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Transportation Institute (TTI). This report does not constitute a standard, specification, or
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endorsement of those products or manufacturers. The results reported herein apply only to the
articles being tested. The delineator crash tests were performed according to TTI Proving Ground
quality procedures and according to TTI/Florida Department of Transportation (FDOT) Research
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSTIONS TO SI UNITS
Symbol When You Know Multiply By  To Find Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft cubic feet 0.028 cubic meters m?3
yd? cubic yards 0.765 cubic meters m?3
NOTE: volumes greater than 1000L shall be shown in m?3
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton”) Mg (or “t”)
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSTIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm?2 square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? Square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces oz
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet fts
m?3 cubic meters 1.307 cubic yards yd?
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or “t") megagrams (or “metric ton”) 1.103 short tons (2000Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM
E380. (Revised March 2003)
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CHAPTER 1. INTRODUCTION

1.1 BACKGROUND

Delineators have four main parts: the retroreflective sheeting (required for nighttime use),
the post (can be various colors), the mechanism that connects the post and the base (typically a
proprietary component). Figure 1.1 shows these parts that comprise one delineator.

Retroreflective sheeting \

Post

\

Mechanism
Base \

\

Figure 1.1 Delineator Parts

When installed, there are two additional considerations: the attachment method (connects
the base to the pavement) and the pavement. Any of these components may fail when the
delineator is struck. Based on past efforts, the researchers developed a list of failure modes,
which are described below:

Sheeting failure: The retroreflective sheeting is damaged from abrasions or tearing and
is not providing sufficient retroreflectivity at night.

Post failure to restore: The post is kinked or ruptured above the connection to the
mechanism. This usually occurs around vehicle bumper height.

Post failure at connection: The post is fractured near the bottom where it connects to the
mechanism. This includes failures where the post is completely missing from the

mechanism.

Mechanism failure: The proprietary connection has failed and no longer keeps the post
erect.
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Base failure: The base (or mechanism housing) may potentially become fractured. While
conceivable, this type of failure has not been seen in past research efforts.

Attachment failure: The attachment has become completely separated from either the
base or the pavement.

Pavement failure: The entire delineator is missing and a portion of the pavement is also
missing.

1.2 INITIAL TESTING OF DELINEATOR PRODUCTS

Delineators have become popular across the United States and are being used in several
different applications with unique impact conditions and/or impact frequency. Recently, the
Texas and Florida Departments of Transportation (TxDOT and FDOT) developed a categorical
testing specification for evaluating the impact performance of delineators for given applications,
including express lane markers (ELMs). The researchers focused on developing a reproducible
test method and attempted to reproduce failure modes witnessed through field observations. The
researchers also attempted to optimize the testing standard to minimize the cost and effort to
evaluate the products.

1.3 SUMMARY OF STANDARD TESTING PROCEDURE (/, 2)

Delineators under consideration must be installed on a concrete or asphalt pavement
surface at a laboratory listed on FHWA’s list of “Laboratories Accredited to Crash Test Roadside
Safety Hardware.” Each test deck should consist of eight samples installed in two parallel lines
with four samples in each line. A maximum of 200 vehicle impacts per sample should be
performed. A tire impact should be performed by the vehicle impacting the sample with the
centerline of the sample aligned with the centerline of the vehicle tire. A bumper impact should
be performed by the vehicle impacting the sample with the front bumper at the '5-point of the
vehicle. To pass the evaluation criteria when mounted on a concrete surface, the delineators must
meet and be able to withstand two minimum requirements: 1) 150 tire impacts, and 2) 45 bumper
impacts. Additional testing must be performed to develop a minimum requirement for
delineators tested on an asphalt surface.
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CHAPTER 2. IMPACT TESTING PROCEDURE

TTI researchers developed the following testing procedure and product specification

under TxDOT study 0-6772-11 and FDOT Project No. 605601, The procedure utilized in the
testing that is detailed in this summary report is summarized below:

2.1

2.2

2.3

2.4

24.1

2.4.2

243

PURPOSE

To define a standard method for evaluating a managed lane marker’s impact performance
with the intention of qualifying products that will minimize long-term maintenance costs.
SCOPE

Primary offices affected by this procedure include the State Materials Office (SMO),
State Construction Office (SCO), District Construction Offices (DCO), District Materials
Offices (DMO), and Resident Construction Offices (RCO).

BACKGROUND

This standard was developed to provide a fair, efficient, and repeatable method of
evaluating the impact performance of a Managed Lane Marker.

MANAGED LANE MARKER SPECIFICATIONS

These specifications are necessary to unify critical design and aesthetic properties of the
managed lane markers.

Dimension Requirements

The post shall have a minimum width of 2 inches perpendicular to traffic flow and
generally provide a height of 36 inches above the pavement surface.

Color Requirements

The post shall be opaque white. The yellowness index shall not exceed 12 when tested in
accordance with ASTM D1925 or ASTM E313. The daylight 45°, 0° luminous
directional reflectance shall be a minimum of 70 when tested in accordance with ASTM
E1347.

Retroreflective Sheeting Requirements

The retroreflective sheeting shall be Types IV or V and meet the requirements of Section
994 and shall be constructed of a reboundable material as defined in ASTM D4956 S2.
The retroreflective sheeting shall have a minimum projected area of 18 square inches.
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2.5.4.2

TR No.

Exhibit DA-7

Attachment Method

Attachment methods are not restricted. Each attachment method and product will be
individually considered, tested, and qualified.

IMPACT TESTING

All products shall be individually tested and qualified at an approved testing facility. All
products must be tested using the same post, base, attachment method, hardware, and
epoxy used in the field. Testing facilities will follow testing methodology described
herein.

Approved Testing Facilities

Testing shall be performed by a laboratory listed on Federal Highway Administration’s
(FHWA’s) list of “Laboratories Accredited to Crash Test Roadside Safety Hardware.” A
full list of approved labs can be found on FHWA’s website at:
http://safety.thwa.dot.gov/roadway_dept/policy guide/road hardware/laboratories/.

Samples

A minimum number of 9 samples will be randomly selected and submitted to the selected
lab for evaluation. One sample will be used for dimensional verification and material
properties testing. Generic drawings and material specifications will be submitted along
with samples.

Drawings

Generic drawings shall be provided. The generic drawings of the product shall include
the following minimum dimensions: overall height, post wall thickness, post diameter,
attachment method, base diameter, and base height.

Verification of Material and Dimensional Properties

One sample will be randomly selected for additional destructive lab testing to
verify/document material and dimensional properties.

Dimensional Verification

One sample will be utilized to verify that the product is constructed according to
drawings provided and to gather additional dimensional information that may not
have been provided in generic drawings.

Material Property Testing

The same sample used for dimensional verification will be utilized for destructive
testing to document material and physical properties of the post. Below is a list of
laboratory tests to be performed:
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Test Name ASTM Number Criteria

ASH Test D5630 Documentation Only

Density and Specific Gravity D792 Documentation Only

Tensile Strength and Elongation D638-08 Documentation Only

Accelerated Weathering G154-06 Documentation Only

Daylight Luminance E1347 See Section 1.5.2
Attachment Methods

All attachment methods/products shall be evaluated for impact performance. The
evaluation is product specific and equivalencies are not permitted. A minimum of
four samples of each product shall be tested.

Retroreflective Sheeting

All retroreflective sheeting shall be evaluated for impact performance. The evaluation
is product specific and equivalencies are not permitted. A minimum of four samples
of each sheeting material shall be tested.

2.5.5 Installation

2.5.5.1

2.5.5.2

2553

2554

This section will describe how the test installation shall be constructed. Samples
should be grouped together by product model, attachment method, and by sheeting
type to simplify evaluation.

Vertical Installation Tolerance

All samples shall be installed within 1 degree of vertical prior to the first impact.

Tire Impacts

Half of the samples shall be installed such that the impact vehicle’s front tire will
traverse the base.

Bumper Impacts

Half of the samples shall be installed such that the impacting vehicle’s bumper will
contact the post as the vehicle passes over without the base or post coming in contact
with the tire.

Orientation of Samples

Manufacturer has the option of defining the front face (0 degree) of the sample. If the
manufacturer does not define the front face, then the lab will use reasonable
judgement to determine the front face. Half of the bumper and half of the tire impact
samples will be installed with the front face perpendicular to the path of the impacting
vehicle (0 degree). The remaining samples will be rotated 25 degrees. The testing lab
will determine which direction of rotation (clockwise or counterclockwise) is more
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critical. Impact testing will be performed on the more critical direction of rotation.
The lab will evaluate the effect of bumper interaction with the post and base. The
samples will be installed such that the more critical orientation is tested. The more
critical orientation is one that potentially induces more interaction with the vehicle
and presents the higher risk of sample failure during testing.

2.5.5.5  Multiple Configurations of Samples

If multiple configurations of the same product are tested (i.e., different attachment
methods or sheeting), an equal number of bumper and tire samples shall be installed
for each configuration. Additionally, an equal number of 0 and 25 degree samples
shall be installed for each configuration. The maximum number of samples that can
be tested at one time is 12. If more than two attachment methods are proposed, the
number of samples tested at one time can be increased at the testing facility’s
discretion with the addition 4 or more delineator samples to qualify each untested
method. Should the number of attachment methods exceed the testing facility’s
ability to test, then testing can be performed on a separate set of samples at a later
time.

2.5.5.6  Spacing of Samples

Samples will be installed in two parallel lines. One line will correspond to bumper
impacts and the other will correspond to tire impacts. The spacing of these lines will
be determined by the testing laboratory and shall ensure no interaction between any
two samples on the test deck.

2.5.6 Test Vehicle

The test vehicle should meet 1100C requirements set in current American Association of
State Highway and Transportation Officials (AASHTO) Manual for Assessing Safety
Hardware (MASH) with the following exceptions. The vehicle model year shall be within
10 model years of the date the test is performed. No vehicle instrumentation is required.
Vehicle modifications described in TTI/TxDOT Report 0-6772-1 shall be followed (2).
Additional modifications are allowed if it can be reasonably demonstrated that they will
not adversely impact the results of the testing.

2.5.7 Impact Conditions

For repeatability and unification of impact conditions across multiple products, all testing
shall be performed under the following conditions.

2.5.7.1 Temperature

All impacts shall occur at an ambient temperature above 81°F.

2.5.7.2  Impact Speed

All impacts shall occur at a target impact speed of 70 mph +5 mph. A test sequence
that has 60 percent or more of impacts less than 70 mph should be considered invalid.
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To verify the speed of the vehicle a digital speedometer is mounted on the windshield
of the vehicle as seen in Figure 2.1. This digital speedometer was GPS verified to
ensure the accuracy of the speed reading.

Figure 2.1. Edge Insight Monitor.

2.5.7.3 Evaluation Criteria

The lab will monitor and document list/lean, damage to post/base, damage to
retroreflective sheeting, and failure to restore to an upright position.

2.5.7.4  Sample Failure Criteria

A sample shall be considered failed should it not restore within 15° of vertical in any
direction. The sample should also be considered failed should the sample rupture
(>50 percent of cross section) or if it should become detached from the test surface
(partially or fully). The lab shall observe the performance of the samples during
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testing and shall halt testing should a sample appear to not restore within 15° of
vertical. Samples are allowed up to 5 minutes after the last impact to fully restore.
Testing shall be postponed until all samples are deemed within 15° of vertical or the
suspect sample is deemed failed.

Sheeting

While there is no specific requirement for sheeting performance, the performance and
abrasion resistance shall be documented through photos as described in Section 1.6.9.

Documentation

The following categories define the minimum amount of documentation required to be
provided as part of the report or in addition to the report. Additional information can be
provided should the manufacturer or testing laboratory desire to do so. Samples should be
numbered so a reviewer can easily determine which product is being reviewed and
whether the product is being impacted by the vehicle bumper or tire. All sample
components should be labeled using this numbering method to aid in identifying samples
after testing is completed (should further study be required).

Material Classification

Generic material properties provided by manufacturer shall be included in the report.
Drawings

Generic drawings as described in Section 2.6.3 shall be included in the report.
Material Property Testing Results

All material property testing reports shall be included in the report.
Video Documentation

Standard rate video shall be provided to document each impact performed. The
impact number shall appear within view of the camera and shall not be added to the
view after testing has been completed using video editing techniques. Failure to
comply with this requirement will invalidate the testing results.

Photo Documentation

Extensive photo documentation shall be performed during testing. This includes
documentation of the test installation, test vehicle, and test samples after the
following impact numbers:

Prior to 1% impact

After 1% impact

After 5™ impact

After 10" impact

After 50" impact
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After 100™ impact
After 150™ impact
After 200" impact

Upon failure of any test sample, testing shall stop and the condition of the sample at
the time of failure shall be documented. When documenting each sample, the
following photos should be taken: photo of identifying label for test sample, frontal
face of sample, any newly observed damaged to sample, and a close up image of the
retroreflective sheeting to document sheeting loss or damage.

Photo Table

A table of photos shall be included in the report for each sample tested. Each table
should include an image of the frontal face of the sample, any newly discovered
damage to the sample, and a close up image of the retroreflective sheeting. This table
shall have an entry for each of the impacts described in Section 2.6.8.5 of this
standard.

Written Documentation

A written test log should be maintained documenting the progression of the testing
and documenting any failures.

List/Lean

A log of list and lean shall be maintained for inclusion in the test report. List/lean
shall be measured as shown in Figure 2.2. List and lean shall be documented after the
following impacts:

Prior to 1%
impact
After 1% impact Lean
After 10™
impact
After 100 List List
impact
After 200™
impact Lean

Figure 2.2. Measurement of List/Lean.

2.5.8.7.2 Damage to Test Sample

A log of damage to samples should be maintained and shall include the impact
number when the failure occurred and a description of the failure mode.
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2.5.8.8  Average Number of Impacts Resisted

The testing lab shall calculate an average number of impacts resisted for: all samples,
bumper impacts only, and tire impacts only. The resulting numbers shall be included
in the final report.

2.6 RE-EVALUATION

Should impact testing result in product performance the lab or manufacturer deems is not
an accurate representation of the product’s actual performance; the manufacturer has the
option to resubmit the product for re-evaluation. The product can be reevaluated only one
time without a significant change to the product to address failure modes witnessed in
previous testing. When re-evaluating impact performance of a product, a minimum of
nine samples of each attachment method and sheeting shall be evaluated.

2.7  REQUALIFICATION

As impact durability of managed lane markers is directly tied to the profile and design of
the impacting vehicle’s bumper, it is recommended that products be requalified every
10 years.
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CHAPTER 3. IMPACT DURABILITY TESTS

3.1. TEST FACILITY

From July 13, 2017 through October 26, 2017, TTI researchers performed nine impact
durability tests at Texas A&M Transportation Institute (TTI) Proving Ground. Figure 3.1 shows
the overhead view of the facility. The yellow line in Figure 3.1 represents the vehicle test path
(approximately 0.8 mile loop). The blue, red, and green lines represent various locations used for
sample testing. All test samples for this task were installed in the red and blue outlined areas
(Asphalt and Concrete Surface Testing Area).

3.2. TEST INSTALLATION AND CONDITIONS

All tests for this task were installed on a Florida Standard Open Grade Friction Course
(OGFC) or a Concrete surface. A detail of the TTI asphalt test deck can be found in Appendix
A. Each test deck consisted of eight samples installed in two parallel lines with four samples in
each line. One line of samples was positioned to receive bumper impacts. The second line of
samples was positioned to receive tire impacts. A total of 200 vehicle impacts per sample were to
be performed. A tire impact consisted of the vehicle impacting the sample with the centerline of
the sample aligned with the centerline of the vehicle tire. During a tire impact, the vehicle tire
traverses the sample. A bumper impact consisted of the vehicle impacting the sample with the
front bumper at the “4-point of the vehicle. The bumper and tire impacts were performed
simultaneously in a single pass of the vehicle. The vehicle was traveling at a nominal speed of
70 mph when impacting the samples, and at an ambient temperature greater than 81°F.
Photographs and list/lean measurements were taken according to previously described testing
procedures. These procedures are detailed in Chapter 2 of this report.

3.3. MATERIAL SAMPLING RESULTS

According to the procedures specified in Section 2.5.4, material and dimensional tests
were conducted on a random sample for the nine different product submissions. Different labs
were used to perform the required material testing. Documentation of the material testing for
each random sample can be found in Appendix B. The documentation for the dimensional
testing and verification for each product can be found in Table 3.1. For each product a random
sample was selected and cut to measure the wall thickness at four locations (A, B, C, and D)
around the circumference of the post.
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Figure 3.1. TTI Test Facility.
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Table 3.1. Wall Thickness Measurements for Product Samples.

Wall Thickness (in)

A B C D
Pexco City Post Glue Down Sample
_ White Post 0.134 0.145 0.150 0.143
Pexco City Post Surface Mount
Mechanical Anchor Sample 0.156 0.143 0.150 0.143
Pexco City Post Surface Mount 0.139 0.127 0.142 0.140
Anchor Cup Sample
Pexco City Post Glue Down Sample 0.151 0.142 0.137 0.145
— Orange Post
Safe-Hit Dura-Post Surface Mount 0.157 0.152 0.152 0.159
Epoxy Sample
Flexstake 780 Series 9-inch Round
Base Surface Mount Sample 0.118 0.147 0.140 0.128
Flexstake 780 Series 10-inch x 24-
inch Base Surface Mount Sample 0.144 0.130 0.122 0.132
Safe-Hit Dura-Post Surface Mount
Mechanical Anchor Sample 0.140 0.184 0.180 0.146
eNdoto Evelux Post Sample - Epoxy 0.167 0.157 0.173 0.181
eNdoto Evelux Post Sample —
Mechanical Anchor 0.163 0.155 0.161 0.157

3.4. IMPACT DURABILITY TEST NO. 607531-02-1

3.4.1 Pexco City Post 8GD360RG101 Glue Down Sample — Epoxy

Test No. 607531-02-1, performed on July 17, 2017, was an impact durability test on
36-inch Pexco — Davidson Traffic Control Products’ City Post 8GD360RG101 Glue Down
Samples secured with FIRMmarker™ #18M900C20 2-part epoxy adhesive on asphalt. Detailed
diagrams of the test samples and test layout can be found in Figures 3.2 and 3.3. Figure 3.4
shows images of the test sample setup and impact vehicle at the beginning of testing. Figure 3.5
shows the test setup and impact vehicle after testing was completed. No particular orientation
was specified for the samples due to the symmetry of the delineator post.

3.4.2 Impact Performance

Test No. 607531-02-1 yielded the results shown in Table 3.2. For the Pexco City Post
8GD360ORG101 Glue Down Sample, seven samples failed to resist 200 impacts. A failure to
restore to within 15 degrees of vertical was observed for delineator #4B on run 3, delineator #3B
on run 10, delineator #1B on run 54, delineator #2B on run 60, delineator #2T on run 168, and
delineator #3T on run 189. Delineator #1T had a tear of more than 50% of the cross on run 189.
Delineator #4T completed all 200 runs. Ambient temperature was greater than or equal to 82°F
throughout the conducted test.

The primary mode of failure was fracturing of the samples near the base and exceeding
the maximum allowable degree of list/lean.
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Figure 3.3. 607531-02-1 Sample Details.
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Figure 3.4. 607531-02-1 Delineators and Test Vehicle before Testing.

Figure 3.5. 607531-02-1 Delineators and Test Vehicle after Testing.

Table 3.2. Test No. 607531-02-1 List/Lean Values.

# Before Run #1 Run #10 Run #100 Run #200 Failure
List | Lean| List | Lean| List |Lean| List | Lean| List | Lean|Run# Mode
1T 89 89 89 89 % 87 89 86 ) ) 189 Tear of Post near the base (more than 50%
of cross section)
1B 90 89 89 87 89 86 - - - - 54 |Failure to restore due to fracture near base
2T 89 89 89 89 89 87 88 86 - - 168 |Failure to restore
2B 89 89 89 87 89 86 - - - - 60 |Failure to restore due to fracture near base
3T 89 89 89 89 90 89 88 86 - - 189* |Failure to restore
3B 89 89 89 87 - - - - - - 10 |Post completely torn from base
4T 89 89 89 88 90 87 88 85 88 85 - |No failure
4B 89 89 89 87 - - - - - - 3 |Failure to restore due to fracture near base
Other Notes:
Run 24, 61, 79, 96, 102, 139, 159, 173 under 70 mph
T3 run 24 failure to restore (restored to 88 list and lean)
114°F surface temperature at 2:05 p.m.
132°F surface temperature at 4:25 p.m.
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3.5. IMPACT DURABILITY TEST NO. 607531-02-2

3.5.1 Pexco Surface Mount City Post SM360RG101 Sample — Mechanical Anchor

Test No. 607531-02-2, performed on September 20, 2017 and September 22, 2017, was
an impact durability test on 36-inch tall Pexco 8SM360RG101 mechanical anchor samples
secured with BOLTHOLD™ Asphalt Anchors Model SP-10. Detailed diagrams of the test
samples and test layout can be found in Figures 3.6 and 3.7. Figure 3.8 shows images of the test
sample setup and impact vehicle at the beginning of testing. Figure 3.9 shows the test setup and
impact vehicle after testing was completed. Each sample was secured with four bolts, equally
spaced. Samples #1T, #1B, #3T, and #3B were positioned with the centerline of the sample
parallel to the impact vehicle path. Samples #2T, #2B, #4T, and #4B were positioned with the
centerline of the sample turned 25 degrees clockwise from the line parallel to the impact vehicle
path.

3.5.2 Impact Performance

Table 3.3 documents the list/lean and failure modes witnessed under Test No.
607531-02-2. All eight of the samples failed to resist 200 impacts. A failure to restore to within
15 degrees of vertical was observed for delineator #2B on run 74, delineator #4B on run 87,
delineator #3B on run 108, delineator #3T on run 110, delineator #4T on run 124, delincator #2T
on run 140, and delineator #1T on run 190. Delineator #1B completely tore from the base on run
95. Ambient temperature was greater than or equal to 82°F throughout the conducted test.

The primary mode of failure was fracturing of the samples near the base and exceeding
the maximum allowable degree of list/lean.
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Figure 3.8. 607531-2 Delineators and Test Vehicle before Testing.

Figure 3.9. 607531-2 Delineators and Test Vehicle after Testing.

Table 3.3. Test No. 607531-02-2 List/Lean Values.

# Before Run #1 Run #10 Run #100 Run #200 Failure
List |Lean| List |Lean| List |Lean| List |Lean| List | Lean|Run# Mode
1T 90 90 90 90 89 90 88 87 - - 190 |Failure to restore due to post fracture
1B 89 90 89 90 90 85 - - - - 95 |Post completely torn from base
2T 90 90 90 90 89 89 88 86 - - 140 |Failure to restore
2B 89 89 90 90 90 87 - - - - 74 |Failure to restore / fracture near base
3T 89 89 89 90 90 89 89 87 - - 110 |Failure to restore due to post fracture
3B 89 90 89 88 88 86 88 83 - - 108 |Failure to restore
4T 89 90 89 90 90 89 89 87 - - 124 |Failure to restore
4B 90 89 90 88 90 86 - - - - 87 |Failure to restore / fracture near base
Other Notes:
Runs 151-190 prformed on 2017-09-22
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3.6. IMPACT DURABILITY TEST NO. 607531-02-3

3.6.1 Pexco Surface Mount City Post Sample — Anchor Cup

Test No. 607531-02-3, performed on July 18, 2017, was an impact durability test on
36-inch Pexco City Post Samples secured with embedded anchor cups. Detailed diagrams of the
test samples and test layout can be found in Figures 3.10 and 3.11. Figure 3.12 shows images of
the test sample setup and impact vehicle at the beginning of testing. Figure 3.13 shows the test
setup and impact vehicle after testing was completed.

3.6.2 Impact Performance

Table 3.4 documents the list/lean and failure modes witnessed under Test No. 607531-02-
3. Seven of the samples failed to resist 200 impacts. A failure to restore to within 15 degrees of
vertical was observed for delineator #1B on run 1, delineator #3T on run 3, delineator #2B on
run 14, delineator #3B on run 19, delineator #4B on run 20, and delineator #4T on run 91.
Delineator #2T completely tore from the base on run 3, and delineator #1T completed all 200
runs. Ambient temperature was greater than or equal to 82°F throughout the conducted test.

The primary mode of failure was exceeding the maximum allowable degree of list/lean
and post fracture near the base.
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Figure 3.12. 607531-02-3 Delineators and Test Vehicle before Testing.

Figure 3.13. 607531-02-3 Delineators and Test Vehicle after Testing.

Table 3.4. Test No. 607531-02-3 List/Lean Values.
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3.7. IMPACT DURABILITY TEST NO. 607531-02-4

3.7.1 Pexco City Post 8GD360RG101 Glue Down Sample

Test No. 607531-02-4, performed on September 19, 2017, was an impact durability test
on Pexco City Post §GD360RG101 Glue Down Samples secured by E-BOND 1240/1241 2-part
epoxy adhesive, 8 each on concrete and 8 each on asphalt. Detailed diagrams of the test samples
and test layout can be found in Figures 3.14 through 3.16. Figures 3.17 and 3.18 show images of
the test sample setup and impact vehicle at the beginning and after the testing on the concrete
surface. Figures 3.19 and 3.20 show the test setup and impact vehicle at the beginning and after
the testing on the asphalt surface.

3.7.2 Impact Performance

Table 3.5 documents the list/lean and failure modes witnessed under Test No.
607531-02-4. Seven of the Pexco City Post SGD360ORG101 Glue Down samples failed to resist
200 impacts. Post fracture and/or failure to restore to within 15 degrees of vertical was observed
for delineator #5B on run 10, delineator #7B on run 14, delineator #8B on run 76, delineator #4B
on run 82, delineator #1B on run 84, delineator #3B on run 104, delineator #2B on run 154.
Delineator #2T, #3T, #4T, #5T, and #7T had a tear of more than 50% of the cross section on runs
169, 98, 134, 198, and 98, respectively. The posts of delineators #6B, #8T, and #1T separated
from the bases on runs 8§, 15, and 22, respectively. Delineator #6T completed all 200 runs.
Ambient temperature was greater than or equal to 82°F throughout the conducted test.

The primary mode of failure was tearing of the post approximately one foot above the
base and fracture of the post at the base.
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Figure 3.17. 607531-02-4 Delineators and Test Vehicle before Testing (Concrete Surface).

Figure 3.18. 607531-02-4 Delineators and Test Vehicle after Testing (Concrete Surface).

Figure 3.19. 607531-02-4 Delineators and Test Vehicle before Testing (Asphalt Surface).
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Figure 3.20. 607531-02-4 Delineators and Test Vehicle after Testing (Asphalt Surface).

Table 3.5. Test No. 607531-02-4 List/Lean Values.

3.8. IMPACT DURABILITY TEST NO. 607531-02-5

3.8.1 Safe-Hit Dura-Post™ Sample — Surface Mount Epoxy

Test No. 607531-02-5, performed on July 13, 2017, was an impact durability test on
36-inch Safe-Hit Dura-Post™ Samples. The base was secured to the asphalt surface using
SHEPX-13-K1 epoxy for the first four posts (#1-2) and FIRMmarker™ #18M900C20 2-part
epoxy adhesive for the second four posts (#3-4) according to manufacturer’s instructions.
Detailed diagrams of the test samples and test layout can be found in Figures 3.21 and 3.22.
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Figure 3.23 shows images of the test sample setup and impact vehicle at the beginning of testing.
Figure 3.24 shows the test setup and impact vehicle after testing was completed.

3.8.2 Impact Performance

Table 3.6 documents the list/lean and failure modes witnessed under Test No. 607531-02-
5. Four samples failed to resist 200 impacts. Delineators #2B, #3B, and #4B separated from the
bases on run 22. A failure to restore to within 15 degrees of vertical was observed for delineator
#1B on run 25. Delineators #1T, #2T, #3T, and #4T completed all 200 runs. Ambient
temperature was greater than or equal to 82°F throughout the conducted test.

The primary mode of failure was post separation at the base. This was mainly caused by
the pin tearing through the bottom of the post.
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Figure 3.23. 607531-02-5 Delineators and Test Vehicle before Testing.

Figure 3.24. 607531-02-5 Delineators and Test Vehicle after Testing.

Table 3.6. Test No. 607531-02-5 List/Lean Values.

# Before Run #1 Run #10 Run #100 Run #200 Failure

List | Lean| List | Lean| List |Lean| List |Lean| List | Lean|Run# Mode
T 89 90 90 87 89 87 87 87 85 84 No failure
B1 90 89 90 89 89 89 - - - - 25 |Failure to restore - 52°
T2 90 89 89 88 88 85 86 80 85 79 No failure
B2 90 89 89 87 86 82 - - - - 22 |Post separated from base
T3 90 89 88 87 88 86 86 83 84 82 No failure
B3 90 89 90 87 87 83 - - - - 22 |Post separated from base
T4 90 89 89 90 89 89 87 84 85 81 No failure
B4 90 90 89 87 90 86 - - - - 22 |Post separated from base

Other Notes:
Run 2 and 114 under 70 mph
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3.9. IMPACT DURABILITY TEST NO. 607531-02-7

3.9.1 Flexstake 780 Series 9-inch Base Tubular Surface Mount Sample

Test No. 607531-02-7, performed on September 4 and September 18, 2017, was an
impact durability test on Flexstake 780 Series 9-inch Base Tubular Surface Mount Samples
secured to the concrete and asphalt surfaces using E-BOND 1240/1241 2-part epoxy adhesive, 8
each on concrete and 8 each on asphalt. Detailed diagrams of the test samples and test layout can
be found in Figures 3.25 through 3.27. Figures 3.28 and 3.29 show images of the test sample
setup and impact vehicle at the beginning and after testing on the concrete surface. Figures 3.30
and 3.31 show the test setup and impact vehicle at the beginning and after testing on the asphalt
surface.

3.9.2 Impact Performance

Table 3.7 documents the list/lean and failure modes witnessed under Test No.
607531-02-7. Testing was discontinued after Run 127, per Sponsor’s request. Thirteen of the
Flexstake 780 Series 9-inch Base Tubular Surface Mount samples failed to resist 127 impacts.
Delineators #2T, #4T, and #7T completed all 127 runs. All remaining delineators either tore or
partially pulled off the base. Ambient temperature was greater than or equal to 82°F throughout
the conducted test.

The primary mode of failure was tearing of the posts near the bolt connections.
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Figure 3.28. 607531-02-7 Delineators and Test Vehicle before Testing (Concrete Surface).

Figure 3.29. 607531-02-7 Delineators and Test Vehicle after Testing (Concrete Surface).

Figure 3.30. 607531-02-7 Delineators and Test Vehicle before Testing (Asphalt Surface).
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Figure 3.31. 607531-02-7 Delineators and Test Vehicle after Testing (Asphalt Surface).

Table 3.7. Test No. 607531-02-7 List/Lean Values.

3.10. IMPACT DURABILITY TEST NO. 607531-02-9

3.10.1 Flexstake 780 Series 10-inch % 24 inch Tubular Surface Mount Sample

Test No. 607531-02-9, performed on September 5, 2017, was an impact durability test on
Flexstake 780 Series 10-inch % 24 inch Tubular Surface Mount Samples secured to the concrete
and asphalt surfaces using E-BOND 1240/1241 2-part epoxy adhesive, 8 each on concrete and 8
each on asphalt. Detailed diagrams of the test samples and test layout can be found in Figures
3.32 through 3.34. Figures 3.35 and 3.36 show images of the test sample setup and impact
vehicle at the beginning and after testing on the concrete surface. Figures 3.37 and 3.38 show
the test setup and impact vehicle at the beginning and after testing on the asphalt surface.
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3.10.2 Impact Performance

Table 3.8 documents the list/lean and failure modes witnessed under Test No.
607531-02-9. Testing was discontinued after Run 168, due to observed failure for the bumper
impacts. Eleven of the samples failed to resist 168 impacts. A failure to restore to within 15
degrees of vertical was observed for delineator #6B on run 4, delineator #1B on run 19,
delineator #7B on run 34, delineator #1T on run 121, and delineator #7T on run 127. A complete
post tear was observed for delineator #8B on run 12, delineator #2B on run 16, delineator #5B on
run 27, delineator #3B on run 28, and delineator #4B on run 32. A tear of more than 50% of the
cross section was observed for delineator #5T on run 62, and delineators #2T, #3T, #4T, #6T,
and #8T completed 168 runs without failure. Ambient temperature was greater than or equal to
82°F throughout the conducted test.

The primary mode of failure was exceeding the maximum allowable degree of list/lean
and post fracture near the bolt connections.
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Figure 3.35. 607531-02-9 Delineators and Test Vehicle before Testing (Concrete Surface).

Figure 3.36. 607531-02-9 Delineators and Test Vehicle after Testing (Concrete Surface).

Figure 3.37. 607531-02-9 Delineators and Test Vehicle before Testing (Asphalt Surface).
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Figure 3.38. 607531-02-9 Delineators and Test Vehicle after Testing (Asphalt Surface).

Table 3.8. Test No. 607531-02-9 List/Lean Values.

# Before Run #1 Run #10 Run#100 | Run#168 Failure
List | Lean| List |Lean| List |Lean| List |Lean| List | Lean|Run# Mode

1T 88 90 87 88 85 89 84 87 - - 121 |Failure to restore due to post fracture near the base

1B 90 88 89 90 90 89 - - - - 19 |Failure to restore due to post fracture near the base

2T 88 88 89 88 89 88 88 89 89 89 | 168 |No failure

2B 89 88 90 86 88 85 - - - - 16 |Post tore off near bolt connections

3T 89 90 88 89 86 90 86 89 86 90 | 168 |No failure

3B 90 88 90 88 88 88 - - - - 28 |Post tore off near bolt connections

4T 87 89 88 90 89 89 89 89 89 88 | 168 |No failure

4B 89 89 90 89 90 88 - - - - 32 |Post tore off near bolt connections

5T 89 88 89 89 88 89 - - - - 62 |More than 50% tear near base

5B 90 89 90 88 90 88 - - - - 27 |Post tore off near bolt connections

6T 90 88 89 89 90 89 87 89 88 88 | 168 |No failure

6B 88 88 89 86 - - - - - - 4 |Failure to restore due to post fracture near the base

7T 89 90 90 89 89 90 87 90 - - 127 |Failure to restore due to post fracture near the base

7B 88 88 87 87 87 86 - - - - 34 |Failure to restore/post fracture near bolt connections

8T 89 89 88 89 86 89 84 88 84 88 | 168 |No failure

8B 90 89 89 90 89 88 - - - - 12 |Failure to restore/post fracture near bolt connections
Other Notes:

Runs 10, 12, 35, 73, 162 under 70 mph

Testing halted after run 168 due to lighting and sponsor request

Final run 127; discontinued at request of Sponsor

3.11. IMPACT DURABILITY TEST NO. 607531-02-10

3.11.1 Safe-Hit® Dura-Post® Surface Mount Mechanical Anchor

Test No. 607531-02-10, performed on September 26, 2017, was an impact durability test
on 36-inch Safe-Hit® Dura-Post® Surface Mount Mechanical Anchor Samples. The base was
anchored to the asphalt surface using Powers Wedge-Bolt anchors for the first four delineators
(#1-2) and Coupling Nut and Bolt anchors for the second four delineators (#3-4) according to
manufacturer’s instructions. Detailed diagrams of the test samples and test layout can be found in
Figure 3.39. Figure 3.40 shows images of the test sample setup and impact vehicle at the
beginning of testing. Figure 3.41 shows the test setup and impact vehicle after testing was
completed.
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3.11.2 Impact Performance

Table 3.9 documents the list/lean and failure modes witnessed under Test No. 607531-02-
10. Five samples failed to resist 200 impacts. A failure to restore to within 15 degrees of vertical
was observed for delineator #2B on run 33, delineator #4B on run 39, delineator #3B on run 58,
delineator #1B on run 62, and delineator #4T on run 108. Delineators #1T, #2T, and #3T
completed 200 runs without failure. Ambient temperature was greater than or equal to 82°F
throughout the conducted test.

The primary mode of failure was exceeding the maximum allowable degree of list/lean
and tearing of the post.
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Figure 3.40. 607531-02-10 Delineators and Test Vehicle before Testing.

Figure 3.41. 607531-02-10 Delineators and Test Vehicle after Testing.

Table 3.9. Test No. 607531-02-5 List/Lean Values.

# Before Run #1 Run #10 Run #100 Run #200 Failure
List |Lean| List |Lean| List |Lean| List |Lean| List | Lean|Run# Mode
1T 89 89 88 88 87 87 86 86 84 87 | 200 |No failure
1B 89 89 89 86 89 86 - - - - 62 |Failed to restore - 70°
2T 90 89 89 87 89 87 87 85 86 86 | 200 |No failure
2B 90 88 89 86 90 86 - - - - 33 |Failure to restore due to tear of post
3T 90 89 89 88 88 87 86 87 85 86 | 200 |No failure
3B 89 88 90 87 90 84 - - - - 58 |Failed to restore - 72°
4T 90 90 89 88 88 87 82 87 - - 108 |Failure to restore due to tear of post
4B 90 90 90 87 90 86 - - - - 39 |Failure to restore - 71°
Other Notes:
Runs 115, 127, and 152 under 70 mph
1B and 3B separated from base on run 63
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3.12. IMPACT DURABILITY TEST NO. 607531-02-11

3.12.1 eNdoto Evelux Flexible Rib-Post Sample

Test No. 607531-02-11, performed on October 26, 2017, was an impact durability test on
eNdoto Evelux Flexible Rib-Post Samples secured, 8 each on concrete and 8 each on asphalt.
The base of the eNdoto Evelux Flexible Rib-Post Delineator with 3 Point Anchor Base (Part
#EV-12221-36) was then anchored to the concrete surface using a 3-point pin system. The base
of the eNdoto Evelux Flexible Rib-Post Delineator and Base (Part #£EV-12231-36) was anchored
to the asphalt surface using FIRMmarker™ #18M900C20 2-part epoxy adhesive . Detailed
diagrams of the test samples and test layout can be found in Figures 3.42 through 3.45. Figures
3.46 and 3.47 show images of the test sample setup and impact vehicle at the beginning and after
testing on the concrete surface. Figures 3.48 and 3.49 show the test setup and impact vehicle at
the beginning and after testing on the asphalt surface.

3.12.2 Impact Performance

Table 3.10 documents the list/lean and failure modes witnessed under Test No.
607531-02-11. Fourteen of the samples failed to resist 50 impacts. The attachment failed on all
the delineators on the concrete surface, # 1T, #1B, #2T, #2B, #3T, #3B, #4T, and #4B, on run 1.
A failure to restore to within 15 degrees of vertical was observed for delineator #5B on run 1,
delineator #6B on run 2, delineator #7B on run 28, and delineator #5T on run 47. A complete
post tear was observed for delineator #8B on run 6, and a tear of more than 50% of the cross
section was observed for delineator #7T on run 25. Delineators #6T and #8T completed 50 runs
without failure. Testing was discontinued after run 50, per Sponsor’s request. Ambient
temperature was greater than or equal to 60°F throughout the conducted test. This is below the
required temperature.

The primary mode of failure was pull out of the mechanical anchors for the delineators

on the concrete surface and exceeding the maximum allowable degree of list/lean for the
delineators on the asphalt surface.
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Figure 3.42. 607531-02-11 Test Setup Details on Concrete Surface (Mechanical Anchors).



C0-1€SL09 ON UL

[4S

60-£0-810C

Exhibit DA-7

Figure 3.43. 607531-02-11 Test Sample Details on Concrete Surface (Mechanical Anchors).
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Asphalt Installation

Plan View
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Figure 3.46. 607531-02-11 Delineators and Test Vehicle before Testing (Concrete Surface).

Figure 3.47. 607531-02-11 Delineators and Test Vehicle after Testing (Concrete Surface).

Figure 3.48. 607531-02-11 Delineators and Test Vehicle before Testing (Asphalt Surface).
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Figure 3.49. 607531-02-11 Delineators and Test Vehicle after Testing (Asphalt Surface).

Table 3.10. Test No. 607531-02-11 List/Lean Values.

3.13. IMPACT DURABILITY SUMMARY

3.13.1 Impact Durability Test No. 607531-02-1

Test No. 607531-02-1, performed on July 17, 2017, was an impact durability test on
36-inch Pexco — Davidson Traffic Control Products’ City Post 8GD360RG101 Glue Down
Samples secured with FIRMmarker™ #18M900C20 2-part epoxy adhesive on asphalt as shown
in Figure 3.50. The product resisted an average of 186 tire impacts, and an average of 32
bumper impacts. Table 3.11 shows a summary of the results. The primary mode of failure was
fracturing of the samples near the base and exceeding the maximum allowable degree of
list/lean.
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Table 3.11. 607531-02-1 Summary Table.
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City Post Epoxy
Tire Bumper
1 189 54
2 168 60
3 189 10
4 200 3
Average 186 32

Figure 3.50. 607531-02-1 Product Sample.

3.13.2 Impact Durability Test No. 607531-02-2

Test No. 607531-02-2, performed on September 20 and 22, 2017, was an impact
durability test on 36-inch tall Pexco City Post 8SM360RG101 mechanical anchor samples
secured with BOLTHOLD™ Asphalt Anchors Model SP-10 on asphalt, as shown in Figure 3.51.
The product resisted an average of 141 tire impacts, and an average of 91 bumper impacts.

Table 3.12 shows a summary of the results. The primary mode of failure was fracturing of the
samples near the base and exceeding the maximum allowable degree of list/lean.

Table 3.12. 607531-02-2 Summary Table.

City Post Mechanical Anchor
Tire Bumper
1 190 95
2 140 74
3 110 108
4 124 87
Average 141 91

Figure 3.51. 607531-02-2 Sample.

3.13.3 Impact Durability Test No. 607531-02-3

Test No. 607531-02-3, performed on July 19, 2017, was an impact durability test on
36-inch Pexco City Post Samples secured with embedded anchor cups as shown in Figure 3.52.
The product resisted an average of 74 tire impacts, and an average of 14 bumper impacts.
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Table 3.13 shows a summary of the results. The primary mode of failure was exceeding the
maximum allowable degree of list/lean and post fracture near the base.

Figure 3.52. 607531-02-3 Sample.

Table 3.13. 607531-02-3 Summary Table.

City Post Anchor Cup
Tire Bumper
1 200 1
2 3 14
3 3 19
4 91 20
Average 74 14

3.13.4 Impact Durability Test No. 607531-02-4

Test No. 607531-02-4, performed on September 19, 2017, was an impact durability test
on Pexco City Post 8GD360ORG101 Glue Down samples secured by E-BOND 1240/1241 2-part
epoxy adhesive, 8 each on concrete surface and 8 each on asphalt surface, as shown in
Figures 3.53 and 3.54. The 36-inch delineators resisted an average of 102 tire and 106 bumper
impacts on the concrete surface and 130 tire and 75 bumper impacts on the asphalt surface.
Tables 3.14 and 3.15 show a summary of the results for each surface. The primary mode of
failure was tearing of the post approximately one foot above the base and fracture of the post at

the base.
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Table 3.14. 607531-02-4 Summary Table
(Concrete Surface).

City Post Epoxy
Tire Bumper
1 15 84
2 169 154
3 98 104
4 134 82
Average 104 106
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Figure 3.53. 607531-02-4 Sample
(Concrete Surface).

Table 3.15. 607531-02-4 Summary Table
(Asphalt Surface).

City Post Epoxy
Tire Bumper
1 198 10
2 200 200
3 98 14
4 22 76
Average 130 75

Figure 3.54. 607531-02-4 Sample
(Asphalt Surface).

3.13.5 Impact Durability Test No. 607531-02-5

Test No. 607531-02-5, performed on July 13, 2017, was an impact durability test on
Safe-Hit® Dura-Post™ Surface Mount samples, 4 each secured by SHEPX-13-K1 epoxy, and 4
each by FIRMmarker™ #18M900C20 2-part epoxy adhesive, as shown in Figures 3.55 and 3.56.
With the SHEPX-13-K1 epoxy, the product resisted an average of 200 tire impacts, and an
average of 24 bumper impacts. With the FIRMmarker™ epoxy, the product resisted an average
of 200 tire impacts, and an average of 22 bumper impacts. Tables 3.16 and 3.17 show a summary
of the results for each epoxy. The primary mode of failure was post separation at the base. This

was mainly caused by the pin tearing through the bottom of the post.
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Table 3.16. 607531-02-5 Summary Table
(SHEPX-13-K1).

Figure 3.55. 607531-02-5 Sample
(SHEPX-13-K1).

Dura-Post Epoxy (SHEPX-13-K1)
Tire Bumper
1 200 25
2 200 22
Average 200 24

Table 3.17. 607531-02-5 Summary Table

(FIRMmarker).
Dura-Post Epoxy (FIRMmarker)
_ Tire Bumper
1 200 22
2 200 22
Average 200 22

Figure 3.56. 607531-02-5 Sample
(FIRMmarker).

3.13.6 Impact Durability Test No. 607531-02-7

Test No. 607531-02-7, performed on September 4 and September 18, 2017, was an
impact durability test on Flexstake 780 Series 9-inch Base Tubular Surface Mount samples
secured to the concrete and asphalt surfaces using E-BOND 1240/1241 2-part epoxy adhesive, 8
each on concrete surface and 8 each on asphalt surface, as shown in Figures 3.57 and 3.58. The
tested delineators resisted an average of 110 tire and 26 bumper impacts on the concrete surface
and 102 tire and 30 bumper impacts on the asphalt surface. Tables 3.18 and 3.19 show a
summary of the results for each surface. The primary mode of failure was tearing of the posts
near the bolt connections.
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Figure 3.57. 607531-02-7 Sample
(Concrete Surface).

Figure 3.58. 607531-02-7 Sample
(Asphalt Surface).

Table 3.18. 607531-02-7 Summary Table

Exhibit DA-7

(Concrete Surface).

Flexstake Epoxy
Tire Bumper
1 58 24
2 127 21
3 127 38
4 127 22
Average 110 26

Table 3.19. 607531-02-7 Summary Table

(Asphalt Surface).

Flexstake Epoxy
_ Tire Bumper
1 95 33
2 93 30
3 127 32
4 94 23
Average 102 30

3.13.7 Impact Durability Test No. 607531-02-9

Test No. 607531-02-9, performed on September 5, 2017, was an impact durability test on
Flexstake 780 Series 10-inch x 24-inch Base Tubular Surface Mount samples secured to the
concrete and asphalt surfaces using E-BOND 1240/1241 2-part epoxy adhesive, 8 each on
concrete surface and 8 each on asphalt surface, as shown in Figures 3.59 and 3.60. The tested
delineators resisted an average of 156 tire and 24 bumper impacts on the concrete surface and
131 tire and 19 bumper impacts on the asphalt surface. Tables 3.20 and 3.21 show a summary of
the results for each surface. The primary mode of failure was exceeding the maximum allowable
degree of list/lean and post fracture near the bolt connections.

TR No. 607531-02 61 2018-03-09



Exhibit DA-7

Table 3.20. 607531-02-9 Summary Table
(Concrete Surface).

Flexstake Epoxy
Tire Bumper
1 121 19
2 168 16
3 168 28
4 168 32
Average 156 24

Figure 3.59. 607531-02-9 Sample
(Concrete Surface).

Table 3.21. 607531-02-9 Summary Table
(Asphalt Surface).

Flexstake Epoxy
Tire Bumper
1 62 27
2 168 4
3 127 34
4 168 12
Average 131 19

Figure 3.60. 607531-02-9 Sample
(Asphalt Surface).

3.13.8 Impact Durability Test No. 607531-02-10

Test No. 607531-02-10, performed on September 26, 2017, was an impact durability test
on Safe-Hit® Dura-Post® Surface Mount Mechanical Anchor samples, 4 each secured by
Powers Wedge-Bolt anchors, and 4 each by Coupling Nut and Bolt anchors, and shown in
Figures 3.61 and 3.62. With the Powers Wedge-Bolt anchors, the product resisted an average of
200 tire impacts, and an average of 48 bumper impacts. With the Coupling Nut and Bolt anchors,
the product resisted an average of 154 tire impacts, and an average of 49 bumper impacts.

Tables 3.22 and 3.23 show a summary of the results for each mechanical anchor. The primary
mode of failure was exceeding the maximum allowable degree of list/lean and tearing of the
post.
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Figure 3.61. 607531-02-10 Sample
(Powers Wedge-Bolt).

Table 3.22. 607531-02-10 Summary Table

Exhibit DA-7

(Powers Wedge-Bolt).

Dura-Post Mechanical
Bumper

Tire
1 200 62
2 200 33
Average 200 48

Table 3.23. 607531-02-10 Summary Table

(Coupling Nut and Bolt).

Dura-Post Mechanical
Tire Bumper

1 200 58
2 108 39
Average 154 49

Figure 3.62. 607531-02-10 Sample
(Coupling Nut and Bolt).

3.13.9 Impact Durability Test No. 607531-02-11

Test No. 607531-02-11, performed on October 26, 2017, was an impact durability test on
eNdoto Evelux Flexible Rib-Post Samples secured, 8 each on concrete and 8 each on asphalt.
The base of the eNdoto Evelux Flexible Rib-Post Delineator with 3 Point Anchor Base (Part
#EV-12221-36) was anchored to the concrete surface using a 3-point pin system. The base of
the eNdoto Evelux Flexible Rib-Post Delineator and Base (Part #EV-12231-36) was anchored to
the asphalt surface using FIRMmarker™ #18M900C20 2-part epoxy adhesive. Figures 3.63 and
3.64 show the two different product samples. The tested delineators resisted an average of 1 tire
and 1 bumper impacts on the concrete surface and 43 tire and 9 bumper impacts on the asphalt
surface. Tables 3.24 and 3.25 show a summary of the results for each surface. The primary
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mode of failure was pull out of the mechanical anchors for the delineators on the concrete
surface and exceeding the maximum allowable degree of list/lean for the delineators on the
asphalt surface.

Table 3.24. 607531-02-11 Summary Table
(Concrete Surface).

eNdoto Mechanical
Tire Bumper
1 1 1
2 1 1
3 1 1
4 1 1
Average 1 1

Figure 3.63. 607531-02-11 Sample
(Concrete Surface).
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Table 3.25. 607531-02-11 Summary Table
(Asphalt Surface).

eNdoto Epoxy
Tire Bumper
1 47 1
2 50 2
3 25 28
4 50 6
Average 43 9

Figure 3.64. 607531-02-7 Sample
(Asphalt Surface).

3.14. RESULTS

Table 3.26 shows the average number of impacts resisted by the tire, the average number
of impacts resisted by the bumper, and the overall combined average number of tire and bumper
impacts resisted for each sample, both on concrete and asphalt.
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Table 3.26. Average Number of Impacts Resisted Summary Table.
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*Concrete testing performed under Report No. 605601 (2) — evaluated at ambient temperatures at or above 65°F.
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Table 3.26. Average Number of Impacts Resisted Summary Table (Continued).
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*Concrete testing performed under Report No. 605601 (2) — evaluated at ambient temperatures at or above 65°F.
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CHAPTER 4. RECOMMENDATIONS

Testing was performed on an Open Graded Friction Course (OGFC) and a concrete
surface above the required 81°F ambient temperature to evaluate impact durability performance
for products in warm weather. Previous testing at lower temperatures® produced several notable
failure of the attachment methods, especially with the use of epoxy attachments. However, the
testing performed in warm temperatures, produced no notable failures with the use of epoxy
attachments. The main failure mechanism was the delineator posts fracturing and failure to
restore to specified list/lean values. The performance of the epoxy attachment in warm
temperatures can be considered non-critical as it did not produce any notable failures.

After extensive review of the testing data performed under this study and the previous
report 605601®), TTI researchers recommend two different minimum performance level
specifications for the two different surface types. The performance levels were specified to
allow for a minimum of two manufacturer’s products to meet the specification, which allows
FDOT to maintain competitive bids.

The first minimum performance level considers the average performance of a product
attached to a concrete surface. In the previous 605601 study, a minimum performance level
was specified based on the test data of 6 products installed on a concrete surface. Based on the
evaluation of the data, a minimum average of 150 tire impacts and a minimum average of 45
bumpers impacts resisted was specified for FDOT. Previous testing with delineators attached to
a concrete surface resulted in four products meeting the specification®. The Pexco City Post
with Hilti anchors, Pexco City Post with FIRMMarker epoxy, Safe-Hit Dura-Post with SHEPX-
13-K1 epoxy, and Safe-Hit Dura-Post with lag screw anchors all met the specification. None of
the products installed on a concrete surface that were tested as specified in Chapter 3 met the
previous specification. TTI researchers recommend the specification for delineators attached to
a concrete surface remain the same minimum average of 150 tire impacts and minimum average
of 45 bumpers impacts resisted.

The second minimum performance level considers the average performance of a product
attached to an asphalt surface. It is recommended that a product tested on an asphalt surface
meet a minimum average of 125 tire impacts and 45 bumper impacts resisted. Four products
meet this minimum recommendation for delineators attached to an asphalt surface. This includes
the Safe-Hit Dura-Post with the Wedge Bolt Anchors, Safe-Hit Dura-Post with Coupling Nut and
Bolt Anchors, Pexco City Post with Asphalt Anchors, and Pexco City Post with E-Bond epoxy.

At this point it is unknown the exact effects of temperature in relation to the performance

of the delineator. Additional cold weather testing of products is needed to develop a relationship
for the performance of the delineators versus temperature.
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STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

Product Plant/Pit

PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING SIEVES

SPM 13-11976A (FC-5)

Director, Office of Materials Timothy J. Ruelke, P.E.
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APPENDIX B. RANDOM SAMPLE MATERIAL TESTINGS RESULTS

DATE:

REFPORT:

FIRULC LIURNES

RESULTS:

November 28, 2017
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DATE:

REPORT:

PROCEDURE:

RESULTS:
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November 28, 2017

The following report covers testing of the product received in accordance with Research Study
BVD29 TWO 977-29 (42417).

l'est samples were conditioned, prepared. and tested in accordance with the methods listed.

Color - CIE™ YAy, Inital (D65/10)* ] AS IV E1347 / E134Y | YSZY, WSZIYN, U.3412)
e e 1

TR No. 607531-02

= soras mawan oA ! ~an

78 2018-03-09



Exhibit DA-7

s
DATE: November 28, 2017

RFEFPOIRT: The fallowino renart covere tecting af the nenduct recsived in acenrdance with Recoarch Stada

E Y R B WYL S0 Tde s \WaWR T Je

LT A Var ST e By i s e e S sl e LG e ' 1 Lo S f
RESULTS:

[DPECIIE LIVITY, g | ASIM U/Yv2 | 112/ giec avg

| P P 1 ACTTRE A am e an AN mss o nas. o8 amL

R - IR R Y, SO (LS 1 ANV R399 1 04,41 T, WLIVUDN, 1.0 140V
— —- ) .
| T T P | ACTAE 1140 /0211 | 190 1

TR No. 607531-02 79 2018-03-09



. st —— ———

BDYLWLT LYY FII"aZ \vall).

Exhibit DA-7

PROCEDURE: Test samples were conditioned, prepared. and tested in accordance with the methods listed.
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DATE: November 28, 2017
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PROCEDURE: Test samples were conditioned, prepared, and tested in accordance with the methods listed.

RESULTS:
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DATE: November 28, 2017

BEY R B YYNS £ 0 I Td s \WaTWA T Je

RESULTS:

:‘E(‘Illt‘ Lravily, g 1 ASNIM DL 1 1. 130 g/cc avg
- aras 4 s s =

I sowAS Tavam e an I namar sam_ = oasL

TR No. 607531-02 82 2018-03-09



Exhibit DA-7

DATE: November 28, 2017
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F
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PROCEDURE: I'est samples were conditioned. prepared. and tested in accordance with the methods listed.
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DATE: November 28, 2017
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DATE: November 28, 2017
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SAMPLE: Proauct samples Were received on June b, 2ul /.

PROCEDURE: l'est samples were conditioned, prepared. and tested in accordance with the methods listed.
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DATE: November 28, 2017
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8 hrs LV @ 140°F: 4 br Condensation @ 122°F)
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Exhibit DA-7

DY LT § VYN T UL \WEWLT ).

T e L L LR L R T 1 L L e R T 1 T

Tensile Strenoth. Initial mi (Madified Tooe E 250 mini | ASTAM DAIR 1 AKKN el ava
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Exhibit DA-7

e C e mmmmme o ey

REPOHDRT. Tha fallaunnn rennrt rnvare tacting af tha nradoet racaivad in ascnrdanca with Doacaarsh Qs

PV AFET B YVNS T ITET W& |

PFRUL EDUKE: 1 €SI samples were conaimonea, preparcd, and esied in accoraance wiin ine meinoas nswea.

RESULTS:

Tensile Strength, Initial, psi (Modified Type k 20"/min) ASTM D638 3778 psiavg
Tensile Flonoation. Initial. % (Modified Tyoe 15 20 min) ASTM D638 432% ave
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Exhibit DA-7

REPORT- The fallawina renart cavere tectinag af the nraduet recoived in accardance with Racsarch Study

RP Y BFa s B VENL £ I Ta s \WaWE T e

IS PRl SE LY RN Y S IR RERREEGSE, S S EREEE SR | N S PR SRR . R SRR IE RSP MESSEPRSRSL S S| BARESSEE TR I S |

RESULTS:

Color - After OUV. CIE*Lab (D65/10: After 1000 br OUV : OLVA @ 0.89 | . oovas woimim om0 on | il e e
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Exhibit DA-7

~
nnr aran C e e R ELE L T LI A R A S T A 11 A LI Y3 10E AR ALE A reaee s
BVD29 TWO 977-29 (42417).
PROCEDURE: Test samples were conditioned. prepared. and tested in accordance with the methods listed.

RESULTS:

[P LS IA VI, B 1 ALY LI TE 1 Bedut BIAL AVE
i alas _ £ IC41 ah Enitial o I ARTAM F1147 / K140 I 0% 4R1 -1 I%a 4 Odhk I
. ~ - . . .. . . . - .
[Color - After OUV. CIE*Lab (C/2: Afler 1000 hr OUY : OUVA & 089 IRR.] +cvan =enam ccoeme o a on | . |
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Exhibit DA-7

REPORT- ke fallawing rennrt cnvers tecting af the neaduct recoived in accardancs with Roacsarch Qtuds

RE Y BFa s B YENL £ TS W WE T e
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Exhibit DA-7

P o
REFPOIRT- The fallowing rennrt cavare tactinag af the nraduct recaived in aconrdanca with Rocoarah Stads
RE Y A B OVVNS 5 ITas \WETWR I Ju
LIRAA TS P AN ALEEUAUFRLY B WUSL |- B AL ] YY MK LFTHAUTAaLVE
FIVWC LU TESL SAPICS WEITE CONUTLIONCU, Preparcd, dnag 1esied 1 aeCorgance wiin e mewmouas 1nsiea.

RESULTS:

JAST L OIIE AL, 7= {FIoceaure ) 1 AD LIV DOV 1 1.207s UVE

IC e il M emnritns oo 1 ACTAE NTGY 1 LI L 1

smr mieE mamwrwe s nae 1 et I

ASTM DA3R 2312 =i ave

e T et L

[ Tensile Streneth. Initial. mi (Modified Tyvoe & 20%/min)

—
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Exhibit DA-7

DATE: November 28, 2017

BE Y RFAF B VENF S0 ITa&S \WETWR I Je
L ALV P LSl ELURUELFRNP § WANE [ B RFLS R OYY IIILE LFCIILICaLUE

AIVET LN rruouuct hallllllﬂ WEIT ITLCIVEU WU MAUREUDNE JUy &L 7.

RESULTS:

URUE - RS B ATy Swssuems ymeos swy 1 — P — S

Vellouness Indes Initial inasi1ae ASTM E1349/F313 1 R44 I
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Exhibit DA-7

RFPORT: The fallawino renart cavere tectino af the nradinet recsived in accardancs with Rocoarch Stady

RE Y Bras B TYAF S5 ams \WaEA T s

PRODUCT: FlexStake Orange Delineator

ARIRIVER R B ruUuuLY 3“III|'ITB WEIL ISWIvew v t'lt'.l“""'cl =y &V T
PROCEDURE: Test samples were conditioned. prepared. and tested in accordance with the methods listed.

RESULTS:

[N OE L W SO D 1 AD LIYE DU 1 AT e AR

I ACTU 70y | 1 181 ales ava |

R nanifie Mravits wo.
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Exhibit DA-7

s

DATE: November 28, 2017

RFEFPOIRT- I'he follawinoe renart cavers tectino af the nraduct received in aceordance with Research Study
wr v mrms w nTar s s ywewa g

P avarasnn a . -

PROCEDURE: Test samples were conditioned, prepared, and tested in accordance with the methods listed.

RESULTS:
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