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Introduction 

Diamond Grinding Experiment 

As a result of research conducted by Purdue University, and the recent successful 

demonstration of this texture at MnROADS, two 600 ft. long diamond grinding test sections 

were constructed on the Chicago I-355 project currently under construction by K-5 Construction 

Corporation.  The two test sections were constructed in the outermost lane (e.g. Lane No. 3) of 

the northbound roadway just south of 175
th

 Street.  Figure 1 is a photo of the test area looking 

south from the 175
th

 St. structure. 

 

 
Figure 1 Photo of Test Sections Looking South From the 175 Street Overpass 

 

The purpose of the I-355 test sections was to further evaluate the constructability of the 

new texture and to place the textures on a roadway which would be open to traffic.  The 

construction of these test sections, unlike the MnROAD sections, was conducted using standard 

highway profiling equipment.  A Cushion Cut PC-5000B diamond grinder was used to construct 

the two test sections.  This machine, which has a 4 ft grinding head, typically uses 50-60 blades 

per foot.  In the configuration here, without spacers between the blades, the grinding area on a 

full head stack was reduced from approximately 50 inches to approximately 30 inches.  This 

results in almost 100 blades per foot.  The blades were new, 0.125 inch, diamond blades.  The 

stack of blades on the equipment is shown in Figures 2&3.  This is what the head looked like 

upon completion of the grinding 

 

The Purdue texture was constructed in two processes.  First a flush grind of the entire 

12ft lane was conducted with the head shown in Figures 2&3.  This provided a very smooth 

surface with micro texture as indicated in the report cover photo.  Upon completing of the 

grinding, the surface was grooved using bridge deck grooving equipment.  The equipment, 

shown in Figure 4 cut 1/8 inch wide grooves at ¾ inch center spacing.  The grooves were 

approximately 1/8 inch in depth.  The original Purdue texture research (and also the MnROAD 

Validation) used a ½ inch center spacing but a ¾ inch spacing was used here to be consistent 

with the grooving on the rest of the I-355 project. 

Test 

Sections 
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The equipment and test section construction were provided by Quality Saw and Seal of 

Bridge View, Illinois.  Mr. Scott Eilken organized and managed test section construction and Mr. 

Jimmie McDaniel operated the grinding equipment.  Mr. Kenny Reinart operated the grooving 

equipment. 

 

 
Figure 2 Photo of Blades and Head Upon Completion of Grinding 

 

 
Figure 3 Very Close Up of Grinding Head Blades 
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Figure 4 Photo of Grooving Equipment 

 

The two test sections were located among other test sections constructed in support of 

NCHRP 10-67.  The two sections were located on the burlap drag pre-texture area for the 10-67 

experiment.  The two sections (e.g. TS1 & TS2) were placed adjacent to each other.  This 

allowed a continuous stretch of 1200 ft for the test section.  The 1200 ft long test area will allow 

for evaluation of lateral wander issues for light vehicles.  Currently, this has not been evaluated 

and cannot be evaluated on the Purdue TPTA.   

 

The two Purdue surfaces will also be compared to a conventional diamond grinding 

surface constructed as part of the NCHRP work.  This test area is located to the north of the 

Purdue sections in lane number 2, just before the Toll Plaza as indicated in Figure 5.  At the time 

the Purdue Textures were tested, the conventional diamond ground section had just been 

constructed and had not been swept.  The transverse joints had not been widened or sealed yet.  

So the results in this report compare the narrow joint condition in the conventional section to the 

widened joints in the Purdue textures and burlap drag texture.  The burlap drag test section (e.g. 

TS3) was only approximately 300 ft in length. 

 
Figure 5 Locations of Test Sections 
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Transverse Joint Effect Experiment 

In addition to the diamond grinding research at Purdue, the effect of joint opening width, 

joint faulting, and joint sealing recess was also studied.  The previous MnROAD testing was 

used to provide a single point evaluation of those findings.  However, the MnROAD testing did 

not verify the Purdue joint effect results completely and additional research was undertaken on 

the I-355 project to provide additional validation. 

 

The Purdue work was based upon testing textures that were smooth, almost trowel like 

finishes with transverse joints.  The joints at the MnROAD section were skewed and the textures 

did not resemble trowel like finishes by design.  Therefore, for the I-355 testing it was of interest 

to attempt to better simulate the original Purdue joint effect study surface by including a burlap 

drag texture with the sealed and unsealed testing.  

 

To accomplish this, three sections were tested in the sealed and unsealed condition.  TS1 

& TS2 (e.g. the Purdue Textures) and TS3, which was a burlap drag test area.  The burlap drag 

section was located as indicated in Figure 5.  All three sections were evaluated for OBSI noise 

levels in the unsealed condition after joint widening, and then immediately after sealing with a 

Craftco ASTM 3405 hot pour sealant.   

 

Prior to constructing the test sections, the pavement that these test areas were located on 

(e.g. TS1, TS2, &TS3) had been paved approximately four months earlier and textured with 

either a burlap or astro turf finish as indicated in Figure 5.  A narrow transverse joint had been 

sawed that was approximately 0.15 inches in width.  Figure 6 is a photo of a typical existing joint 

prior to diamond grinding or widening the joints. 

 

 
Figure 6 Photo of Existing Narrow Joint Prior to Widening and Sealing 
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Test Section Construction 

 Diamond Grinding 

TS1 Purdue Texture 

TS1 was located over the transition between the astro-turf pre-texture area and the burlap 

drag pre-texture for the NCHRP project.  The stations for this change are indicated in Figure 5.  

Since the existing texture was to be removed, there was not a concern for the pre-texture 

condition.  However, this does mean that TS1 and TS2 are not identical since TS2 consisted 

exclusively of burlap drag pre-texture.  The sequence of construction occurred as indicated in 

Table 1.  TS1 was approximately 600 ft in length.  TS1 & TS2 were constructed as one 1200 ft 

long test section.  The first pass of grinding began on the median side of the travel lane.  The first 

pass ground approximately 30 inches wide.  The second pass extended the grind width to 

approximately 59 inches so there was about one inch of overlap.  Grinding of each pass began at 

the south end of TS1 and ended at the north end of TS2.  Each individual grinding pass was 

continuous from start to finish, taking approximately 1.5hrs. Typical grinding speeds were 15 ft 

per minute (fpm). Maximum speeds achieved were 22-23 fpm when the operator was requested 

to see how fast he could obtain without adversely affecting the equipment.  

 

A total of five passes were made to completely flush grind the travel lane.  This included 

feathering out onto the AC shoulder to prevent the formation of lip on the edge. 

 

TS2 Purdue Texture 

TS2 was located adjacent to TS1 as indicated in Figure 5.  The pavement in the area of 

TS2 had a burlap drag pre-texture.  TS2 was constructed at the same time as TS1 and the 

sequence of construction is indicated in Table 1.  TS2 was approximately 600 ft in length. 

 

Diamond Grinding Equipment 

The flush grinding was accomplished using a Cushion Cut PC-5000B diamond grinder.  

Figure 7 is a Photo of the equipment.  The grinder has a 4 ft grinding head mounted in the center 

of the equipment as indicated in Figure 7.  It has an adjustable wheelbase.  For this grinding the 

center to center spacing of the wheels (center of front wheels to of center of back wheels) was 17 

ft 4 inches.  The equipment is generally operated at speeds of 20-30 fpm with a maximum rated 

speed of 40 fpm.  Grinding should not occur at the maximum speed however.   

 

With the blades mounted for a grinding width of 30 inches, the wheels did not fit inside 

of the cutting area as indicated in Figure 8.  This resulted in one wheel riding in the flush grind 

texture and one wheel riding on the existing texture.  Although this made alignment more 

difficult the operator did an outstanding job of matching the passes.  In fact, it often was difficult 

to determine the transition from one pass to another. 

 

Spacers 0.025 inches thick were used between the blades in the outside ten inches of each 

side of the head to prevent bowing of the head during mounting of the blades.  With this 

arrangement the head remained dimensionally correct.  No blade wear was observed after 

completing the 1200 ft of grinding. 

 

Diamond Grooving 

Grooving of TS1&2 began immediately upon completion of grinding as indicated in 

Table 1.  A bridge deck groover was used as indicated in Figure 4 which grooved a 30 inch pass.  

Grooving began at the median side of the travel lane and progressed to the shoulder side.  Five 
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passes of the grooving equipment were also required.  Grooves were spaced on ¾ inch centers, 

cut approximately 1/8 inch deep, and cut 1/8 inch wide using 0.125 blades. 

 
Figure 7 Cushion Cut PC-5000B Used for Flush Grinding Purdue Textures 

 

 
Figure 8 Wheels Inside of Cutting Area 

 

 

 

 

Grinding 

Head 

17’-4” 
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Construction Sequencing 

 Overall Project 

The project activities occurred between September 29 and October 3, 2007.  Table 1 

provides the sequencing for the various operations.   

 

Table 1 Sequencing of Operations 

Date Operation Conducted by 

9/29/07--Saturday OBSI Testing of TS1 &TS2 Existing Texture ACPA 

9/30/07--Sunday Review other sections on project ACPA 

10/1/07--Monday Flush Grind Passes 1-3 of TS1 & TS2  Quality Saw & Seal 

10/2/07 Tuesday Flush Grind Passes 4-5 of TS1 &TS2 Quality Saw & Seal 

10/2/07--Tuesday Groove TS1 & TS2 Quality Saw & Seal 

10/3/07--Wednesday Diamond Grind TS4 Quality Saw & Seal 

10/3/07--Wednesday Widen, Clean, & Seal TS1 & TS2 & TS3 Quality Saw & Seal 

10/3/07--Wednesday OBSI Testing of Sealed & Unsealed 

Condition of TS1 & TS2 & TS3 

ACPA 

10/3/07--Wednesday OBSI Testing of TS4 w/narrow joints and 

slurry/stone filled condition 

ACPA 

 

Sawing and Sealing 

Upon completion of the diamond grinding and grooving of TS1 & TS2, widening 

of the existing narrow joints (e.g. 0.15 inches) to approximately 0.36 inches proceeded.  

TS1 joints were widened first, then TS2, followed by TS3.  Figure 9 indicates the sawing 

operation to widen the joints to the standard 3/8 inch design used for the entire project. 

 

 
Figure 9 Sawing to Widen Joint Prior to Sealing 

 

Widening and sealing of just these three sections occurred independent of the rest 

of the job so that the sealed and unsealed conditions could be evaluated almost 

immediately.  The sealing consisted of placing a Craftco ASTM 3405 hot pour material 

as indicated in Figure 10.  The joints were sandblasted and airblown prior to sealant 

installation. 
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Cleaning the Pavement 

A pull behind rotary broom was used to sweep the laitance from the pavement 

surface.  However, this was not especially effective and after the blowing out of the 

joints, the air was used to attempt to further clean the pavement.  Upon completion of the 

sealing numerous runs were made with the Chevy Malibu to wisk off the dust remaining 

on the surface.  Since this area was still an active construction project with electrical 

contractors working on the slopes dirt and stones were still being deposited on the 

roadway and a very clean surface was not possible. 

 

TS3 Burlap Drag Texture 

The burlap drag test area located in lane no 1 was only about 300 ft in length.  

This section was part of the NCHRP construction and was used to better represent the 

original Purdue TPTA testing surface results for the sealed and unsealed condition.  The 

joints were widened for the unsealed testing and then sealed for the remainder of the 

testing.  No other work occurred at TS3. 

 

 
Figure 10 Sealing of Joints with Hot Pour 

 

TS4 Conventional Diamond Ground Section 

In the afternoon of October 3, the PC-5000B returned to the project set up with a 

conventional diamond grinding head using 125 blades and 105 spacers.  The head was stacked to 

the normal four foot width with blades and spacers.  Grinding of TS4 was completed by late 

afternoon/early evening. 

 

OBSI Testing and Analysis 

OBSI Testing 

On September 29, OBSI testing was conducted on the existing surface textures for TS1, 

TS2, and the NCRHP Tx#7 section.  The existing surfaces were tested to compare to the final 

surface condition.  However, it was not noted that the joints were narrow and stone filled as 

indicated in Figure 6 until after the testing had been conducted.  With the joint width and sealant 

conditions different than the after conditions, the comparison of improvement is less meaningful.  



 9 

The results of that testing are indicated in Table 2.  As indicated the post grind/groove results are 

quieter than the pre-existing burlap drag textures even though the existing joints were narrower 

than the sealed joints. 

 

Table 2 OBSI Measurements for Each Test Area 

Test Number Pre-Grind (stone filled joints) Post Grind (Sealed) 

 1 2 3 4 Ave 1 2 3 4 Ave 

TS1 102.9 103.0 102.8 102.1 102.7 100.4 100.6 100.7 101.1 100.7 

TS2 102.0 101.9 101.5 101.5 101.8 101.0 101.1 100.8 100.7 100.9 

RTT 103.1 103.4 103.2 103.1 103.2      

 

The sealed versus unsealed condition was tested on October 3, 2007 after completion of 

the textures and sawing and sealing.  The unsealed condition of TS1, TS2, & TS3 was tested in 

the morning, and the sealed condition of each of these sections was tested in the late 

afternoon/early evening.   

 

For each test section, four runs were conducted to provide for replication.  The results of 

all runs for the sealed and unsealed conditions are indicated in Table 3 along with the average 

value of the runs.  The conventional diamond grind section (e.g. TS4) is also indicated but only 

three runs were conducted on it.  As previously mentioned the joints on TS4 were narrow and 

partially filled with slurry and stones. 

 

Table 3 OBSI Measurements for Each Test Area 

Test Number Unsealed Joints Sealed Joints 

 1 2 3 4 Ave 1 2 3 4 Ave 

TS1 99.8 99.9 99.8 99.8 99.8 100.4 100.6 100.7 101.1 100.7 

TS2 99.6 99.3 99.7 99.9 99.6 101.0 101.1 100.8 100.7 100.9 

TS3 102.0 101.8 102.4 101.9 102.0 102.9 103.1 103.5 102.8 103.1 

TS4 100.3 99.9 100.4  100.2 NA NA NA NA NA 

 

On September 29 the test temperature was 82 degrees and on October 3, test temperatures 

ranged between 63 and 77 degrees Fahrenheit.  The morning testing on October 3 was conducted 

at 66 degrees while the afternoon temperature ranged from 77 in the early afternoon to 63 

degrees in the early evening. 

 

OBSI testing was conducted at 60 mph using a Chevy Malibu with an ASTM SRTT tire 

mounted to the right rear of the vehicle.  The California OBSI system (e.g. dual vertical probe) 

was used for testing.  The tire was inflated to 30 psi cold inflation pressure.  The roadway in this 

location has a slight positive grade so the cruise control had to hold against the grade. 

 

  Diamond Grinding Test Results 

Results of the OBSI testing are indicated in Figure 11 which indicates the overall levels 

for TS1, TS2, TS3, and TS4.  The results of the Purdue double pass texture resulted in OBSI 

levels of 99.6 and 99.8, respectively in the unsealed condition.  This was approximately 2 dBA 

lower than the burlap drag surface but only approximately ½ dBA lower than the conventional 

diamond grind section which had the narrow joints that were slurry/stone filled.  
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Figure 12 indicates the one third octave band spectrums for each of the three 

grind/groove surfaces.  As indicated in Figure 13, each of the Purdue textures resulted in lower 

levels for centerband frequencies below 2000 Hz.  Above 2000 Hz, the Purdue textures produce 

slightly higher centerband frequency levels.  This is consistent with the MnROAD results. 

 

  Joint Effect Testing 

Figure 13 indicates the results of the comparison of the sealed versus unsealed noise 

levels for each of the three test areas (e.g. TS1, TS2, &TS3).  The results did not support the 

TPTA findings nor the previous MnROAD results.  The sealant increased the noise levels 

approximately 1 dBA for both the Purdue Textures and the burlap drag section.  At this time it is 

not understood how this could happen.  Unsealed testing was conducted in the morning and 

sealed testing conducted in the afternoon.  Further investigation is needed to understand these 

results.  At this time the author is suspicious of the joint effect finding.  Although temperatures 

were decreasing from 77 degrees to 63 degrees potentially creating curling, this is not believed to 

have occurred quick enough to be a factor in the testing.  However, future OBSI testing of the 

pavement should consider potential diurnal changes in the curvature to help answer this question. 

 

One interesting note on this project is that upon driving on the project for the very first 

time it was noted that the pavement elsewhere on the project which was complete with sealing 

had a joint slap effect that was evident at speeds of 40 mph. 

 

 
Figure 11 Overall OBSI Levels for Test Areas 
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Figure 12 OBSI One Third Octave Spectrum Results for the Final Surfaces  

 

 
Figure 13 Comparison of OBSI Levels for Sealed Versus Unsealed Joints 
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