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Laboratory Report:   

Testing of Project 360 Non-Acclimatized Retroreflective Raised Pavement Markers 

Separation from a Road Surface 

Report to: Project 360 Pty Ltd  

Subject: Testing of shear force required to remove Retroreflective Raised Pavement 

Markers from a road surface. 

Reference: Order: 13-Jul-18 

 

1. BACKGROUND 

This report presents laboratory experiments in which the effectiveness of a new design of 

retroreflective raised pavement markers (RRPM’s), named hereafter as ‘perforated base’, 

provided by Project 360 were investigated in comparison with two other traditional and existing 

types of road reflectors, namely Reflective Roads hard base and Ennis Stimsonite hard base 

models. 

The tests were conducted in such a manner as to represent removal of the RRPM’s in terms 

of the shear compressive strength required to remove the RRPM’s from the surface of a 

bitumen road when subjected to a mechanical pressure which in this case is shear force.  

It must be noted that the traditional testing of RRPM’s as detailed in AS 1906.3-1992 'Bond 

strength Test', shows the compressive loading testing of RRPM's that have been attached to a 

steel block via epoxy adhesive. This report details a new test process that represents practical 

and real world RRPM installation conditions by the use of road core samples and bitumen 

adhesive. 

The report covers the testing of 10 yellow perforated base, 5 yellow hard-base, and 1 green 

Ennis RRPM’s samples. All these samples were provided by Project 360, and the tests were 

conducted on different days as reported accordingly. 

2. SAMPLES EVALUATED 

 

All three types of RRPM samples have had embossed legends as shown in Table 1, and 

their dimensions were measured (see Appendix A.1). 

Table 1. Sample descriptions. 

Sample 

Description 
Embossed legend 

No of 

specimens 
Colour Sample No 

Perforated base 

(new model) 

 

“REFLECTIVE ROAD 

AUSTRALIA 

03.9706.4646 

SAFETY PRODUCTS” 

 

10 Yellow 
1,2,7,9,10 

S1, S2, S3, S4, S5 
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Hard Base 

Reflective Roads 

(traditional model) 

 

“REFLECTIVE ROAD 

AUSTRALIA 

03.9706.4646 

SAFETY PRODUCTS” 

 

 

5 Yellow 12,14,15,16,19 

Hard Base 

Ennis 

(traditional model) 

 

“ENNIS Stimsonite” 

 

1 Green T1 

 

3. PROCEDURES 

 

The steps to prepare the RRPM samples for shear compressive strength test to evaluate 

their adhesiveness to road samples are described in the following procedures. 

 

3.1. Design and Development of Testing Jig 

 

The first step in this project was the development of a specific jig which can hold the 

RRPM’s in a shear compression testing machine. This process involved the design, fabrication 

and testing of 2 separate jigs. The 2 jigs were designed and fabricated to hold the road samples, 

and attach RRPM’s at a fixed position so that the shear compressive force can only be exerted 

on a specific part of the reflector to retain identical conditions for the testing of different 

samples (see Appendix B, Figures 1, 2(a) & 2(c)).  

The first initial jig was constructed out of 8mm mild steel so that the force of the testing 

machine would not bend or break the jig (see Appendix B, Figure 2(a)). The bottom circular 

section was made with the same diameter of the base of the testing machine to make it easier 

to hold the jig in place with clamps (see Appendix B, Figure 20(a)). The diameter of the vertical 

section was made with the same diameter as the core samples so that they could easily be 

attached to the jig. These two steel sections were then welded to each other at 90 degrees.  

The second jig was manufactured to give continuous support around the outside perimeter 

face of the core sample when mounted in the compression testing machine (see Appendix B, 

Figure 1(c)). The jigs circular top and bottom sections were constructed out of 20mm mild steel 

whilst the base was constructed out of 8mm mild steel. The circular bottom section was welded 

at 90 degrees to the base to ensure that the force applied to the RRPM was perpendicular to the 

contact face. This design ensured that the bottom 180 degrees of the road core sample was fully 

supported during the entirety of the test. This is similar to the support that is naturally provided 

for a given section of road that is part of a roadway. 

The end of the pusher was made with the same diameter as the finger-placement recesses 

of the RRPM through machining operations attached to the force transducer (see Appendix B, 

Figure 2(b)). This bar ensured that the shear compressive force to be applied on specific curved 

area of RRPM’s in all tests were consistent. 

 

3.2. Preparation of Samples 
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Road samples were all cut with an identical dimension of 140 mm diameter and 40 mm 

thickness from part of an existing roadway approved by City of Greater Geelong (COGG) 

located at a road crossover work site (for NBN, Barwon Water, and other works). These 

samples were removed by a concrete cutting contractor (Super City Concrete Cutting – Moolap 

Geelong) engaged by Project 360 (see Appendix B, Figure 3). All road samples were then 

placed on several trays, and along with the RRPM samples, stored in a Heratherm laboratory 

oven OMH400 under the constant temperature setting of  25 ±1oC for 24 ± 1 hours (see 

Appendix B, Figure 4). 

Prior to the installation of the perforated base RRPM’s onto the road core samples, the 

RRPM’s were pre-filled with bitumen adhesive to allow the bitumen to penetrate into the body 

of the RRPM. The temperature of the bitumen during this filling procedure was 250oC. The 

filling of perforated base RRPM’s samples with bitumen adhesive were carried out on 1-Nov-

17. The filling of the additional samples S1 to S5 were carried out on the 19-Apr-18 by Project 

360 using the same procedure as outlined below. It must be noted that this installation was not 

completed under the supervision by Deakin University but the installation procedure was 

carried out by the same personnel under identical conditions. The bitumen melting apparatus 

was used to melt the bitumen adhesive material used in this test (see Appendix B, Figure 5). 

Bitumen blocks were loaded into the melting kettle and the kettle was switched on to reach a 

specific temperature of about 250oC for complete melting of the bitumen (see Appendix A.2, 

Tables 1-3; Appendix B, Figures 6 and 7). Meanwhile, the stirring handle was used for mixing 

the melting material inside the kettle to get a homogenous melted bitumen.  

Having melted the bitumen inside the kettle, the labelled RRPM samples were taken 

out from the Heratherm laboratory oven OMH400 and laid out on to the test field with ambient 

temperature (see Appendix A.2, Tables 1-3; Appendix B, Figure 8). The perforated base RRPM 

samples were then located beneath the melting kettle dispensing nozzle, and were filled with 

melted bitumen adhesive to a level aligned with the outer rim of the RRPM’s (see Appendix 

B, Figures 9 and 10).  

The placement of all RRPM’s on road samples using bitumen adhesive were conducted on 

the same date of filling the perforated base with bitumen on 1-Nov-17. The additional samples 

S1 to S5 were installed on the 19-Apr-18 by Project 360. The surface of road samples had been 

brushed out before applying the bitumen adhesive (see Appendix B, Figure 14). The same 

bitumen melting apparatus and the same procedure for loading and melting the bitumen, as 

explained earlier in this report, were repeated. Having waited until the temperature gauge of 

apparatus shows the 215oC, some trial dollops of melted bitumen was dropped to measure its 

temperature by an infrared thermometer (see Appendix B, Figure 12). As the temperature of 

outlet bitumen from the nozzle of melting kettle had shown few degrees temperature difference 

than the melted temperature inside the kettle, a heat gun was used to increase the temperature 

of the nozzle (see Appendix B, Figure 13) to the melted bitumen inside the kettle and the 

temperature at the exit gate was monitored by an infrared thermometer to ensure a consistent 

dispensation temperature. 

In order to keep the same temperature for all samples, initially the temperature of melted 

bitumen was set few degrees more than specified temperature for mounting the RRPM’s on 

road samples. Then, the nozzle tap was opened and melted bitumen was allowed to reach to a 

stable flow with the required temperature, measured by the infrared thermometer. After 
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spotting the desired temperature constant amount of bitumen dollops were poured to cover the 

surface of road samples. The sample was monitored with the infrared thermometer until the 

bitumen adhesive temperature was precisely the temperature required. The RRPM was then 

immediately installed. 

A specific adjustable RRPM installation locking tool was devised to keep the constant 

downward placement force between RRPM and road sample consistent (see Appendix B, 

Figure 15). This ensures that each RRPM is seated correctly on the road core sample. This tool 

also ensured that uniform thickness of bitumen across the base of the RRPM could be achieved 

and also that the RRPM was installed entirely parallel to the surface road sample. The tool was 

adjusted to have the required 2mm thickness of bitumen pad between the road surface and the 

base of the RRPM by adjusting the length of the designated bolts by way of their associated 

locking nuts (see Appendix B, Figure 15). The samples were installed onto the road samples 

using the adjustable locking tool and melted bitumen adhesive. Each sample was held in place 

with the locking tool for 15 seconds to ensure that the bitumen had penetrated onto the RRPM 

and that the bitumen pad had adequate time to cool so that the RRPM would not move with the 

removal of the installation locking tool (see Appendix B, Figures 16-18). 

Having applied the RRPM’s onto the road samples, any extra bitumen flowing over the 

sides of the core samples was removed so that the core sample could easily be seated in the 

shear compression strength jig. The samples were then left to cool and harden at room 

temperature before the tests. 

 

3.3. Shear Compression Strength Test of Non-Acclimatized Samples 

 

A shear compression strength test was performed to determine precisely the force required 

to break the bond between the non-acclimatized RRPM’s and road samples. This was split into 

2 rounds of testing. One with the 1st test jig and the final test with the 2nd test jig design. All 

samples for both rounds of testing were prepared and installed with the same procedure and 

manner. The testing procedure was identical except for the following changes: 

• The 1st jig testing samples were tested at room temperature (18oC) and at a rate of 1mm 

per minute. 

• The 2nd jig testing samples were tested at 0oC and at a rate of 10mm per minute.  

 

 It must be noted that the standard industry practice is to remove RRPM’s in cold climatic 

conditions since the bitumen adhesive can ‘break’ easier. The process for testing core samples 

in a load cell machine was conducted as described in the following. The labelled RRPM’s and 

road samples were laid out on the test field at room ambient temperature 30 days after applying 

the RRPM’s on the road samples on 31-Nov-18 (see Appendix B, Figure 19). It must be noted 

that Figure 19 shows samples that were used for other testing conditions and reports in addition 

to the samples tested within this report. 

For the 1st test jig, the core samples were placed in the testing jig and clamped to the jig so 

that they could not move during the testing; two G-clamps were used on either side of the 

reflector to the road core samples to ensure that the core samples could not bend during testing 

(see Appendix B, Figure 20). For the 2nd test jig, the core sample was loaded into the bottom 

section of the test jig and the top curved section was placed on top of the road core sample. The 
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two sections were then bolted together such that no movement of the sample was allowed. The 

test jig-sample assembly was then lined up so that the pusher was square with the jig and that 

the maximum surface area of RRPM’s were in contact with the pusher. The pusher was also 

allowed a clearance of 1mm from the rear edge of the RRPM to the edge of the pusher so that 

it did not interfere with the testing. A level was used to check that the RRPM was parallel to 

the pusher. If the sample was not level, various thickness shims were used in between the core 

sample and the back of the test jig to get the RRPM into a vertical position. When everything 

was lined up and ready for testing, the rate of compression force of the testing machine was set 

to either 1mm per minute or 10mm per minute (dependent upon the test); the displacement 

sensor and force sensors were zeroed in the testing software and then the test began. The test 

continued until the force reading clearly peaked and had returned to a value of around 1kN. 

After the force had reached around 1kN, the testing machine was stopped and returned to its 

resting position. The data was then saved and labelled with the RRPM sample number. The G-

clamps holding the RRPM or the bolts holding the test jig were then removed and the sample 

was taken off the test jig.  

 

4. RESULTS 

RESULTS 
RRPM Model Max Shear Force (kN) Displacement at Failure (mm) 

Perforated Base (1st jig) 6.11 5.39 

Perforated Base (2nd jig) 12.97 4.86 

Hard Base 6.01 5.04 

Ennis Stimsonite 5.73 5.21 
 

5. DISCUSSION 

 

No visible damage was spotted on any of the RRPM samples after the shear compression 

tests. The results of average shear compressive strength tests for the perforated base RRPM’s 

tested in the first jig were 6.11±0.40 kN. The comparison samples used were hard base 

Reflective Roads models and Ennis Stimsonite RRPM’s with the average shear compressive 

strengths of 6.01±0.40 kN and 5.73±0.00 kN respectively. The average deformation of the 

perforated base RRPM’s tested in the first jig were 5.39±0.63 mm. The average deformation 

of the hard-base Reflective Roads and Ennis Stimsonite samples was 5.04±0.65 mm, and 

5.21±0.00 mm respectively. When comparing the perforated base to the 2 models of hard base 

RRPM’s, the data shows that there is an increase in force required to dislodge the RRPM’s in 

favour of the perforated base samples. The average deformation at failure was also slightly 

higher for the perforated base models. This indicates that the perforated base models allowed 

the bitumen adhesive to ‘settle’ and ‘flex’ more so as the force was applied than the hard-base 

models were able to. The results also show that the interface between the road core and the 

bitumen pad failed before the bitumen pad to RRPM interface for the perforated base RRPM’s 

while the bitumen pad to RRPM interface failed before the road core to bitumen pad for the 
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hard-base Reflective Roads and Ennis Stimsonite models. This can be clearly seen in Appendix 

B, Figure 21.  

The testing of the 5 perforated base RRPM’s in the 2nd test jig had an average compressive 

shear force of 12.97kN and a deformation of 4.86mm. The difference in testing procedures 

between the two jig types is that the RRPM’s tested in the new jig were tested at an average of 

0.7oC and at a rate of 10mm per minute. This showed that there was a strong increase of shear 

force strength when testing the RRPM’s in the new jig at a higher rate and lower temperature. 

This secondary testing with the new jig was conducted to see if it was possible to measure the 

force required to break the bond between the road core sample surface and the bitumen 

pad/RRPM. As with the 1st jig this information was unobtainable. It was found that each of the 

5 RRPM’s tested in the new jig which provided a fully supported road sample under the new 

conditions all failed within the road core sample itself. The failure was not seen at the RRPM 

to bitumen pad or the road to bitumen pad interface. A large section of road was ‘pulled’ away 

from the road core sample along with the RRPM when the force was applied hence the bitumen 

pad connection did not separate at all. It can be safely confirmed then that in the conditions 

presented here that the adhesion strength of the perforated RRPM to bitumen pad and the 

bitumen pad to road sample connections are at greater strength than that of the road core sample 

itself. There is therefore no feasible way to accurately measure the force required to ‘separate’ 

the perforated RRPM’s from the road core samples since the road itself will break apart prior 

to separation on this new model. 

 

6. CONCLUSION 

 

The shear compressive strength tests showed greater adhesion of perforated retroreflective 

raised pavement markers to road core samples than the two other hard based samples. It was 

also found that it is impossible to measure the actual force required to separate the perforated 

RRPM’s in the new test jig from the road core sample, since the road core is ‘broken down’ 

before the perforated RRPM will break from the bitumen pad and before the bitumen pad will 

break from the surface of the road core sample. It was however possible to observe the force 

required to dislodge the hard-base Reflective Roads and Ennis Stimsonite models from the 

surface of the road core samples. Thus, we can conclude that the adhesion strength of a 

perforated RRPM connection to a road core is indeterminate since it is greater than the 

composition strength of the road core itself while for hard base RRPM’s the adhesion strength 

of the bitumen to a road core is less than that of the hard base RRPM’s to bitumen and the road 

core strength itself.  

 

Date:   13-Jul-18 

 

Investigating Officer: Kane Mitchell 

 

 

Signature:    ……………………………………………   
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Appendix A 

 

A.1. Dimensions of tested RRPM’s 

 

Dimensions of perforated base RRPM’s 

Width (at right angles to traffic direction):  114 mm 

Length (parallel to traffic direction):   87 mm 

Height (above pavement level when installed):  17 mm 

Diagonal corner to corner:    118 mm 

 

Dimensions of hard base RRPM’s 

Width (at right angles to traffic direction):  114 mm 

Length (parallel to traffic direction):   87 mm 

Height (above pavement level when installed):  17 mm 

Diagonal corner to corner:    118 mm 

 

Dimensions of Ennis Stimsonite RRPM’s 

Width (at right angles to traffic direction):  114 mm 

Length (parallel to traffic direction):   80 mm 

Height (above pavement level when installed):  17 mm 

Diagonal corner to corner:    118 mm 
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A.2. Non-Acclimatized Samples Preparation Information  

Table 1. Preparation of perforated base RRPM’s. 

Sample 

No 

Bitumen fill 

temperature 

(℃) 

Bitumen pad 

temperature 

(℃) 

Ambient 

temperature 

(base filling) (℃)  

Ambient 

temperature 

(test) (℃) 

1 258 214 18 20 

2 257 223 18 20 

7 254 211 18 20 

9 254 208 18 20 

10 255 210 18 20 

S1 250* 215* * * 

S2 250* 215* * * 

S3 250* 215* * * 

S4 250* 215* * * 

S5 250* 215* * * 

Mean 255.60 213.20 18 20 

Std dev 1.82 5.89 0 0 

Max 258 223 18 20 

Min 254 208 18 20 

Tested on: 01-Nov-17 

Samples S1, S2, S3, S4 and S5 tested on 19-Apr-18  

* Samples S1, S2, S3, S4 and S5 were not installed under supervision of Deakin 

University therefore the bitumen fill and pad temperatures are as reported only. The 

ambient fill temperature is estimated at 18°C although this is not expected to have any 

significant influence. 

Table 2. Preparation of hard base RRPM’s. 

Sample 

No 

Bitumen fill 

temperature 

(℃) 

Bitumen pad 

temperature 

(℃) 

Ambient 

temperature 

(base filling) (℃)  

Ambient 

temperature 

(test) (℃) 

12 N/A 221 18 21 

14 N/A 217 18 21 

15 N/A 219 19 21 

16 N/A 219 19 21 

19 N/A 223 19 21 

Mean N/A 219.80 18.60 21 

Std dev N/A 2.28 0.55 0 

Max N/A 223 19 21 

Min N/A 217 18 21 

Tested on: 1-Nov-17   
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Table 3. Preparation of Ennis Stimsonite RRPM’s. 

Sample No Bitumen fill 

temperature 

(℃) 

Bitumen pad 

temperature 

(℃) 

Ambient 

temperature 

(base filling) 

(℃) 

Ambient 

temperature 

(test) (℃) 

Ennis 

Stimsonite 

N/A 212 19 21 

Tested on: 1-Nov-17   

 

 

A.3. Shear Compressive Strength Tests Results of Non-Acclimatized Samples 

Table 1. Shear compressive strength test results of perforated base RRPM’s. 

Sample No Compressive Strength (kN) Deformation at failure (mm) 

1 6.09 5.47 

2 6.06 5.01 

7 6.71 5.17 

9 6.07 6.44 

10 5.60 4.85 

Mean 6.11 5.39 

Std dev 0.40 0.63 

Max 6.71 6.44 

Min 5.60 4.85 

Tested on: 31-Nov-17 

 

Table 2. Shear compressive strength test results of perforated base RRPM’s in new harness 

Sample No Compressive Strength 

(kN) 

Deformation at 

failure (mm) 

Core Sample Testing 

Temperature (deg C) 

S1 11.69 5.81 0.7 

S2 14.36 4.79 1.2 

S3 15.33 6.12 0.5 

S4 14.65 4.7 0 

S5 8.82 2.87 1.1 

Mean 12.97 4.86 0.7 

Std dev 2.7 1.34 0.485 

Max 15.33 6.12 1.2 

Min 8.82 2.87 0 

Tested on: 31-Nov-17 
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Table 3. Shear compressive strength test results of hard base RRPM’s 

Sample No Compressive Strength (kN) Deformation at failure (mm) 

12 6.09 5.60 

14 5.73 4.40 

15 5.95 4.58 

16 6.60 4.51 

19 6.13 5.97 

Mean 6.01 5.04 

Std dev 0.40 0.65 

Max 6.60 5.97 

Min 5.73 4.40 

Tested on: 31-Nov-17 

 

Table 4. Shear compressive strength test results of Ennis Stimsonite RRPM’s 

Sample No Compressive Strength (kN) Deformation at failure (mm) 

T1 5.73 5.21 

Tested on: 31-Nov-17 
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Appendix B 

 

 
Figure 1. Experiment Setup. 

 

 

 
(a) (b) 
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Figure 2. Fabrication of experiment Setup, (a) road samples shaped metal plates to hold the 

samples; (b) reflector curve shaped pusher bar; (c) new supported perimeter harness. 

 

 

 

 

 

Figure 3. Road samples, (a) removing road samples from the road; (b) removed samples 

carried to Deakin University Lab. 

 

(a) (b) 

(c) 
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Figure 4. RRPM’s and road samples in temperature controlled oven. 

 

Figure 5. Bitumen melting kettle apparatus. 
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Figure 6. Bitumen blocks. 

 

 

Figure 7. Loading bitumen blocks into melting kettle. 
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Figure 8. The RRPM samples taken out from Heratherm laboratory oven OMH400. 

 

 

 

Figure 9. Filling the bottom of perforated RRPM’s with melted bitumen adhesive. 



Page 17 of 24  REPORT RM34072 
 

Deakin University. 75 Pigdons Road, Waurn Ponds VIC 3216 AUSTRALIA 
http://www.deakin.edu.au/ 

 

Figure 10. Perforated RRPM’s filled with melted bitumen adhesive. 

 

Figure 11. Returning the filled perforated RRPM’s to the oven. 
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Figure 12. A dollop of melted bitumen and measuring its temperature.  

 

 

Figure 13. Utilizing the heat gun to increase the temperature of melting kettle nozzle. 
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Figure 14. Brushing out the surface of road core samples. 

 

 

Figure 15. The RRPM installation locking tool for controlling the RRPM placement 

properties. 

 



Page 20 of 24  REPORT RM34072 
 

Deakin University. 75 Pigdons Road, Waurn Ponds VIC 3216 AUSTRALIA 
http://www.deakin.edu.au/ 

 

Figure 16. Installing the filled RRPM into the adjustable locking tool for installation. 

 

Figure 17. Pouring the melted bitumen adhesive on the surface of road core samples. 
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Figure 18. Installing the RRPM’s with the adjustable installation locking tool to place onto 

road core samples. 
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Figure 19. Ready samples for shear compressive strength tests. 

 

 

(a) 
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Figure 20. (a) Setting up shear compressive strength test of RRPM’s on road samples with 

initial test jig 1; (b) RRPM and core sample mounted in new test jig 2 

(b) 
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Figure 21. (a) Visual comparisons of a hard base (left) and a perforated base RRPM (right) 

samples after shear compressive strength tests; (b) Shows typical perforated base RRPM 

‘pulling’ road away before dislodging from the road core sample. Note the RRPM connection 

to the road core sample has not separated at all but has broken the road sample itself. 

 

(a) 

(b) 


