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Caltrans constructed a pilot project on I-5 near 
Solana Beach with various ground surfaces and 
demonstrated the benefits—namely, improved 
smoothness, reduced noise emissions, increased 
surface friction, and increased texture—of 
conventional diamond ground (CDG) and next-
generation concrete surface (NGCS) techniques 
installed on existing 1960s-, 1970s-, and 2000s-era 
pavements. 

W H A T  M O T I V A T E D  T H E  S T U D Y ?  
On most high-volume, high-speed roadways, noise 
emissions are predominantly caused by the 
interaction between the vehicle tires and the 
pavement surface, and the resulting noise levels can 
be irritating to both vehicle occupants and the 
communities surrounding the roadway facility 
(Lodico and Donavan 2018).  

The California Department of Transportation 
(Caltrans) has explored various approaches for 
reducing noise emissions of existing concrete 
pavement surfaces, including the placement of thin 
asphalt overlays (e.g., asphalt rubber friction 

courses, ARFC) and various diamond grinding 
alternatives. The overlay treatments use the 
acquisition, processing, and placement of virgin 
materials that incur economic and environmental 
costs and also exhibit reflection cracking issues and 
a degradation in the noise reducing characteristics 
of the surface over time (Lodico and Donovan 2018). 
Conventional diamond grinding (CDG), on the other 
hand, has been used by Caltrans for decades as a 
means of restoring the ride quality and frictional 
qualities of existing concrete pavements. It is 
relatively inexpensive and does not involve the use 
of new materials to provide the desired surface 
characteristics and can be done multiple times over 
the life of the pavement (FHWA 2015). To further 
advance the use of grinding techniques, Caltrans 
constructed a pilot project that featured CDG as well 
as a technique referred to as the next generation 
concrete surface (NGCS). NGCS is a new surface 
texture that was of interest to Caltrans because of its 
demonstrated effectiveness in significantly reducing 
noise emissions to an even greater extent than CDG 
(Scofield 2012). 

W H A T  W A S  D O N E ?  
The pilot project was located on a portion of I-5 near 
Solana Beach, just north of San Diego (see figure 1). 
The primary focus of this project was to evaluate the 
noise reduction associated with CDG and NGCS 
textures as applied to existing concrete pavements. 
In addition to noise, Caltrans also evaluated the 
surface friction and smoothness associated with 
each technology, and these are both considered 
important sustainability indicators; surface friction 
because it directly contributes to driver safety and 
smoothness because it contributes to increased 
rider comfort, decreased damage to vehicles and 
goods in transit, improved vehicle fuel economy and 
reduced emissions, and extended pavement service 
life (FHWA 2015).  

C O N C R E T E  S U R F A C E  T E X T U R I N G  
P I L O T  P R O J E C T  I N  C A L I F O R N I A  

 
F H W A - H I F - 1 9 - 0 8 5  



C O N C R E T E  S U R F A C E  T E X T U R I N G  P I L O T  P R O J E C T  I N  C A L I F O R N I A  

2  

MARCH 2021  
FHWA–HIF–19–085  

 
Imagery © 2020 CNES / Airbus, Data CSUMB SFML, CA OPC, Landsat / 
Copernicus, Maxar Technologies, U.S. Geological Survey, USDA Farm Service 
Agency; Map data © 2020 Google; The map overlays (box, labels, and lines) 
marking the project limits were added for this case study.  

Figure 1. Location of I-5 pilot project in Solana Beach. 

CDG is a versatile technique that has been used to 
restore functionality of older pavements, bring newer 
pavements into smoothness compliance through 
“spot grinding,” and as an overall treatment of newly 
constructed pavements to establish exceptional 
functional surface characteristics (improved 
smoothness and reduced noise). CDG uses a series 
of diamond blades of the same diameter mounted on 
a rotating shaft, with smaller diameter blades placed 
between them to allow for heat dissipation and slurry 
flow from the surface. This produces “fins” or “ridges” 
between the cuts made by the blade that break off 
and thereby provide texture (see figure 2).  
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Figure 2. Example CDG surface. 

The NGCS is an innovative surface texture that was 
developed primarily as a means of reducing noise 
levels on high-volume roadways but can be used on 
virtually any facility type and on both new and existing 
concrete pavements. The NGCS features a 
combination of flush grinding and grooving to create a 
manufactured surface (see figure 3) that exhibits 
reduced noise emissions. Caltrans specifies that the 
NGCS be constructed in a two-pass method: the first 
pass is a profile (flush) grind to improve the ride quality 
and microtexture, and the second pass creates 
grooves to provide macrotexture (Guada et al. 2013). 
For this project, Caltrans specified that the grooves be 
between 0.15 and 0.187 inches deep and spaced 0.50 
to 0.625 inches apart (Guada et al. 2013). 

 
© 2020 Applied Pavement Technology, Inc. 

Figure 3. Example of two-pass NGCS:  
after flush grind (a) and after grooving (b). 

In the project being illustrated in this case study, 
Caltrans applied CDG on a 10-mi segment of I-5 
(both directions, all lanes) in 2010. The NGCS was 
installed in 2012 over 1-mi test segments of various 
concrete pavements originally constructed in the 
1960s, 1970s, and 2000s. The 2011 average annual 
daily traffic (AADT) for the project was 148,000 
vehicles per day with approximately 5,600 trucks 
(Guada et al. 2013). 

The evaluation of the CDG and NGCS technologies 
performed by Caltrans on the I-5 project consisted of 
the following testing activities (Guada et al. 2013): 

Laura.Lawndy
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The red on yellow fails color contrast.  since the red lives on the yellow and is conveying information it must pass color contrast.
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• Pavement smoothness was measured using 
profiling techniques collected in accordance with 
ASTM E950. The resulting International 
Roughness Index (IRI) was computed from the 
profile data as per ASTM E1926. 

• Noise generated at the tire-pavement interface 
was measured using the On-Board Sound 
Intensity (OBSI) method in accordance with 
AASHTO TP 76. 

• Surface friction was collected in accordance with 
ASTM E274 (featuring the use of both a smooth 
tire [ASTM E524] and a ribbed tire [ASTM E501] 
and expressed in terms of a skid number (SN) at 
a baseline speed of 40 mi/hr (SN40). 

These data were collected on the I-5 project at 
different times, including prior to grinding, after 
conventional diamond grinding, and after the 
completion of NGCS operations. 

WHAT BENEFITS WERE ACHIEVED? 
Table 1 summarizes the overall testing results for the 
I-5 project, both prior to application of the treatment 
and after the construction of the CDG and NGCS test 
sections (data from Guada et al. 2013). These 
results from Caltrans show that both CDG and 
NGCS texturing techniques had positive impacts on 
sustainability in terms of improved smoothness 
(expressed as IRI), reduced noise emissions 
(expressed as OBSI), and improved surface friction 

(expressed as SN); furthermore, each of those 
indicators have significant impacts on the three 
pillars of sustainability (economic, environmental, 
and social) (FHWA 2015), as described in the 
following sections.  

SMOOTHNESS 
The CDG significantly reduced the IRI from 158 to 
60 inches/mi (a 60 percent reduction) with the NGCS 
surface showing a further reduction of 20 inches/mi 
for a final IRI of 40 inches/mi (a 76 percent 
reduction). The IRI values of the treated surfaces are 
comparable to those achieved for high-quality new 
pavement. This has a broad positive impact on 
sustainability due to the significant improvement in 
rider comfort (social benefit), reduction in damage to 
vehicles and goods (economic benefit), and 
improved fuel efficiency and reduced vehicle 
emissions (economic and environmental benefit) 
(FHWA 2015).  

The positive impacts of the grinding were also shown 
to go beyond just initial effects, as illustrated in 
figure 4 (Guada et al. 2013). This figure shows the 
time-series roughness data for the various surfaces 
and demonstrates that the ride quality associated 
with the treatments remained stable after 6 years of 
service under high traffic volumes. 

 

 

 
Table 1. Summary of testing results for I-5 project. 

Pavement Texture 
Disposition 

Project Avg. IRI 
(inches/mi)* 

Project Avg. OBSI  
(dBa) 

Project Avg. SN–
Ribbed Tire 

(SN40)* 

Project Avg. SN–
Smooth Tire 

(SN40)* 
Original Pavement  158 105.2 - - 
After CDG by itself 60 103.2 48 42 

After NGCS by itself 40 100.7 44 39 
* Average of testing in all lanes in both NB and SB directions. 
- no data 
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Notes: 2010–2012 IRI data collected by the University of California 

Pavement Research Center 
 2015–2018 IRI data collected by Caltrans 

Figure 4. IRI for a) northbound and  
b) southbound directions. 

TIRE-PAVEMENT NOISE 
As shown in table 1, the application of CDG by itself 
reduced project average noise levels from 105.2 dBa 
to 103.2 dBa (a reduction of 2 dBa), while the 
application of NGCS by itself reduced project 
average noise levels from 105.2 dBa to 100.7 dBa (a 
reduction of 4.5 dBa). These results are consistent 
with reductions that others have realized when using 
these concrete pavement texturing techniques 
(Snyder 2006). Studies by Caltrans have shown that 
rates of increase in OBSI levels for CDG sections 
ranged from 0.09 to 0.12 dBa/year, compared to 
roughly 0.5 dBa/year for ARFC surfaces (Lodico and 
Donavan 2018). Tire-pavement noise is known to be 
annoying to surrounding communities and may have 
negative health impacts, thus reducing it in a cost-
effective manner has positive social and economic 
value (FHWA 2015). 

SURFACE FRICTION 
The summary of the test results presented in table 1 
indicates that CDG by itself produced slightly higher 
skid numbers than the NGCS texturing by itself. 
However, in both cases the CDG and NGCS textures 
provide positive social and economic impact by 
creating a safe surface for the traveling public, 
meeting the minimum desired skid number of 35 for 
heavily traveled high-speed roadways. As expected, 
the skid numbers for the ribbed tire are higher than 
those of the smooth tire because the treads in the 
tire permit water to be removed from the tire-
pavement contact area (Guada et al. 2013). And 
these benefits are achieved without the placement of 
an additional paving layer, which would have 
negative environmental impacts. 

COST-EFFECTIVENESS EVALUATION 
A limited cost-effectiveness evaluation performed by 
Guada et al. (2013) found that although the NGCS 
generally showed a more significant beneficial effect 
on reduction of roughness and noise than CDG, the 
higher installation cost associated with NGCS often 
resulted in a lower impact factor (i.e., the cost per 
unit improvement) than CDG. However, these 
results may not accurately reflect long-term trends 
as the unit costs for NGCS were high as the 
procedure was relatively new at the time and the 
project size was relatively small. Based on a multi-
project evaluation of the relative cost-effectiveness 
of CDG and NGCS in reducing noise levels and 
improving ride quality, it was suggested that NGCS 
should be used in noise-sensitive areas and CDG 
used where improving ride quality is the primary goal 
(Guada et al. 2013). 
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W H A T  W E R E  T H E  K E Y  O U T C O M E S  
A N D  L E S S O N S  L E A R N E D ?  
The project showed that both CDG and NGCS 
techniques were effective in improving the functional 
surface characteristics of older concrete pavements 
(ranging in age from 10 to 40+ years) that are 
otherwise in good structural condition. As part of this 
case study, the following key outcomes were 
identified: 

 
• Both CDG and NGCS significantly reduced 

pavement roughness and the average 
roughness values for both techniques have 
remained relatively stable over a 6-year period. 
This resulted in improved rider comfort, reduced 
damage to vehicles and goods, and improved 
vehicle fuel efficiency reducing emissions.  

• CDG when applied alone reduced the project 
average noise levels by 2 dBa, whereas the 
NGCS when applied alone reduced it by 4.5 
dBa. 

• Both CDG and NGCS were found to provide 
textures that exceeded typical minimum 
requirements for high-speed facilities, providing 
a safe surface for the traveling public. 

• A limited cost-effectiveness evaluation 
conducted for this project found that CDG had a 
higher impact factor (cost per unit of 
improvement) than NGCS, even though the 
NGCS provided a smoother and quieter surface. 
However, these results may not accurately 
reflect long-term trends as the unit costs for 
NGCS were high as the procedure was relatively 
new at the time and the project size was 
relatively small.  

Both techniques provided substantial functional 
improvement to the existing concrete pavements at 
a relatively low cost without the addition of new 
materials to the pavement surface. 
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“The Next Generation Concrete Surface 
(NGCS) used by Caltrans on the demonstration 
project on I-5 near Solana Beach was developed 
to meet the demands of today’s driving public, as 
well as those living in the vicinity of dense 
roadway traffic. It is a cost-effective, super smooth 
concrete surface with low noise characteristics 
making it an ideal sustainable surface for urban 
interstates, arterials and residential areas where 
tire/pavement traffic noise is a concern.”  
 

–John Roberts, Executive Director, International 
Grooving and Grinding Association 

https://www.fhwa.dot.gov/pavement/sustainability/hif15002/hif15002.pdf
https://www.fhwa.dot.gov/pavement/sustainability/hif15002/hif15002.pdf
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