regarding the corrective actions for
particular distresses within an APJ system. Moreover and more importantly, no data exists on
methods to properly quantifying the distresses within an APJ.

Without this information, a narrow and defined specification could not be developed. Rather a
more generalized version had to be created in reference to the distresses outlined in the literature
review of this report. The following distresses were addressed:

Bleeding Raveling
Cracking/Reflective Cracking Rutting

Curb Leakage Segregation
Debonding Shoving/Pushing
Leakage Spalls

Polished Stone

The corrective actions were generalized to joint resealing, addition of more APJ mixture, and
joint replacement. Please note that cutting of sections of joint and replacing with new APJ
material was not considered a viable option because of the following reasons:

1. It was Umass Dartmouth’s opinion that this was a very temporary fix and the longevity of the
repair could not be quantified.

2. No data exist on how to build a proper construction joint between old and new sections of this
material. A vertical construction joint may add additional areas of weakness and possible water
intrusion areas.

3. If the existing joint was unidentifiable, Umass Dartmouth was unsure if there would be
compatibility issues between the two different types of APJ systems used within the same joint.
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11.0 CONCLUSIONS

Limited research has been conducted on APJs used in the United States. The majority of the
research has been conducted overseas in Europe. From a comprehensive literature review
conducted for this research and talking with industry professionals, the useful life span of an APJ
is 5 years with the overall cost fluctuating depending on the method of cost measurement.

APJ failure can be loosely defined as the joint’s inability to remain impervious thus leading to
corrosion of the integral bridge components below. This phenomenon is commonly referred to
as APJ leaking or leakage. The literature review revealed that many different material distresses
are common to the APJ mixture, many of which can lead to leaking. These include: debonding,
cracking, reflective cracking, rutting, raveling, shoving/pushing, segregation, bleeding/track out,
spalls and polished stone. The other factors to consider in regards to failure were: individual
material properties, bridge movements, operating temperatures, curb details and installation
methodology.

A series of field investigations were performed by Umass Dartmouth to identify the APJ material
distresses present in the New England states. These inspections were conducted on in-service
bridges in Connecticut, Massachusetts, New Hampshire, Rhode Island and Vermont. The
results of these inspections concluded that debonding, cracking, raveling, and rutting were the
highest occurring distress for New England APJs.

A survey was prepared by Umass Dartmouth and sent to various DOTSs in the United States to
determine the current state of practice with regards to APJs. From this work it was determined
that only 25% of those DOTSs surveyed use APJs, and of those only 8% plan on using them in the
future. Only 8% follow any specification or guideline in regards to designing an APJ. The
majority of those surveyed believe material distress and installation in unsuitable locations lead
to APJ failure. More shockingly, those surveyed do not use any guidelines to define good vs.
poor performing joints or to define the severity of the material distress of the APJ.

A comprehensive review of the current specifications (DOT and APJ manufacturer) currently
being used in New England was also presented as part of this research. Although all contained
sections on material compliance and installation, it was noted that there were major variances in
the degree and accuracy between these documents. Many DOT specifications required that
numerous items be of the type specified by the manufacturer or installed per the their
recommendations. This presented an interesting scenario since each manufacturer’s
specification was different. Also the DOT and manufacturers specifications were not in
agreement on the general conditions of the joint (skew limits, gradient, etc.). Thus as part of this
research Umass Dartmouth developed an APJ suitability checklist to determine if an APJ is
applicable given certain general requirements; a design specification incorporating conservative
values of the current ASTM, New England DOT and manufacturers specifications; an
installation specification incorporating methodologies from ASTM, New England DOT and
manufacturers specifications; and a general repair guideline catered to the material distresses
noted during the field inspection in New England.
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A limited amount of laboratory testing was conducted for this research due to difficulties in
obtaining materials. Virgin aggregates were wet washed and then correspondingly used to
determine their gradation. The gradations were compared to the manufactures printed data, and
the majority fell within the applicable gradation ranges specified. Virgin binder was tested for
Resiliency per AASHTO D5329. Not all of these binders were within the printed limits
published by ASTM, but were within limits published by the state DOTs. Finally, the Superpave
performance grade of these binders was determined in accordance to AASHTO R29. Of the
three binders tested, only two were able to be determined with values of PG94-22 and PG88-22.

Additionally core material testing was conducted to verify in place gradations and approximate
binder content. The analysis showed average core binder contents ranged from 18.3% to 42.2%.
In place gradations were consistent between cores taken on the same joint, however these
gradations did not necessarily meet the manufacturers printed data. This suggests that some
crushing of the aggregate may occur over time due to repeated traffic loading.

Curb details were examined during field inspection, as they are another potential cause for
leakage. Umass Dartmouth classified them into the following categories: no curb, standard
curb (with or without sidewalk), parapet, sliding plate, and custom curb detail. Each of these
details seemed to be structurally sound, with only distress being curb sealant deterioration. Thus
a comprehensive maintenance program on the sealant was defined as the best means to avoid
leakage in these areas.

12.0 RECOMMENDATIONS
In order to enhance the future performance the APJ in New England, Umass Dartmouth has the
following recommendations:

Develop a guideline, similar to the Distress Identification Manual for Pavements published by
the FHWA, to quantify the major APJ distresses. Quantification of these distresses needs to be
made by geometric means (width, length, depth) so that they may be placed into categories such
as low, moderate, and severe. With this information, a more definitive service life can be
determined as well as allowing for development of more specific repair guidelines and intervals.

Review specifications on an annual basis and revise if necessary. As noted during this research,
many of the specifications used withdrawn and replaced ASTM specifications that may not
accurately depict the current state of practice for that particular test. The Umass Dartmouth
developed suitability checklist, design guideline, material specification, and repair specification
should be used as a guide to update the current DOT specifications.

Records of bridge inspections, geometry, and joint replacements should be stored in a database
like GIS or equivalent. As was attempted in this research, a correlation of distresses to a
particular joint system or geometric parameter could not be made due to incomplete data. With
complete data, trends might unfold that suggest the applicable limits of skew angle, traffic
loading, and span lengths for an APJ.

Conduct more material testing. The lab testing presented in this research outlines only a fraction
of the testing that could be done with more resources. First, the function test device developed

81



by the BAM in Germany should developed and used to test APJ systems in New England. This
device is currently the only one that tests a scaled APJ system. Modifications to the device could
be made to vary the skew angles, mixture depths, temperatures, mixture gradations, binder
contents, and binder types to evaluate the joint response. Secondly the debonding test
conducted by the EMPA should be investigated for use in New England. From the Umass
Dartmouth field inspections, the distress with the greatest occurrence in New England was
debonding. This test would give valuable insight on mitigating debonding occurrence in New
England. Finally, in lieu of the other tests outlined, a protocol should be developed to properly
test asphalt mixes (including APJ) that are placed in relatively thin lifts. Currently, no
specification exists for mixes that are placed in such small lifts (=+2”).

Binder material should be tested for its performance grade. As conducted during this research,
the performance grade of the binders was determined. The low temperature minimum was found
to be insufficient at PGXX-22. Normally a neat PGXX-28 binder is used in the New England
region, thus all APJ binders should meet or exceed this requirement. Binders below PGXX-22
are very susceptible to thermal cracking and fatigue. Conversely the high maximum
temperatures were far above the normal PG64-XX. No practical ceiling limit could be applied
from this research, however future research should evaluate binders in order to determine this
range.

The process for binder modification needs to be evaluated. Most binder modifications are
completed by adding polymers and rubbers to an existing neat binder. Each of these polymers is
different and may vary between APJ manufacturers. Thus, the dose of polymer and applicable
heating ranges for the modified binder will be different between manufacturers. As noted in
this research overheating of the binder can be extremely detrimental to the APJ mixture, thus this
item must be investigated more in depth.

The APJ mixtures need to be defined by a Job Mix Formula (JMF). Currently there are only
gradation limits for the aggregate used in an APJ. A JMF needs to be developed and evaluated
for each APJ system, including testing for the optimum binder content for the mix.

Require material compliance submissions. Currently it the assumption that most DOTs do not
have the proper equipment to test the binder material used in an APJ. This item, along with all
the other components of the APJ system, need to be verified by the DOT or an independent lab
and compared with the manufacturers printed data. During the research presented here, there
were scenarios where the materials did not meet the criteria printed on the manufacturer’s data
sheet.

Improve construction supervision. It was noted during witnessed APJ installation for this
research that a DOT representative was not on site during the critical phases of the joint
replacement like cleaning of the joint and placement of APJ mixture. A DOT representative
must be on site to inspect condition of substrates after demolition, monitor material temperatures,
and witness installation procedure to ensure completion according to specifications. Without this
supervision, many shortcuts can be taken by the installer that can lead to premature joint failure.
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Require manufacturer factory-certified installers. Most APJ manufacturers are beginning to
comply with this item right now. Unfortunately in the past there were instances where a certified
installer was someone who purchased the materials from the manufacturer, not necessarily
someone who received any formal training. Because of the APJ unique purpose, the entire
installation needs to be completed by factory-trained professionals who understand the
intricacies of the system.

Explore the use of Ultraviolet (UV) resistant sealants at curb intersections. Sealant deterioration
was the one curb distress noted that could lead to joint failure. UV resistant sealants could
greatly reduce the occurrence of deterioration and increase the amount of time between
maintenance.
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Appendix A
Survey & Results




MUNIVERSITY OF MASSACHUSETTS

=

To: (This is a BLANK copy)

Asphaltic Plug Joint Survey

1. Are Asphaltic Plug Joints (APJ’s) currently used in your state?

2. Does your state follow any specifications or guidelines in regard to design and
use of an APJ system? If so, could you please list.

3. Does the specifications include a criteria for defining a good vs. poor performing
APJ?

4. Does your state specify details at curbs (sealants, backer rod, etc.)?

5. Does your state follow any specifications or guidelines in regard to repair of an
APJ system? If so, could you please list.

6. Who are the approved manufacturers and installers of APJ in your state?

7. What are the predominant pavement distresses that lead to APJ failure in your
state?

8. Are there any guidelines that you use to define the severity and extent of each
distress?

9. Are APJ’s used as replacements of older expansion joint systems or are they only
allowed for new construction?



Asphaltic Plug Joint Survey Comments

1. Are Asphaltic Plug Joints (APJ’s) currently used in your state?
+« We do not use Asphaltic Plug Joints.
++ Georgia DOT Specification section 449 - Bridge Deck Joint Seals does not
include APJ.
Never heard of Asphaltic Plug Joints.
Started using in 1991.
Alabama DOT has no experience with Asphaltic Plug Joints.
Started using more than 10 years ago.
Been used since 1992.
No plans to use APJ's in foreseeable future.
Had test joints that failed. No plans to use in future.
Field trials only.
APJ’s not his field of expertise.
Currently use hot pour concrete pavement joints in new pavement and old
resealing. We are reviewing the need for joint reseal in the future.

X3

¢

X3

%

X3

*

X3

A

X3
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X3

%

3

25

X3

¢

X3

%

X3

*

2. Does your state follow any specifications or guidelines in regard to design
and use of an APJ system? If so, could you please list.
++ Based on span size (for movement range) and skew. Span is limited to 100 feet
and skews less than 30 degrees.
»  We use an approved product list.
APJ’s not his field of expertise

Use AASHTO Design Guide

DS

X3

*

X3

25

3. Does the specifications include a criteria for defining a good vs. poor
performing APJ?
« We are instituting a performance warranty, so we do not define good vs. bad in
the specification. Problem systems have been rescinded.

« APJ’s not his field of expertise.

4. Does your state specify details at curbs (sealants, backer rod, etc.)?
«» APJ’s not his field of expertise.

5. Does your state follow any specifications or guidelines in regard to repair of

an APJ system? If so, could you please list.

+ We specify distresses and required repair method. For debonding, transverse
cracking and rutting-remove and replace affected area. For longitudinal cracking
and perviousness - seal.
Utilize same process as for initial installation. Not all the time. Sometimes crack
sealers are used.

APJ’s not his field of expertise.

Have joint resealing scheduled every 10 years.

R/
0’0

3

25

X3

%

6. Who are the approved manufacturers and installers of APJ in your state?

«» Approved Manufacturers: Deery American Corp.; LaFarge Road Marking Inc.; Watson
Bowman Acme Corp.; A.H. Harris and Sons, Inc.

% A.P.J. by Silicone Specialties Inc.; BJS by Lafarge Road markings; Polyjoint by A.H.

Harris and Sons; Throma-joint by Lafarge Road markings; Wabo Expandex by Watson

Bowman Acme.

Trial Joint was Matrix 502 by Pavetech.

APJ’s not his field of expertise

Attached a list of approved joint sealers. Not APJ manufacturers.

X3

¢

X3

S

X3

*



Asphaltic Plug Joint Survey Comments (Cont’'d)

7. What are the predominant pavement distresses that lead to APJ failure in
your state?

Failures seem confined to either material problems or installation issues. The factors

listed do not seem to have much impact.

Many - Mostly use in areas where not warranted and application problems.

In test joints, material could not take bridge movement. Separation between asphalt

and concrete lead to leakage.

+«+ Pavement expansion/contraction. Corrosion between sliding steel plates causing

them to bond together and restrict sliding movements.

APJ’s not his field of expertise.

Adhesion and cohesion.

R/
0’0
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X3

*

X3

*

3

A

8. Are there any guidelines that you use to define the severity and extent of each
distress?
¢+ Nothing specific. Most problems seem to be rutting (including raveling) and the joint
is repaired when the impact on traffic warrants it.

« APJ’s not his field of expertise.

9. Are APJs used as replacements of older expansion joint systems or are they
only allowed for new construction?

APJ' are used for both rehabilitation and new construction. Failed joints are generally not
replaced in service with APJ's.

Both

If used, could be for both cases.

APJ’s not his field of expertise.

Hot pour is allowed in joint resealing too.

K/
0‘0
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X3

¢

X3

%
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*



Do you currently use asphaltic plug joints (APJs) in your state?

08%

o YES
mNO
O Not Applicable




Do you plan to use APJs in the forseeable future?

O08%

OYES
W 33% ENO
ONot Applicable

O58%




Does your state follow any specifications or guidelines, such as ASTM or AASHTO, in regards to the
DESIGN and use of an APJ system?

O8%

OYES
ENO
ONot Applicable

O75%



Does the specification in your state include criteria for defining a good vs. poor performing APJ?

O0%

OYES
ENO
ONot Applicable

O75%



Does your state specify details at curbs (sealants, backer rod, etc.)?

OYES
ENO
ONot Applicable

8%

067%




Does your state follow any specifications or guidelines in regard to the REPAIR of an APJ sytem?

OYES
ENO
ONot Applicable

O75%



Please list the approved manufacturers, suppliers, and installers of the APJ's in your state.

O Listed Manufacturers
H Did not list manufacturers

O Not Applicable

O67%




What are the predominant pavement distresses or environmental conditions that lead to APJ failure in
your state?

O04%

O58%

O17%

O Installation Issues
B Material Distress
OAPJ Installed in Unsuitable Location

O Not Applicable



Are there any guidelines that you use to define the severity and extent of each distress?

O0%

OYes
H No

O Not Applicable

O67%




Are APJ's used as replacements for older expansion joint systems or are they only allowed for new
construction?

—H00%
—ml0%
O17%

O Replacement Only
0O83% B New Construction Only
O Replacement and New Construction

O Not Applicable
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Appendix C
Asphaltic Plug Joint History




Asphaltic Plug Joint History

Thorma-Joint®

e Originally developed in the UK by Prismo in the late 1970°s. It was the first
asphaltic plug joint on the market.

e First United States installations began in the early 1980’s. Product was originally
installed by Prismo’s own crews ensure a proper and quality installation.

e Prismo became Linear Dynamics, Inc (LDI) in 1988.

e LDI was purchased by Lafarge in 1998 and became known as Lafarge Road
Marking in 2002.

e Product is currently sold as Lafarge Road Marking’s Thorma-Joint and is installed
by Lafarge’s own crews as well as a series of certified installers.

e Originally developed by Koch Pavement Solutions.

e Product gained wide use throughout the U.S. but was eventually sold to Linear
Dynamics in 1996.

e BJS s still used on a regular basis in the Northwest U.S.

Matrix 502®

e Originally developed by Pavetech International.

e Like LDI, Pavetech tried to use their own installation crews wherever possible to
ensure a quality end product.

e D.S. Brown eventually purchased Pavetech International and began marketing the
Matrix system under its own name.

e When the asphaltic plug joint market became too crowded, D.S. Brown divested
the Matrix 502 system and Pavetech once again became a stand-alone business.

Wabo Expandex®

e Originally developed by Watson Bowman Acme.

AP.J.

e Originally developed by SSI.
e Sold to Wyoming Equipment. They currently market the product under their own
name. SSI is no longer affiliated with the product.
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Procedure for
the Installation of

Introduction

Froper Installaticn of Matrix 502 will yield a smocth riding,
watertight expansion Joln capable of absorbing about
1 Inch (25mm) of thermmal movement, strict adherence to
procecdures 15 required to validate the wamranty and to
obtain a proper Matrix 502 Installation. The manufacturer
recormmends that an Installation be closely supenssed
and performed by tralned parsonnel.

Installation Procedures ==

Matrix 502 shall e centered (+/- 1°/725mm) over the
axsting expanslon Jolnt gap to the recommended width
of 20" (S00mm). varlatlon In the width of the joint
may be necessary to accommodate site conditlons as
determinad by the manufacturer andfor enginesar.

Sawe cut the pavement transversaly at the determined
width (normally 10 250mm 2ach side of the expanslon
gap L parallel to the joint gap and remove all material
betwaen the saw cuts, Including the waterproofing, riser
bars, any old expansion Joint material and loose concrate
from the bridge deck. Thiswill form tha bridge Joint block
out. The block out must be cut to a minimum depth of 2¢
(50rmm) In order to obtaln a represantative Installation of
Matrix 502, In some cases, this may raquire scarlfying
of the concrate bridge deck with a small scabbler. Care
should be taken to yield a level joint table consistent with
axlsting site conditlons.

The Joint block out shall be further prepared by cleaning
and drying all horizontal andwvertical surfaces and at least
&" (150mm) of the road surfacing adjacent to the vertical
saw cuts. The use of a hot comprassed alr (HCA) lance or
a hand held torch 15 recommended. If there 15 an Inter-
ruption dua toweather or other causes, the cleaning and
drylng operation 1s to be repeated Immeadiataly bafore
the priming and tanking operation.

If required by the contract, Install pressure rellef dralnage
at this phase of the Matrix 502 Installatlon. (See
spacification—Prassure Rallef Dralnage)

The matrix 502 Binder shall be heated to a minimum of
280°F (193=C), preferably In a double Jacketed oll melter.
The meltar must be equipped with a continuous agltatlon
system, temperature controls and calibrated tharmometars
1o malntain the binder at the manufacturers recommended
tamperature. additionally, a system for accurately deter-
mining the welght of binder dispensed from the melter
shall be avallabla on site.

MATRIX 502

Prior to the tanking procadure, all honzontal and vertical
surfaces of the prepared Joint block out shall be brush
coated or spraved with Matrix Primer. This will assist
adhesion of the Matrix 502 Joint within the block out.

Backer rod capable of withstanding the elevated tempear-
ature of the Binder shall be placed Into expansion jolnt
gaps Ya" (3mm) or wider. Place the backer rod at a minl-
mum depth of 42" (12mm). Pour the binder Into the
axpansion gap, owverfilling the joint gap to allow the
binder to be spread onto the Joint table. The binder will
form a bond breaker between the Joint table and the
aluminum (or mild steel) bridging sections. The aluminum
bridging sections are then centered over the exsting
expansion gap and butt ointed over the entlre Jolnt
lzngth and bedded Into the Matrix 502 Binder.

All prepared, exposed surfaces ivertlcal and horizontal) of
the Joint block cut Induding the aluminum kridging
sactions shall be sealed with the mMatrix 502 Binder. Pour
matrix 502 Binder Into the joint block out and screed to
coat all exposad surfaces. The binder shall achleve 3
minimurm thickness of Y22" (1mm) throughout. The
binder application temperature shall be between 380°F
and 400°F (193°C and 204°C).

The pre-blended SBG Aggregate shall be heated to
275°F —325°F {135°C — 163°C) In a rotating drum mixer to
remcve dust and all molsture, The temperature of the
aggregate shall be monitored by using a hand held,
callbrated, digital temperature sensor. Add Matrlx 502
Bindar to the heated SBG Aggregate In the mibxer In
a ratlo of approcimately 1 gallon (8.5 1bs) of binder per
co |bs. of SBEG Aggregate. MInor varlation In the amount
of Matrix 502 Binder added to the heated SBG Aggregate
I= allowed. The heated SBG Aggregate must be
completely coated prior to placement.

g il

PAVETECH"

International



Installation Procedures

continued...

To abtaln best results, Matrix 502 must be Installed In
layers. The depth of the |joint block out determines the
number of layars (MINIMUM 2 layers) of coated SBG
Agaregate that comprise a caompleted Joint. The final top
layer of coated sBG shall ba approximataly 12" thick. all

other Intermediate layers of coated SBG shall be no more

than 1%z" thick, and will generally be not less than 24"
thick. Each layer of coated SBG should be achleved by
placing the hot mixture Into the joint block out and
raking level to the desired thickness. Use hot steel rakes
1o spread and level the coated SBG Aggregate.

Apply additional Matrix 502 Binder to each layer of
coated SEG Aggregate to lightly fIll Inwolds as necessary.
(The correct appearance of a complated layer will show
aggregate ralsed above the binder level) '"When Installing
the top 12" layer, place the coated SEG approximately
1fa" abowve the existing surface to allow for compaction.
Compaction 15 achleved wsing a minimum 1172 ton roller
perpendicular to and transversely with the |oint.
Altaernathvely, a vibratory plate compactor may be wused to
compact the layered SEG Aggregate. After compaction Is
completed, Matrix 502 should be level with the adjacent
surface. Matrix 502 forms an Interlocking matrix of SBG
Aggregate layers enhancing performanca.

The completed |olnt surface must be carefully heated
with a heat lance or hand held torch to 3 tack
consistency. A thin membrane of hot Matrix 502 Binder
shall then be applied followed Immediataly by broad-
casting Matrix D Type Aggregate at the rate of approxl-
mately 3 |bs. per lingal foot over the entire Joint length.
Fartially Imbed the D Type Aggragate by compacting. A
ratrix 502 expanslon Joint will be ready for trafflc 3060
minutas after completion, depending on Joint depth and
amblent temperature. Clean the job site of packaging
and ather dabris and opan to traffic

Suggested Equipment

for Matrix 502 Installation

Cuantity

* Material melter, preferably double

jacketed oil, 1007200 gallons 1
* Motor driven, rotating drum mixers, 3 CF 3to4
* 1257175 CFM air comprassor 1
* Hot compressed air lance

or hand held torch 1to2
* 50 ft. air hose 1to2
* Concrete sawwith diamond asphalt

cutting blade 1
* Asphalt breaker with chisel attachments F

* Motorized steel drum rollerfcompactor,

minimum 1142 tons

—

= vibratory plate compactor Instead

of drum roller

= 100 b, LPG cylinders with hoses & fittings

= Steal cutting torch

* High prassure alr blowe plpe

* Steal rakes
* Flat end steal scraper

* Stralght edge utllity shovel

* Heavy-duty push broom
+ Stea| bucket, 2 gallon
* Hand tools
# 3 |b. hammer
* 50 chalk line
* GO tape measura
*Wire brushes
® 2 masklng tape rolls
* Box cutter utllity knife

with replacement blades
* Heawy-cluty work gloves

* Heawy-cluty flash llghts
* Equipped tool box
* First-ald kit

Safety Guidelines :

of matarials.

Matrix 502 Bincar,

steo| toed footeear,

binder splashing.

without dalay.

* Do not exceed maximum safe heating temperature
* Do not allow water 1o come Into contact with

= Wear sultable protective cothing such as long
pants, long sleeved shirts, heavy-duty glowves, and

* Face shlalds are recommendad If windy conditions
ara prevalent or If thare Is a danger of hot

* If hot material comes Inte contact with skin, do
not remove. Immerse the affected area In cold
whater iImmediately and obtaln madical treatmeant

= Wear ear plugs durng perled of high nolse levels.

1
3to4
1
1
104
21032
2
2
21032
2
1
2
2
3
3
&
4
1
1

1.800.544.7737 » www pavetech-intl.com
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Appendix E
Inspection Results
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Bridge Data










Appendix G
Material Pictures




Lafarge Road Markings Virgin Binder: 60lb Box B/N 0753102101 Part No. 89998801

Watson Bowman Acme Virgin Binder: 30lb Box Expandex Modified Elastomeric Lot P1726




Wyoming Equipment Sales Virgin Binder: 30lb Box WES (SSI) APB Lot 523

Watson Bowman Acme Virgin Aggregate: 40lb Bag Expandex “B” Lot N/7247




Watson Bowman Acme Virgin Aggregate: 40lb Bag Expandex “C” Lot N/7248

Wyoming Equipment Sales Virgin Aggregate: 50lb Bag A.P.A. Basalt Stone




NH Bridge 102-120 Cores Milton, NH (Not All Cores Shown)




NH Bridge 109-038 Cores Epping, NH (Not All Cores Shown)




NH Bridge 123-173 Cores Hampton, NH (Not All Cores Shown)




CT APJ Demolition Material (Source and Manufacturer Unknown)




CT Supplied Field Produced Mix (Lafarge Road Markings Product)
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Binder and Core Extraction Test Data
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Asphaltic Plug Joint Suitability Checklist

Umass Dartmouth created this checklist as part of the research work conducted in NETC 99-2 “Evaluation of
Asphaltic Expansion Joints” project. It is intended that this document will allow design engineers to
accurately determine if an APJ is suitable for their application. This is only a guideline and the capabilities of
a particular system should be verified with the manufacturer prior to specifying.

Maximum allowable anticipated joint movement is £1” (¥25mm) or 2” (50mm) total. (Note: If using Watson
Bowman Acme product allowable movement is £3/4" (+19mm) or 1-1/2" total.)

Minimum joint installation depth is 2” (500mm). This value should be measured from the top of the deck to
the top of the pavement overlay at the point of minimum thickness along the joint. An installation depth of 3”
to 4” is considered optimum is some states. Joint installation depths of 6” or more should be verified by the
manufacturer prior to specifying.

Standard joint width is 20”. Joint widths greater than 20” should be verified with manufacturer before
specifying.

APJ are not suitable in locations where there are anticipated vertical displacements at the joint locations.

Skew angles up to 25° are acceptable. Skew angles between 25° and 45° are acceptable upon verification of
previous field trails where the manufacturer joint system has functioned properly. Skew angles over 45° are
not acceptable.

Maximum acceptable gradient at the joint location is 4%.

Joint should not be installed near intersections or other areas where trucks might brake on top of the joint
including along large negative grades.

Joint should only be installed in ambient conditions where the temperature is 4.4°C (40°F) and rising. The
adjacent road surfaces should be dry prior to installation of the joint.

Completed joints may be opened to traffic after a minimum of 1-1/2 hours after completion of the joint
system. This time value may increase in warmer weather, as the joint will take longer to cool.
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Asphaltic Plug Joint Design Material
Specification

Umass Dartmouth, as part of the NETC 99-2 research project entitled “Evaluation of Asphaltic
Expansion Joints™, has developed the following material specification for asphaltic expansion joints.
Many of the items listed here are summarized from ASTM D6297-01 entitled “Standard Specifications
for Asphaltic Plug Joints for Bridges™. The latest revision of this ASTM specification should be
consulted before using this document

This specification addresses the material conformance and acceptance requirements for the constituents
of an Asphaltic Plug Joint (APJ) system. Namely this document refers to the binder, aggregate, backer
rod, locating pins, and steel plate used in a typical APJ system. This specification does not address all
safety issues involved with its use. It is the duty of the user to make sure that he/she is in compliance
with all health and safety regulations prior to using this specification.

Manufacturer Required Testing

The binder used for the APJ system shall be tested for all the requirements outlined later in this
document. The manufacturer shall test, at a minimum, 1.4kg (31bs) of binder per every batch.
ASTM has defined a one batch as a maximum of 19, 100 kg (21 tons) of binder material.

The aggregate used in the APJ system shall be tested for the requirements noted later herein at a
rate of 23kg (51 Ibs) per batch size of 20,000kg (22 tons).

Finally the backer rod sample size shall be 300mm (12”) per batch size of 305m (1000ft) per
ASTM specification and tested for the properties noted later.

Material Submissions

In addition to the manufacturers required testing, the contractor/supplier will be required to submit
representative APJ materials for use on the specific project in question one month prior to
commencement of work. At this time the data results sheets for the manufacturers test will also be
supplied. The design engineer and/or a third party testing lab will, at their discretion, test these materials
as outlined in this specification and compare the results for conformance to the manufacturer’s data as
well as well as any ASTM or AASHTO specifications. On the first day of work, the field or design
engineer will be given adequate quantities of material samples to compare with the pre-construction
samples. Also the lot, batch or otherwise identifying sample origination number for all materials used
for that specific location will be supplied on the first day of work.

At the discretion of the design engineer, the project may be suspended if the proper sample materials
submissions and data are not submitted and/or the materials test results show the material does not meet
the requirements presented here. Also, the project may be suspended if the materials used during



construction are not of the same type as the sample material submission. The project may resume after
the materials have been properly evaluated by the engineer/engineer’s authorized testing lab or the
originally submitted and approved materials are used

Binder Requirements

The requirements for the APJ binder samples are summarized below. Please note some variances
between these test procedures and those outlined in the ASTM specification. The test procedure
identification numbers were update to omit the use of withdrawn specifications.

ASTM
Test Test Test Condition Required Property Value
Procedure
Softening Point D36 N/A 83°C (min.)
Tensile Adhesion D5329 N/A 700% (min.)
Ductility D113 @ 25°C (77°F) 400 mm (min.)
Penetration (Non-Immersed) D5329 @ Zfsgg(g P, 7.5 mm (max.)

Low Temperature @ -18°C (0°F), 200g,

Penetration® D5 60s 1.0 mm (min.)
Flow D5329 5h @ 60°C (140°F) 3.0 mm (max.)

- o o 40% (min.)
Resiliency D5329 @ 25°C (77°F) 70% (max.)
Asphalt Compatibility D5329 N/A PASS
Flexibility D5329 @ -23°C (-10°F) PASS

3 Cycles @ -7°C
Bond (Non-Immersed) D6690 (+20°F) 100% PASS
Elongation

Recommended Installation 182°C -199°C
Temperature N/A N/A (360°F-390°F)
Safe Heating Temperature N/A N/A 199°C - 216°C

(390°F - 420°F)

LASTM D6297 requires a modification to the D5 test method for the low temperature penetration test. A penetration
cone conforming to ASTM D217 is used instead of a standard penetration needle. The total moving weight of the
cone and attachments shall be 150.0+£0.1 g. Pour the APJ binder into three (3) 177-mL tins. The tin dimensions
shall be 69 mm in diameter by 44 mm deep. Condition the specimens and penetration cones at 18°C for at least 4
hours. Make penetration determination on the 120° radii, halfway between the center and outside. Report results as
an average of three results.



In addition, it is highly recommended that each prospective APJ binder be graded in accordance
with AASHTO R29 entitled, “Grading or Verifying the Performance Grade of Asphalt Binder”

and AASHTO M320 entitled, “Performance-Graded Binder”. Binders should have a maximum
temperature performance grade well above PG64-XX and a minimum temperature performance

grade of PG XX-28.

Aggregate Requirements

Aggregate used in the APJ should be Granite, Basalt, or Gabbro. This aggregate should be crushed,
double-washed, and dried. These aggregates should be placed by mass into waterproof packaging prior
to delivery to the jobsite.

The APJ aggregates blend gradations are proprietary to the manufacturer; hence no specific gradation
requirements can be stated. However, each aggregate test sample should be wet washed in accordance
with AASHTO T11 and then sieved per AASHTO T27. The values obtained from these tests should be
compared with the manufacturers printed data for conformance. Additionally, the material passing the
No. 200 sieve after the wet wash should be no more than 0.3% by total weight of the aggregate.

The broadcast stone for anti-tack surface dressing should be Black Beauty or other aggregate acceptable
to the design engineer.

Backer Rod Requirements

The backer rod shall be cylindrical closed cell foam (polyethylene) capable of withstanding the
safe heating temperature of the binder, 199°C - 216°C (390°F - 420°F). The backer rod diameter
shall be 25% to 35% larger than the joint opening. In addition the backer rod shall conform to all
requirements for Type 2 backer rod as outlined in ASTM D5249-95 (2000). This specification
outlines the following individual requirements:

ASTM Test .
Test Procedure Required Property Value
Density D545 32kg/m® (2.0 Ibs./ft%) min.
Water Absorption D545 0.03 g/cc by weight (min.)
Compression, 50% D545 91.7 kPa (13.3 psi)
Recovery D545 99.21%
Heat Resistance D5249 Less than 10% Shrinkage

Gap Plate Requirements
The gap plate shall be mild steel conforming to ASTM A36/A36M or aluminum conforming to
ASTM B209. These plates shall conform to the following requirements:




Parameter Required Property Value

Galvanized Per AASHTO M111 or M232
Thickness 1/4" (6.5 mm) min.

Width 8” (200 mm) min.

Length 4’ (1.2 m) min.

1’ (300 mm) Center-to-
Center Along Centerline of
Plate

Locating Pins Pre-drilled
Locations

Locating Pins Requirements
Locating pins shall be 16d common nails or larger. These nails shall be hot dipped galvanized
per ASTM A153.

Curb Sealant

Curb sealant shall be a non-sag silicone joint sealer (like Dow Corning 888 or approved equal).
Sealant must be compatible with asphaltic materials and capable of withstanding the safe heating
temperature of the binder in applications where the curb joint is not removed. In applications
where a new curb joint will be installed, the bridge joint should be allowed to completely cool
before attempting installation of the curb sealant. In addition the backer rod should be
compatible with the binder material, as well as the non-sag curb sealant.

Curb Backer Rod
The backer rod for use at the curbs shall meet the requirements stated for the expansion joint
backer rod previously outlined in this specification.




Appendix K
Asphaltic Plug Joint Installation
Specification




Asphaltic Plug Joint Design Installation
Specification

Umass Dartmouth, as part of the NETC 99-2 research project entitled “Evaluation of Asphaltic
Expansion Joints™, has developed the following installation specification for asphaltic expansion joints.
This specification does not address all safety issues involved with its use. It is the duty of the user to
make sure that he/she is in compliance with all health and safety regulations prior to using this
specification.

General
Any contract documents that contradicts the contents of the specification will supersede this
specification.

It is strongly recommend that a representative of the APJ manufacturer and the curb joint sealant
manufacturer (where applicable) shall be on-site during the applicable construction processes.
These representatives should be on-site to insure that the installation goes according to
specification and that any field changes are promptly brought to the field or design engineer’s
attention.

Construction should not commence during inclement weather or when the ambient temperature
dictates. The temperature should be at least 4.4°C (40°F) and rising at the time of installation.

Removal of Existing Joint System or Pavement Overlay

Pilot holes should be drilled along the existing joint or pavement overlay to establish the appropriate
cutting depth with minimal impact to the concrete deck. The approximate centerline of the bridge
expansion gap should be located and a pair of parallel lines offset 10” (for a 20” wide finished joint) on
either side with a chalk line. The exact joint dimensions shall be as described on the contract drawings.
The material should be DRY saw cut along the two offset chalk lines at the depth established from the
pilot holes (Note: WET saw cutting is not allowed). This saw cut should not significantly pierce the
underlying concrete deck.

The existing material, including waterproofing, down to the concrete deck should then be removed with
hand and pneumatic tools. The bridge deck should then be inspected and any defects noted should be
brought to the attention of the field or design engineer PRIOR to commencement of new joint
installation. The degree and methodologies for repair of defective areas will be as decided by the design
or field engineer and contractor. Additionally all joint geometry shall be checked against the contract
drawings to ensure proper clearances for new joint system.



Finally the existing backer rod shall be removed from the bridge expansion gap. Although not
recommended, the existing backer rod may be left in lieu of new backer rod at the discretion of the field
or design engineer only.

Removal of Existing Curb Joint

Where specified, continuous vertical curb joints shall be prepared immediately after the bridge joint
demolition. Existing sealant and backer rod shall be removed with care taken to avoid damage to the
concrete substrates.

Preparation for New Joint

After removal of existing joint system, the trough or block out must be cleaned and prepared to accept
the new joint system. The horizontal and vertical surface of the joint block out should be cleaned and
dried using a Hot Compressed Air Lance (HCA) capable of producing flame retarded air stream at a
temperature of at least 1100°C. The lance’s blast orifice shall be capable of producing 1 MPa of
pressure (145 psi). In addition the 6” (150 mm) of abutting pavement overlay on both sides of the block
out shall be cleaned with the HCA. Any remaining small debris shall be removed with clean
compressed air.

The block out sides and base (A.K.A. a table) shall be inspected again for defects and any noted shall be
brought to the attention of the field or design engineer. The base shall be LEVEL between both sides
of the bridge expansion gap. If the base is not approximately level, the field or design engineer shall be
consulted prior to any additional construction. The sides of the block out shall be vertical and clean with
no loose material after inspection.

Due to contamination possibilities, sandblasting is not recommended as an alternate to using a HCA for
asphalt pavement overlays as outlined previously outlined. At the discretion of the engineer and
contractor, sandblasting may be used or required for concrete pavement overlays that abut the block out.

Concurrent to the block out cleaning, the curb joint location shall be cleaned of any scale, dirt or debris.
Areas where the sealant will be applied need to be thoroughly cleaned of any foreign matter including
rust from any steel plates. Sandblasting may be required to clean these areas properly. This process
should be completed before cleaning and preparing the bridge joint block out.

Installation of Backer Rod

The new backer rod shall be placed in the bridge expansion gap at a depth no greater than the width of
the gap opening. In the vent that the gap is greater than 1” (25 mm), the backer rod shall be placed 1”
(25 mm) into the gap. Backer rod shall be placed such that no splice occurs at curb intersections or
areas where large geometric changes occur in the deck. Bridge deck backer rod should be placed in a
manner to continue into and under the curb areas if possible.

Curb backer rod shall be placed after the bridge joint backer rod. Placement into the curb gap shall be
dictated by the standards set by the curb sealant manufacturer or contract documents. In lieu of these
standards, at a minimum, the backer rod shall be placed at a uniform depth as necessary to allow for
placement and tooling of sealant. Additionally it shall be placed to mimic the existing geometry of the
curb or parapet.



Priming of Surfaces

Priming of any surfaces surrounding the block out is not recommended. Priming may be required in
curb sealant areas. Care should be taken to avoid introducing these primers into the block out areas that
will receive the APJ system.

Heating of Binder

The binder shall be heated to the recommended installation temperature range, generally 370°F - 385°F
(188°C - 196°C). The binder should NEVER be heated past the safe heating temperature, generally
400°F (204°C). Binder that is overheated shall be discarded and not used for installation. It is the
responsibility of the contractor to properly dispose of any overheated binder.

To better ensure that binder will not be overheated, it should be heated in a double jacketed oil melter
equipped with a continuous agitation system. Additionally, the melter unit should have built in
temperature controls and thermometers that can accurately maintain the binder temperature in the
installation temperature range. The thermometers shall be calibrated prior to use and the contractor may
be required proof of calibration to the engineer prior to commencement of work. At NO time may
binder temperatures be checked by the use of infrared handheld thermometers.

Heating of Aggregate

Aggregate should be heated in a rotating drum mixer separate from the binder material. Heating can be
done utilizing a HCA or another approved method. The temperature of the aggregate shall not exceed
the installation temperature range of the binder 370°F - 385°F (188°C - 196°C) and be monitored with a
calibrated handheld infrared digital thermometer. If the aggregate is heated past the acceptable range,
the aggregate will be allowed to cool before the introduction of binder. Additionally the aggregate must
be heated and mixed until the majority of the dust in the aggregate is dispersed.

Tanking of Joint

Immediately after cleaning the block out, it shall be tanked with the heated APJ binder. The binder shall
be in the installation temperature range when placed into the block out. All vertical sides and base (or
trough) shall be coated with binder. Additionally, the gap between the top of the expansion joint backer
rod and base should be filled with binder as well. Additional tooling may be required to have and even
consistent amount of binder on the base and vertical sides.

Placement of Gap Plate

Prior to tanking the joint, the steel or aluminum gap plates should be laid out along the joint length.
Plates should firmly abut each other with no overlap in plates or gap space between. Plates shall be laid
out in order to maximize the number of full plates and minimize the amount of custom cutting. Any
cutting operation shall be performed away from the cleaned joint block out.

Once tanking has occurred, the plates shall be immediately placed centrally over bridge expansion gap
into the hot binder. The plates should then be fixed with the locating pins hammered through the pre-
drilled holes in the plates into the backer rod below. Once the plates are secure, the entire plate and
base of the block out shall again be coated with hot binder.



Preparation of APJ Mixture

The heated aggregate and binder shall be mixed together to ensure a minimum of 68% aggregate by
weight. It is recommended that the aggregate and binder be mixed until thoroughly coated in a third
vessel as opposed to the aggregate heating drum or binder melter. Heating in this manner will help
ensure control over the rate of binder to aggregate and facilitate constant production of mix with little to
no downtime between batches.

Placement of APJ Mixture

APJ mixture shall be placed into the block out in lifts. It is recommended that a minimum of three lifts
be attempted. Lifts should be no more than 1-1/2” thick and not less than 3/4" thick. Intermediate lifts
of equal thickness will continue up to 3/4” to 1/2" below the top of the block out. These lifts shall be
first placed and then raked. Hot binder is then applied to the top of each intermediate layer to eliminate
the void space.

The top layer commences where the intermediate layers terminate. APJ mixture should be placed in the
block out until it overflows 1/4" to 1/2", or enough to compact the joint level with the pavement overlay.
This layer is then compacted transversely and longitudinally with a plate or roller compactor capable of
delivering a minimum centrifugal force of 15kN. The joint should NOT be allowed to cool prior to
compaction. As joint depth increases, intermediate compaction may be required.

After compaction, 1” to 2” of the pavement overlay on each side of the joint should be cleaned and dried
with the HCA. Care should be taken to avoid heating of the top layer of APJ mixture.

The top layer of APJ mixture and recently cleaned pavement overlay areas are then screed immediately
with hot binder to fill ALL surface voids. Tape should be placed down on the pavement overlay to
create a professional finish.

Finish Dressing of Joint
Immediately after binder application to top layer and adjacent pavement overlay, a broadcast stone
should then be applied to the joint surface.

Construction Joints

If construction joints are necessary between APJ mixture placements along one joint (i.e. stage
construction), every effort must be made to ensure this is not a vertical joint located in a travel lane or
other area which may cause weakness in the final bridge joint. Thus, careful consideration should be
taken when deciding the type of this joint and location.

Installation of Curb Sealant

Curb sealant shall be installed at the curb locations after installation of the new APJ system since not all
existing sealant may be capable of withstanding the binder installation temperature. A professional
trained by the manufacturer shall install the sealant. Additional means of in joint drainage may be
considered at the time sealing to alleviate any water intrusion.

Quality Control/ Quality Assurance Procedures
Manufacturer and contractor shall supply all materials and certification forms necessary to verify
material compliance for all components of the new joint system.




Manufacturer shall provide written documentation stating that a majority of the members of the
contractor (installer) team have been properly trained in APJ installation by their organization.

Contractor shall provide field or design engineer a list of equipment intended for use during the joint
construction process.

Contractor shall have copies of all calibration certificates for thermometers on-site should the engineer
request them.
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Asphaltic Plug Joint Repair Specification

Umass Dartmouth, as part of the NETC 99-2 research project entitled ““Evaluation of Asphaltic
Expansion Joints™, has developed the following repair specification for asphaltic expansion joints.

Since no firm repair guidelines have ever been written for an APJ, the following matrix of corrective
actions and limits is based on rule-of-thumb rather than testing or past experience. Please note that no
corrective action involves cutting sections of the joint out and replacing areas within the joint. It is the
opinion of the authors that this type of correction could be performed as a temporary fix only.

Distress Corrective Action

1. Minor bleeding should be monitored.

Bleeding 2. Major bleeding should be corrected by replacing the joint.

1. Minor cracking can be corrected by sealing temporarily with
binder material.
2. Severe cracking should be corrected by replacing the joint.

Cracking/Reflective
Cracking

Existing curb sealant and backer rod should be removed and
Curb Leakage substrates re-cleaned. New backer rod sealant should be installed
by a trained professional.

1. Minor debonding (i.e. small width of opening, small length) can
be corrected by sealing temporarily with binder material.

Debonding 2. Severe debonding (i.e. large width opening and long length) can
be corrected by replacing the joint in its entirety.
Leakage Leakage onto any critical bridge components should be corrected

by replacing the entire joint.

Polished stone should be monitored and corrected by sealing with

Polished Stone . .
binder material when necessary.

Raveling should be monitored and corrected by sealing with binder

Ravelin .
g material when necessary.

1. Minor rutting not significantly affecting ride quality should be
Rutting monitored until a severe condition exists.
2. Severe rutting should be corrected by replacing the joint.

1. Segregated areas at the time of installation should be
immediately removed and replaced.

2. Segregated areas discovered post-installation should be
monitored and have the joint replaced if necessary.

Segregation

1. Minor shoving/pushing not significantly affecting ride quality
should be monitored until a severe condition exists.

2. Severe shoving/pushing should be corrected by replacing the
joint.

Shoving/Pushing

Spalls Spalls may be corrected by filling with APJ material.
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