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EXECUTIVE SUMMARY 

This report provides a second round of assessment to cool pavement projects that were installed 
in 2023. The evaluation continues the performance assessment in terms of surface texture, 
friction, and adhesion strength to existing surface. In this report the surface testing was conducted 
at five sites in five council districts to monitor the performance change in the applied treatment 
with respect to control pavement and compare it with phase I testing data. Three cool pavement 
products were assessed; GAF, SealM aster and GuardTop. Calibrated equipment from the previous 
testing phase I were utilized in the assessment namely; CT Meter, DF Tester, and Pull-off tester. 
The study also conducted visual assessment on all sites to monitor any surface crack initiation 
and propagation, delamination from existing pavement and change in color due to traffic tire 
imprints. In summary, texture friction and adhesion strength measurements depend on several 
factors including, cool pavement product, traffic, environmental factors, and characteristics of 
exiting pavement mixture characteristics. 
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OVERVIEW 

The University of Texas at San Antonio and TR AN STEC Group provided surface friction, texture 
and adhesion testing as part of an evaluation of the cool pavement treatment for the City of San 
Antonio. A list of the cool pavement project sites is shown in Table 1. These projects among others 
were also tested in 2023 shortly after installation, and the corresponding testing date is shown in 
the table for each site. The first round of evaluation was completed and published in February 
2024 (Masad et al. 2024). For this second round of testing evaluation, the projects on Mountain 
Star, SW 21st St., and Piper Dr. were tested on 25th October 2024, and the projects on Carol Crest 
and Lucinda were tested on 26th October 2024. 

At each location, pavement surface texture and friction testing were performed on the treated 
section and control section. The adhesion between cool pavement treatment and existing 
pavement surface was performed only on the treated areas. The map presented in Figure 1 shows 
the approximate locations of the project sites at five council districts. 

Table 1. Cool pavement treatment locations, installation, and initial testing information. 

Co uncil Project  Installation Initial Testing 
Fram TO Pro duc t Insta11erDistrict site Date Date(s) 

21 June 2023 

Ashley GuardTop Gallo
Lucinda St. Sams Dr. 13 July 2023 21 Sept. 2023 

Dr. Iron (dark) Paving 

Mountain Stephens Wolf Gallo 22 June 2023 & 
Seal Master 2 May 2023 

Star St. Ranch Point Paving 21 Sept. 2023 

Saltillo S. Laredo Gallo
SW 21'1 St. Seal Master 1 May 2023 21 Sept. 2023 

Rd. st. Paving 

Freeman GuardTop GalloPiper Dr. Loy 13 July 2023 20 Sept. 2023 
Dr. Iron (dark) Paving 
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Figure 1. Approximate locations of cool pavement projects. 

2 COOL PAVEMENT PRODUCTS AND SITES SELECTION 

2.1 Cool Pavement Products 

Three cool pavement products were evaluated in the second phase of evaluation. Description of 
each product is as follows: 

SealM aster (SolarPave·) is a polymer emulsion coating manufactured with UV resistant, 
reflective light-colored mineral pigments to provide minimum solar reflectance of 0.33. It is 
blended with ant-slip aggregate to increase surface texture. 

GAF Streetbond (DuraShield") Solar Gray is a two-component waterborne epoxy-modified 
acrylic coating blended with silica aggregates. The coating is formulated using ultraviolet 
reflective technology to provide an initial solar reflectance of 0.33. According to the manufacturer, 
GAF Streetbond has no odor during and after installation, and it resists UV damage. It is fully 
recyclable with asphalt. 

GuardTop (CoolSeal
® 

) is a water-based asphalt emulsion seal coat. It has fine aggregate and 
asphalt content of at least 32% and 10% by weight, respectively. It has a Solar Reflectance of 0.33 
and a final cured grey color. 
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2.2 Sites Selection 

The selection of the cool pavement sites was based on an analytical approach utilizing a series of 
data sets between January and February of 2023. The data sets consist of; urban heat index, equity 
score, energy burden, urban tree canopy, pavement condition, and population. The COSA used 
heat and equity data to identify candidate census tracts with high scores of temperatures, poverty, 
and percentage of people of color. Within the candidate census tracts, COSA selected streets that 
were in adequate pavement condition and had minimal tree canopy. 

3 MEASURING EQUIPMENT 

DF Tester and CT Meter were used to collect the data reported herein. The DF Tester was 
calibrated on 9 October 2024. The CT Meter was calibrated on 19 September 2024. The Pull-off 
tester is a newly acquired device in 2023. 

3.1 Circular Track Meter (CT Meter) 

Pavement surface texture was measured with the Nippo Sangyo CT Meter (Figure 2) . The CT 
Meter is a laser-based device that reports surface texture and reports it as mean profile depth 
(MPD) in accordance with ASTM E 1845, Standard Practice for Calculating Pavement 
Macrotexture Mean Profile Depth. The CT Meter measures pavement surface texture around a 
circular path with a radius of 142 mm. Transtec operates the CT Meter in accordance with ASTM 
E2157-15, Standard Test Method for Measuring Pavement Macrotexture Properties Using the 
Circular Track Meter. 

Figure 2. Circular Track Meter (CT Meter) . 

3.2 Dynamic Friction Tester (DF Tester) 

Pavement surface friction was measured with the Nippo Sangyo DF Tester (Figure 3) . The DF 
Tester measures friction using three rubber sliders mounted to a disk that spins parallel to the 
test surface. The disk has a radius of 142 mm, corresponding to the path of the CT Meter texture 
measurements. A gravity-fed water system wets the pavement surface and when the disk reaches 
the desired upper limit rotational speed (typically 80 km/h) , the DF Tester lowers the disk to the 
pavement surface. Friction is measured based on torque as the disk rotational velocity decreases 
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to zero due to friction between the rubber sliders and the pavement surface. Transtec operates the 
OF Tester in general accordance with ASTM E 1911, Standard Test Method for Measuring Paved 
Surface Frictional Properties Using the Dynamic Friction Tester. 

Figure 3. Dynamic Friction Tester (DF Tester) . 

3.3 Pull-off tester 

The purpose of the adhesion test is to evaluate the bonding strength between the cool pavement 
treatment and existing pavement. The Pull-off adhesion testing provides a convenient, 
standardized, and rapid technique for evaluating the adhesion strength of a coating to an 
underlying substrate (Liddell et al. 2023) . It is the most widely used method to assess bond 
strength (ASTM D 4541) . In this assessment, the adhesion tester evaluates the pull-off strength 
of the treatment layer by determining the maximum tensile pull-off force of coating away from 
pavement using hydraulic pressure (Figure 4) . Coating adhesion is an indicator of how well the 
treatment has bonded to the pavement surface. In a standard ASTM D4541 pull-off adhesion 
test a pull stub is attached to a coated substrate and then removed through vertical loading. The 
force required to separate the coating from its substrate provides a measure of its adhesion 
strength. 

P1.11H-off adhe�fon te ·t 

Figure 4. Pull-off tester and diagram of the adhesion test procedure. 

Testing m ethodology 

The pull-off tester is applied on wheelpath and off wheelpath in the treated section only (see 
Figure 5) . The maximum pull-off force is determined when the cylindrical aluminum disk is 

Cool Pavement Friction and City of San Antonio Page 9 of 36 
Texture Evaluation, Phase 11 



4 

- THE
Division of Civil and Environmental Engineering - TRANSTEC GROUP 
University of Texas at San Antonio The World's Pavement Engineering Specialists 

separated from the surface. The maximum loading time is also determined from the load -time 
curve provided by the instrument. Using the peak load and the maximum time until the 
separation, the total adhesion energy index (kN. sec) is determined representing the area under 
the triangle. The summary of the pull-off forces and maximum time are compiled in Table 24. 

Load Rate (un;e 

-+-

0 2 4 6 8 10 12 14 16 
Time (�l 

Figure 5. Demonstration of Pull-off tester at SW 21st St with peak load over time diagram. 

MEASUREMENTPLAN 

At each treatment site, friction and texture measurements were conducted on both the treated 
section and on a control section of the same or similar pavement surface. Five measurements were 
made in the wheel path (refer to as on Wheel path}, and two measurements were made outside of 
the wheel path (refer to as off wheel path) , to capture any potential variations in texture and friction 
due to traffic wear. Due to lane closure limitations at each site, measurements of longitudinal 
locations were at different intervals to cover as much of the treated section as was closed. On some 
of the streets, the entire treated section was available and on others it was a portion of the treated 
section. 

A visual determination of the wheel path was made at each test section (refer to Figure 6) . Most 
streets showed a single wheel path between parked vehicles on each side of the street. The SW 21st 

St. had three visible wheel path, one to the east and two on the west side of the street due to parked 
vehicles. The eastmost wheelpath was measured on SW 21st St. On Lucinda, there were four visible 
wheelpath. The outside wheelpath on the east side was measured. Additional details about 
measurement placement are found in the results section. 

At each site, CT Meter measurements were collected first since DF Tester measurements require 
wetting the pavement surface which would affect CT Meter measurements. Before moving the CT 
Meter, a manufacturer-supplied guide was used to mark the exact position for the DF Tester such 
that measurements would be completed in the same location (Figure 7) . New DF Tester rubber 
sliders were installed for each set of control/treated site measurements. 
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Outside edge of road 

Visible wheel path 

Approximate center of road 

Visible wheel path 

Parked
0 vehicle Q 
- -------- - --------0--------0Moving 

vehicle -----------------------------------
..______, 

Parked 
vehicle 

Outside edge of road 

East side of SW 21st Street 

Parked
0 vehicle Q 

Visible wheel path -e---------0-------- - -------- -
Approximate center of road 

Visible wheel path Moving 
vehicleVisible wheel path 

West side of SW 21st Street 

Visible wheel path -0---------0-------- -
Visible wheel path ----------- 0----------

Approximate center of road 

Visible wheel path Moving 
Visible wheel path - v_eh_ ic_ le_ __ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -..__ 

West side of Lucinda 
Not to scale 

Figure 6. Typical measurement locations relative to traffic. 

Figure 7. Example of marking from the CT Meter to align DF Tester in the same location. 
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5 MEASUREMENT RESULTS 

A total of five treatm ent s i tes were i n cl uded i n  the measu rement ser i es (Tab le 1 ) .  Deta i l s  of the 
exact measu rem ent locations and resu l ti ng  data for each s i te a re  presented bel ow. As noted above, 
CT M eter textu re  measurements are reported as M P D  i n  mm .  D F  Tester fr i ct ion coeffi ci ents ( µ) 
a re  reported for 20, 40, and 60 kph test speeds. 

5.1 Carol Crest Str. 

F or this l ocation, the su rface treatment began near the end of A rgonne D r . ,  conti nued a long Carol 
Crest St. ,  and ended after tu r n i ng the corner onto K ay Ann  D r .  The  control section was a 200-ft 
sect ion on K ay Ann  D r . pr ior to a pavement su rface change. A surface treatment appl ication was 
m ade on the control section som eti me between the i n i t ia l  testi ng  (2023)  and the cur rent testi ng  
that is  not part of th i s  project. D ata from the  control section for 2024  cannot be  com pared to  the 
data from 2023 because of the su rface treatment. F rom the cool pavement treatm ent start ing on 
Argonne D r . the m easu rements were m ade at 70, 250, 400, 550, and 675 ft d i stances a long Carol 
Crest S t. T he wheel path was 1 0  ft from the west cu rb  and the outs ide of wheel path data was 
col l ected at 5 ft from the west cu rb. 

T he control secti on measu rements were m ade at 6, 50,  1 00, 1 50, and 200 ft from the treatment 
end. T he wheel path and outs ide  of the wheel path d istances were 1 0  and 5 ft, respectively, from 
the north curb. F ig u r e  8 shows the treated section in yel l ow h igh l i ght and control section in green 
and F igu re 9 shows the marked testi ng  location. 

Argonne Dr Argonne Dr Argonne Dr Argonne Dr ArgonneDr A

Belinda Lee St Belinda Lee St Belinda Lee St Belinda Lee St Belinda Lee St 

Kay Ann Dr Kay Ann Dr ICJ§Aiiil& R&§AIHI Dr 

Google: • 

F igu re  8. M easu rem ent loca tions on Ca r ol C rest S t. a nd K a y  Ann  D r .  
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Figure 9. Photos of Carol Crest St. treatment. 

5.1.1 Texture Results 

Texture values (M PD) for the treated and control sites are shown in Table 2 for the wheel path test 
locations and in Table 3 for the test locations outside of the wheel path. 

Table 2. M PD on wheel path test locations on Carol Crest St. and Kay Ann Dr. 

Test Control Treated 

Number M P D  (m m )  M P D  (m m )  

1 0.34 0.42 

2 0.49 0.54 

3 0.43 0.49 

4 0.48 0.44 

5 0.42 0.5 

Average 0.43 0.48 

Table 3. M PD off wheel path on Carol Crest St. and Kay Ann Dr. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.44 0.99** 

2 0.49 0.54 

Average 0.47 0.54 
** excluded for being over the limit 

5.1.2 Friction Results 

DF Tester friction values on wheel path test locations for the treated and control sites are shown 
in Table 4, and values for the test locations off wheel path are shown in Table 5. 
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Table 4. DF Tester friction coefficients (µ) on wheel path on Carol Crest St. and Kay Ann Dr. 

Control Treated Test 
Number 20 k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60 k m /h 

1 0.36 0.30 0.28 0.48 0.44 0.41 

2 0.43 0.38 0.38 0.55 0.50 0.50 

3 0.44 0.38 0.39 0.51 0.50 0.46 

4 0.41 0.38 0.33 0.60 0.56 0.54 

5 0.43 0.39 0.38 0.50 0.44 0.39 

Average 0.41 0.37 0.35 0.53 0.49 0.46 

Table 5. DF Tester friction coefficients (µ) off wheel path on Carol Crest St. and Kay Ann Dr. 

Control Treated Test 
Number 20  k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60  k m /h 

1 0.49 0.44 0.42 0.62 0.59 0.60 

2 0.45 0.39 0.38 0.66 0.62 0.62 

Average 0.47 0.42 0.40 0.64 0.61 0.61 

5.2 Lucinda 

Measurements were made on the treated surface of Lucinda from Sams Dr. toward E. Ashley Rd. 
and on the control section of Lucinda from Sams Dr. toward Bernard Dr. Longitudinal spacing 
between measurements was nominally 50 ft on both the treated and control sections. The 
wheel path location was 3.5 ft from the east curb. The off wheel path measurements were taken at 
6 ft from the east curb. The map in Figure 10 shows the measurement area of the treated section 
in yellow and the control section in green and Figure 11 shows the marked testing location. 

Arias Tree Trimming 

Figure 10. Approximate locations of measurements on Lucinda. 
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Figure 11. Photos of Lucinda treatment. 

5.2.1 Texture Results 

Texture values (M PD) for the treated and control sites are shown in Table 6 on wheel path and in 
Table 7 off wheel path test locations. 

Table 6. MPD on wheelpath on Lucinda St. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0 . 7 6  0 . 3 7  

2 0 . 5 5  0 . 3 9  

3 0 . 65  0 . 36  

4 0 . 5 9  0 . 3 5  

5 0 . 63  0 . 36  

Average 0 . 64 0 . 3 7  

Table?. MPD off wheelpath on Lucinda St. 

Test Control Treated 

Number M P D  (m m )  M P D  (m m )  

1 0 . 5 4  0 . 3 3  

2 0 . 5 3  0 . 3 2  

Average 0 . 5 4  0 . 3 3  

5.2.2 Friction Results 

DF Tester friction values on wheel path test locations for the treated and control sites are shown 
in Table 8, and values for the test locations off wheel path are shown in Table 9. 
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Table 8. OF Tester friction coefficients (µ) on wheel path on Lucinda St. 

Control Treated Test 
Number 20 k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60 k m /h 

1 0.50 0.49 0.45 0.33 0.28 0.28 

2 0.60 0.55 0.55 0.33 0.28 0.28 

3 0.57 0.55 0.51 0.32 0.27 0.22 

4 0.59 0.56 0.54 0.34 0.28 0.28 

5 0.55 0.51 0.50 0.33 0.27 0.28 

Average 0.56 0.53 0.51 0.33 0.28 0.27 

Table 9. OF Tester friction coefficients (µ) off wheelpath on Lucinda St. 

Control Treated Test 
Number 20 k m /h 40 k m /h 60 k m /h 20 k m /h 40  k m /h 60  k m /h 

1 0.48 0.47 0.45 0.34 0.29 0.28 

2 0.53 0.50 0.50 0.37 0.31 0.28 

Average 0.51 0.49 0.48 0.36 0.30 0.28 

5.3 Mountain Star 

Measurements were made on the treated surface of Mountain Star north of the alley between 
Summer Vail and Stephens Ranch, and the control section was south of the same alley. 
Longitudinal spacing between measurements was nominally at 50 ft intervals on the treated and 
40 ft intervals on the control section. The on wheelpath location was 12 ft from the west curb. 
The off wheelpath measurements were taken at 6 ft from the west curb. The map in Figure 12 
shows the approximate measurement area of the treated section in yellow and the control section 
in green and Figure 13 shows the marked testing location. 
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Google 

Figure 12. Measurement locations on Mountain Star. 

Figure 133. Photos of Mountain Star treatment. 

5.3.1 Texture Results 

Texture values (M PD) for the treated and control sites are shown in Table 10 on wheel path, and 
in Table 11 off wheelpath test locations. 
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Table 10. MPD on wheelpath on Mountain Star. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.87 0.74 

2 0.88 0.62 

3 0.89 0.59 

4 0.83 0.67 

5 0.93 0.85 

Average 0.88 0.69 

Table 11. MPD off wheelpath on Mountain Star. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.82 0.73 

2 0.97 0.85 

Average 0.90 0.79 

5.3.2 Friction Results 

DF Tester friction values on wheel path test locations for the treated and control sites are shown 
in Table 12. Friction values for the test locations off wheel path are shown in Table 13. 

Table 12. DF Tester friction coefficients (µ) on wheelpath on Mountain Star. 

Control Treated Test 
Number 20  k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60  k m /h 

1 0.28 0.30 0.29 0.25 0.26 0.25 

2 0.27 0.28 0.28 0.29 0.28 0.28 

3 0.30 0.31 0.32 0.29 0.28 0.28 

4 0.31 0.33 0.33 0.27 0.27 0.28 

5 0.28 0.29 0.29 0.22 0.23 0.27 

Average 0.29 0.30 0.30 0.26 0.26 0.27 
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Table 13. DF Tester friction coefficients (µ) off wheelpath on Mountain Star. 

Control Treated Test 
Number 20 k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60 k m /h 

1 0.49 0.49 0.48 0.29 0.28 0.28 

2 0.51 0.51 0.51 0.29 0.28 0.28 

Average 0.50 0.50 0.50 0.29 0.28 0.28 

5.4 SW 21st Str. 

Measurements were made on the treated surface of SW 21st St. between S. Laredo and Persyn St. 
and measurements were made on the control section of SW 21st St. between S. Loredo and Potosi 
St. Longitudinal spacing between measurements was approximately 50 ft on both the treated and 
control sections. The wheelpath location was 9 ft from the east curb, a slight change from last 
year's 8 ft from the east curb, to align better with the visible wheelpath. The off wheelpath 
measurements were taken at 4 ft from the east curb. The map in Figure 14 shows the 
measurement area of the treated section in yellow and the control section in green and Figure 15 
shows the marked testing location. 

onzoo ass 

9 Rhodes Park 

Tha Westsld 

M1kes Sprmkler Systems 

Figure 14. Approximate locations of measurements on SW 21st St. 
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Figure 15. Photos of SW 21st St. treatment. 

5.4.1 Texture Results 

Texture values (M PD) for the treated and control sites are shown in Table 14 on wheel path and 
in Table 15 off wheel path test locations. 

Table 14. M PD on wheel path on SW 21st St. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.58 0.43 

2 0.51 0.45 

3 0.55 0.46 

4 0.51 0.45 

5 0.67 0.43 

Average 0.56 0.44 

Table 15. M PD off wheel path on SW 2 l 51 St. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.57 0.4 

2 0.49 0.37 

Average 0.53 0.39 

5.4.2 Friction Results 

DF Tester friction values on wheel path test locations for the treated and control sites are shown 
in Table 16, and values for the test locations off wheel path are shown in Table 17. 
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Table 16. DF Tester friction coefficients (µ) on wheelpath on SW 2l  51 St. 

Control Treated Test 
Number 20 k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60 k m /h 

1 0.40 0.39 0.39 0.28 0.26 0.26 

2 0.41 0.39 0.38 0.29 0.27 0.27 

3 0.42 0.39 0.39 0.32 0.28 0.28 

4 0.49 0.46 0.45 0.30 0.28 0.28 

5 0.41 0.39 0.39 0.30 0.28 0.28 

Average 0.43 0.40 0.40 0.30 0.27 0.27 

Table 17. D F Tester friction coefficients ( µ) off wheel path on SW 21st St. 

Control Treated Test 
Number 20  k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60  k m /h 

1 0.61 0.57 0.57 0.37 0.33 0.32 

2 0.69 0.66 0.65 0.35 0.32 0.31 

Average 0.65 0.62 0.61 0.36 0.33 0.32 

5.5 Piper Dr. 

Measurements were made on the treated surface of Piper Dr. from Loy Dr. southwest and the 
measurements on the control section were on Loy Dr. approximately centered on Piper Dr. to 
avoid visual changes in pavement on Loy Dr. east and west of Piper Dr. Longitudinal spacing 
between measurements was approximately 50 ft on both the treated and control sections. The 
wheel path location was 9 ft from the east curb on Piper and 11 ft from the north curb on Loy. The 
off wheel path measurements were taken at 4.5 ft from the east curb on Piper Dr. and 5.5 ft on Loy 
Dr. The slight variation on wheelpath location on Piper Dr. was to better align with visible 
wheel path. The map in Figure 16 shows the approximate measurement area of the treated section 
in yellow and the control section in green and Figure 17 shows the marked testing location. 

Note: It is not known whether the control surface on Loy Dr. is the same as the treated pavement 
surface on Piper Dr. 
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Figure 16. Measurement areas on Piper and Loy Dr. 

Figure 17. Photos of Piper Dr. treatment. 

5.5.1 Texture Results 

Texture values (M PD) for the treated and control sites are shown in Table 18 on wheel path and 
in Table 19 off wheel path test locations. 
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Table 18. M PD on wheel path on Piper and Loy Dr. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.51 0.33 

2 0.57 0.33 

3 0.47 0.3 

4 0.66 0.3 

5 0.55 0.35 

Average 0.55 0.32 

Table 19. MPD off wheelpath on Piper and Loy Dr. 

Control Treated Test 
Number M P D  (mm )  M P D  (mm )  

1 0.47 0.32 

2 0.56 0.32 

Average 0.52 0.32 

5.5.2 Friction Results 

DF Tester friction values on wheel path test locations for the treated and control sites are shown 
in Table 20, and values for the test locations off wheel path are shown in Table 21. 

Table 20. DF Tester friction coefficients (µ) on wheel path on Piper and Loy Dr. 

Control Treated Test 
Number 20 k m /h 40 k m /h 60 k m /h 20 k m /h 40 k m /h 60 k m /h 

1 0.50 0.48 0.46 0.38 0.31 0.29 

2 0.52 0.51 0.50 0.34 0.29 0.28 

3 0.51 0.50 0.47 0.36 0.30 0.28 

4 0.55 0.53 0.53 0.41 0.33 0.30 

5 0.40 0.39 0.39 0.37 0.32 0.30 

Average 0.50 0.48 0.47 0.37 0.31 0.29 
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Tab le  2 1 . D F  T ester fr i ct ion coeffi c ients ( µ) off wheel path on P i per and  L oy D r .  

T es t  C o n t r o l  T r ea ted  
N u m  ber  2 0  k m / h 4 0  k m / h 6 0  k m / h 2 0  k m / h 4 0  k m / h 6 0  k m / h  

1 0 . 6 1  0 . 59  0 . 5 7  0 . 3 5  0 . 28  0 .28 
2 0 . 6 1  0 . 5 7  0 . 54  0 .43 0 . 3 3  0 . 33  

Aver age 0 . 6 1  0 . 58  0 . 56  0 . 39  0 . 3 1  0 . 3 1 

5.6 Overall Summary 

Tab le 22  summar i zes the average texture and  fr i ct ion resu l ts from each of the test s i tes . F or 
s imp l i ci ty, on ly the D F  Tester fr i ct ion va l u e  at 20  km/ h for each s ite as th is i s  the fr i cti on va l u e  
com monly reported for surface eva l u at ion . 

T ab le  2 2 .  Over a l l  s umm ary of average texture and  fr i ct ion resu l ts for a l l  s i tes i n  2024.  

T extu r e  ( M P D , m m ) F r i ct i o n  ( D F T 2 0 )  

O n  W h eel  p a t h  O n  W h eel  p a th O ff W h ee l  p a th 

T r ea tment Control Control T r ea tment Control T r ea tm ent 

C a r o l 0.48 0 .47 0 . 54  0 .4 1  0 . 5 3  0 .47 0 .64C r es t 1 

L u c i n d a 0 . 37  0 . 54  0 . 33  0 . 56  0 . 33  0 . 5 1  0 . 36  

M o u n ta i n  0.88 0 .69  0 .9  0 .79  0 .29  0 .26  0 .5  0 .29S ta r  

S W  2 1 s t 0 .56 0 .44 0 . 5 3  0 . 39  0 .43 0 .3  0 .65 0 .36s t. 

P i p e r  D r . * 0 . 5 5  0 . 3 2  0 . 5 2  0 . 3 2  0 . 5  0 . 3 7  0 . 6 1  0 . 3 9  

M i n i m u m  
M a x i m  u m  

0.43 0 . 32  0 .47 0 . 32  0 . 29  0 .26 0 .47 0 .29 
0 .88 0 .69 0 .90 0 .79  0 . 56  0 . 53  0 .65  0 .64 

* A Control  s ite wa s o n  a d i ffer ent str eet tha n a t rea ted s i te. 

F rom the s ummary of the texture  and fr i ct ion data,  the m i n imum and maxi m u m  records of a l l  
s i tes a re  a l i gned with other stud ies conducted by M art i no  and  Weissmann  ( 2008) on  7 1  aspha l t  
pavement state h i ghways i n  T exas. I n  thei r study, the M P D  ran ges from 0 .39  to  3 .80 mm and the 
D FT20  ranges from 0.20 to 0.90. T ab le  22  suggests that the t reated and untreated pavem ent 
cond it ions a re  with i n  r ange with equ iva l ent state h ighways provid ing  adequate su r face 
char  act er i sti cs . 

To  provide a com par ison of the cool pavement s ites perfor mance i n  the next secti ons, i t  i s  
i m porta nt to i n cor porate the texture  and  fr i ct ion measu rements from 2023 as part of P hase I of 
th is  study shown i n  T able  2 3 .  
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T ab le 2 3 .  Over a l l  s umm ary of average texture and  fr i ct ion resu l ts for a l l  s i tes i n  2023 .  

T extu r e  ( M P D , m m ) F r i ct i o n  ( D F T  2 0 )  

O n  W h eel  p a th O ff W h ee l  p a th O n  W h eel  p a t h  O ff W h ee l  p a th 

Contr ol T r ea tment Control T r ea tment Control  T r ea tment Control T r ea tment 

C a r o l 0 .54  0 . 5 8  0 . 7 1  0 . 3 5  0 . 5 8  0 .46 0 . 6 5C r es t 1 

L u c i n d a 0 . 5 5  0 .4 1  0 .39 0 . 5  1 0 . 27  0 . 5  1 0 . 29  

M o u n ta i n  
S ta r  0 .84  0 .76  0 . 7 6  0 . 3  0 .29  0 .56  0 . 3 1  

S W  2 1 s t 
s t. 0 . 53  0 .46 0 .44 0 .45 0 . 5 3  0 . 3  0 .66 0 . 3 3  

P i pe r  D r . 1 0.52 0 . 3 5  0 . 7 3  0 . 3 5  0 .44 0 . 2 7  0 . 5  0 . 3  

Al though the  testi ng  data wer e col l ected i n  2024  a t  t he  s i tes us i n g  same equ ipment and  operator, 
the exact l ocations in wh i ch the equ ipment was p laced va r i ed based on ava i l ab le  spaces from 
par ked veh i c l es, tr affi c control ,  a nd  surface cond i t ions bei ng  dry and  free from debr i s .  H owever, 
the n umber of testi ng  data is cons idered representative of the s ite cond i t ions .  

6 DISCUSSIONS OF RESULTS 

6.1 Friction and Texture measurements 

F igu res 1 8  ( a-e) present the texture and  fr i ct ion measu rements of Tab les 22  and  2 3  for the five 
s i tes . I n  gener a l ,  ther e  is no speci fi c patter n that supports whether either texture  or fr i ct ion 
i ncreases or decreases due to tr affi c and  envi ronmental effect. As suggested by l i terature, 
dependent on aspha l t  pavement mater i a l s  character ist ics ( e.g. , aggregate type, b inder source and  
grade, a i r  voids, etc.) they tend to  affect the  evol uti on of texture and  fr i ct ion over t i  me ( X i ao et a l .  
2023 ) . G ener a l l y, the  appl i ed treatm ent to  certa i n  extent can hel p  with restor i n g  texture and  
fr i cti on on deter iorated su rface to  meet speci fi cat ion gui del i nes but  not necessa r i ly ma i n ta i n  them 
over a per iod of ti me. 

As can be shown, the appl i ed treatm ents at fou r  s i tes with Sea l M aster and  G ua rdT op tend to 
reduce the surface texture by 30% i n  2024 and  by 20% i n  2023 as com pared to control pavement. 
H owever , on the contra ry, treated sections tend to decrease the fr i ct ion by 32% i n  2024 and  39% 
i n  2023  as com pared to control pavement. The GAF  treated s ite, on the contra ry, showed i n crease 
in texture  by 1 3 % in 2024 and 22% in 2023 and fr i ct ion by 33% in 2024 and 54% in 2023 .  As 
expected, i n creas ing  textu re  i s  gener a l ly associ ated with i n creas i ng  fr i ct ion and  vice versa .  T he  
cons isten cy for th is  trend i n  a l l  s i tes after > 500 days of performance suggests that t h e  treatm ent 
conti nues to ma i nta i n  and preserve the su rface character ist ics u nder tr affi c and  envi ronmenta l  
effect changes . T here a re  two factors that affect treatm ent perfor mance; envi ronmental effect and 
tr affi c. T he fol l owi ng  i s  a d iscuss ion on the effect of tr affi c and  envi ronmental effect on the texture  
and  fr i ct ion of cool pavement treatm ent cons ider i n g  thei r performance s i nce i nsta l l at ion .  
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■ Piper Dr.(2024) ■ Piper Dr.(2023) 
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Figure 18. Summary of texture and friction measurements for all projects in 2023 and 2024. 

6.2 Effect of traffic and environmental factors 

The off wheelpath areas are not exposed to the same traffic volume as on wheelpath areas as 
evident in the tire imprints. With the testing conducted either in the parking lane or between the 
wheel path, it is fair to assume that the off wheel path areas are mostly affected by environmental 
factors (heat, rainfall, solar radiation, moisture, etc. ) only. Therefore, tracking the texture, and 
friction measurements changes in the off wheelpath areas is indicator of the treatment 
performance to environmental effect over time. In addition, comparing the off wheelpath 
measurements on treated sections against their counterparts on control sections, is indicator of 
treatment effect to pavement surface. Arguably, considering the on wheelpath measurements 
changes is indicator of the treatment performance under traffic and environmental effect 
combined. 

The following formula is considered when analyzing the effect of traffic and environmental factors 
for control and treated surfaces. 

Relative difference ( % ) = (Treatm ent property - Control property) / (Control 
property) x 100 

Where "property" is referred to texture or friction measurements. 

The average relative differences between surface texture in control and treated sections are 28% 
and 26% for on wheelpath and off wheelpath in 2024, respectively. This implies that traffic has 
negligible effect on the cool pavement treatment as they retain their integrity to reduce the M PD 
on applied surfaces. 

The average relative differences between friction measurements in control and treated sections 
are 27% and 38% for on wheelpath and off wheelpath in 2024, respectively. This implies that 
traffic has considerable effect to smooth pavement surface due to the induced tire load to polish 
aggregates. In 2023, the average relative differences were 40% and 44% for on wheel path and off 
wheelpath, respectively. This implies the short duration (nearly 60 days) of traffic exposure to 
impact surface friction changes. 
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W ith r espect to i nd ividua l  t reatm ent effect on pavement i n  2024, GAF  showed an  i n crease i n  
texture  by an  average 1 3% wh i l e  S ea l  M aster and  G uardT op  showed a reduct ion by 29%  and 32%, 
respectively. F or the fr i ct ion measu rements, GAF  showed an  i n crease of 33% wh i l e  Sea lM aster 
and  G uardT op showed a reducti on of 3 1  % and 34%, respectively. 

T he average rel ative d i fferences between su rface texture from 2023 to 2024 for a l l  products a re 
reduced by 1 0% and 1 3% for the on wheel path and  off wheel path, respectively. On  the other hand, 
for the fr i ct ion measurements, the average rel at ive d i fferences i ncreased by 1 6% and 1 4% for the 
on wheel path and off wheel path, respectively. T h is imp l i es no  s i gn ifi cant d i fference between the 
texture  and  fr i ct ion evol ut ion with time  on wheel path and off wheel path a reas .  

W i th respect to perfor mance evol ut ion with time  (from 2023 to 2024) ,  GAF has shown the most 
reducti on of texture by an average of 2 1  % fol l owed by Sea lM  aster at 8% and G uardT op at 9%. For 
the fr i ct ion, G uardT op showed the most i n crease over t ime  by an  aver age of 2 5%, fol l owed by GAF  
with 7% and GAF  with a reduct ion of 5%.  

6.3 Adhesion Strength 

T he energy i ndex, wh ich combines the force and  ti me to pu l l  th e cool pavement coati ng  off from 
exi sti n g  surface, is  an i nd i cat ion of adhes ion strength when com pa r i ng  products perfor mance, 
defi ned as fol l ows : 

E n e r gy I n d ex ( k N . s ec )  = 0 . 5 0  x P ea k  l o a d  ( k N )  x L o a d i n g  t i m e  ( s ec )  

As can  be  seen i n  Tab le  24, the adhes ion on  wheel path i s  more  than off wheel path for a l l  products 
i n  th i s  eva l u at ion phase (> 500 days) . T h is observati on was a l so  a l i gned with measu rements i n  
2 023  ( <  200  days) with t he  exception of G A F .  H owever, GAF  and  G ua rdT op have shown an  
i n crease i n  adhes ion d ifferenti a l  between on and  off wheel path wh i l e  on  the contrary Sea l  M aster 
have shown a decrease of adhes ion with ti me. T h is may be attr i buted to severa l  factors but more 
i m portant ly is  the tr affi c l oad ing effect that h el ps penetrate the coat ing mater i a l s  i nto the 
substrate over ti me l ead i ng  to i ncreased adhes ion strength (Tab le  25 ) . 

Another cons iderat ion i s  the agi ng of the coati ng  mater i a l s  over ti me  that a l so  contr i buted to 
i n creas i n g  adhes ion .  T h is is supported by th e evol ut ion of adhes ion over ti me as shown i n  F i gu re  
1 9 . T he  bond ing  strength systemati ca l ly i ncreases by va r i ous degrees among the cool pavement 
products after nea r ly  a yea r fr om the l ast test i ng  phase in 2023 .  T he on ly excepti on was the GAF  
a t  t h e  off wheel path a rea .  

T ab le  24:  P u l l -off adhes ion testi ng  data on  treated su r faces .  

O n  O ff 
O n  W h eel  p a t h  O ff W h ee l  p a t h  

W h eel  p a t h  w h ee l  p a th 

T r ea t m e n t  . . . . 

. 

. . . . 

-

. . .  
-

E n e r gy I n d ex ( k N . s ec)  
L oc a t i o n  ■•■- -

C a r o l  C r es t  S t . 2 .53  7 .60 2 .76 6 .50 9 .6 1  8 .96 

L u c i n d a S t . 2.97 7.60 2.49 6 . 1 0  1 1 .28 7 .58 

M o u n ta i n  S ta r  S t. 1 .9 1  5 . 1 0  1 .78 4 .70 4.87 4. 1 8  

S W  2 1 s t S t .  1 .56 7 .50 1 .56 5 .80 5 .87 4.52 

P i p e r  D r .  2 .87 6 .50 2 .52 5 .50 9 .32 6 .92 
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I t  i s  noted to ment ion that adhes ion testi ng  was l im i ted to a s i ng le poi nt at each of the s i tes i n  
T ab le  24 due  t o  the l i m ited time  provided by tr affi c control t o  conduct mu l t ip le  testi ng  poi nts. 
T herefore, fu rther testi ng  i s  h igh ly suggested to account for testi n g  va r i abi l i t ies with i n  the s i te. 

T ab le  2 5 .  E ffect of tr affi c on adhes ion strength .  

% A es i o n  P e r  o r m a n ce % A es i o n  P e r  o r m a n ce 
P r od u ct i n c r ea s e ( E n er gy per i o d  ( d a y s )  i n c r ea s e ( E n er gy per i o d  ( d a y s )  

i n d ex)  i n d ex)  

GAF  553  

Sea lM aster 52  1 2 5 1 6  506 
G uardTop 22  1 8 1 3 5  536 

-ve i s  i nd i cat ion of h i gher adhes ion off wheel path than on wheel path 

12.00 

u 
10.00 

Qj 

:::. 8.00 

Qj 

6.00 

4.00 

2.00 

0.00 

■ On Wheelpath (2024) ■ On Wheelpath (2023) 

Off wheelpath (2024) ■ Off whee lpath (2023) 

Carol Crest (GAF) Mountain Star/SE 21st (Seal Lucinda/Piper (Guardlop) 

Master) 

F i gu re  1 9 . E vol ut ion of adhes ion strength over time. 

SITES ASSESSMENT 

Visua l  assessment was conducted to eva l u ate treatm ent and  su r face character i sti cs cond i tions to 
eva l u ate thei r  performance after one yea r of treatm ent appl i cat ion . T h e  fol l owi ng  is the sum mary 
of the s i tes assessment. 
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7.1 Mountain Star 

The SealMaster treatment showed no apparent sign of surface cracking. There was also no sign of 
delamination or degradation of the treatment particularly on wheelpath. At both ends of the 
treatment section along the interface with control section, one can notice the color separation line 
which suggests a fully intact treatment. H owever, the coloration of the treatment appears to 
become darken, particularly in the wheel path areas as compared to the parking lanes along both 
directions. Surface discoloration occurred due to tire tracking and oil spills at various locations. 
Tire tracking is mostly visible on wheelpath and at the tuning paths with the intersection of 
crossing streets. Oil spills appear mostly at the parking lanes. The intensity of the tracking or oil 
spills is not severe to affect treatment integrity and adhesion with existing pavement surface. 
Overall, the Seal Master treatment from the preservation perspective seems to function fairly well 
(Figure 20) . 

Figure 20. Site photos from Mountain Star. 

7 .2 SW 21st St. 

The SealMaster treatment showed excessive delamination in several areas particularly in the 
wheel path of the lane adjacent to the school entrance. This may be attributed to high volume drop 
off and pick up traffic. A significant difference in the treatment surface appearance from both 
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directions may suggest the inability of the treatment to sustain high volume stop-and-go traffic. 
Another observation is the complete delamination of the treatment at the turning lanes near the 
intersections with S. Laredo and Persyn St. 

There was no apparent sign of excessive surface cracking with the exception of outer wheel path 
(near sidewalk) in the opposite direction of the school. H owever, it was very minimal at time of 
inspection. It is noticeable from previous visits after rainfall that runoff accumulates along the 
edges with the side curb. The runoff, however, appears to have no effect on treatment 
delamination as they occurred primarily on wheel path. 

The discoloration of the treatment is affected by oil spills in few spots at the parking lane. 
H owever, they are very limited and have no effect in the treatment adhesion with existing surface. 
It is also noticeable that the significant difference in light coloration of the applied treatment in 
the parking lane and traffic lane is attributed to the tire rubber imprint. Overall, the treatment 
appears to be in poor condition due to high volume school traffic (Figure 21 ) .  

Figure 21. Site photos from SW 21st St. 
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7.3 Carol Crest St. 

The GAF surface treatment appeared to be free from cracking and delamination from existing 
pavement. The treatment surface color is not clearly distinguished from a freshly applied asphalt 
pavement toward site ends and intersection with Belinda Lee St. 

In terms of discoloration, there are no visible oil spills or tire tracking which may be attributed to 
the near dark color of the treatment. From the pavement preservation perspective, the treatment 
seems to function fairly well (Figure 22) . 

Figure 22. Site photos from Carol Crest St. 
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7.4 Lucinda 

The G uardT op treatment for the most part of the site appears to be intact with few exceptions on 
wheel path in the northbound direction to Ashley rd. This is the only site with no curb and sidewalk 
which attribute to the longitudinal cracking along the pavement edges in both directions. There 
is also noticeable longitudinal cracking on wheelpath in both directions with few that were 
previously sealed prior to the treatment. The width of non sealed cracks warrants the need for 
crack sealing treatment. In terms of the treatment discoloration, there is no sign of oil spills or 
tire tracking. Overall, the treatment appeared to be in acceptable condition considering the low 
traffic and lack of curbs that protect against pavement edges failure (Figure 23) . 

Figure 23. Site photos from Lucinda St. 
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7 .5 Piper Dr. 

The GuardTop treatment showed no delamination. With the exception of single longitudinal 
crack, the surface seems to be fully intact and well covering of existing pavement. Tire tracking is 
the most visible discoloration noticed in most areas of the treatment attributed to contrast of tire 
rubber and light treatment color. There is no significant difference in the treatment color at the 
interface with conventional pavement surface at Freeman Dr. Over al I ,  the treatment appeared to 
be in fairly well conditions due to its adhesion and coverage to existing surface (Figure 24) . 

/ 
I 

Figure 24. Site photos from Piper Dr. 

CONCLUSIONS 

In phase 2 of this pilot program, five cool pavement treated sites and control (untreated) sites 
were evaluated using surface texture, friction, and adhesion strength to existing pavement. Three 

Cool Pavement Friction and City of San Antonio Page 35 of 36 
Texture Evaluation, Phase 11 

8 



- THE
Division of Civil and Environmental Engineering - TRANSTEC GROUP 
University of Texas at San Antonio The World's Pavement Engineering Specialists 

cool pavement products were used in the sites namely, GAF, SealMaster, and GuardTop. The 
following is the summary of all findings; 

• SealMaster and GuardTop treated sites showed reduction in texture and friction while, in 
contrast, GAF treated site showed increase in texture and friction compared to their 
control counterparts in 2024. 

• When comparing between on wheelpath and off wheelpath characteristics, there was 
negligible difference in texture in both treated and control sites, but considerable 
reduction in friction for the case of on wheel path due to the induced tire loading. 

• Over time, traffic tends to polish and smooth pavement surface and reduce friction. Traffic 
also helps increase adhesion strength of cool pavement products to existing surface. 

• In terms of adhesion strength when comparing on and off wheelpath, GuardTop had the 
highest increase in adhesion on wheelpath while GAF had a lesser degree of increase. 
SealMaster on the contrary showed reduction of strength with time. 

• Site assessment implied that except SW 2l  51 St. , all sites have showed fairly well 
appearance, and performance in terms of surface crack intensity, delamination from 
exiting surface and discoloration. 

• As concluded by the heat mitigation measure study conducted in parallel to this pavement 
assessment study, it was concluded that SealMaster and GuardTop had the highest and 
least in terms of reducing surface temperatures. On the other hand, GAF heat mitigation 
performance tends to stay in the middle among other treatment options. 
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