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D.1 GRANULAR SUBBASE MATERIAL 
 
QA specification options 1, 2a, 2b and 3a were evaluated on a 12 m (40 ft) wide by approximately 300 m 
(1000 ft) long by 30 cm (12 in) thick granular subbase Evaluation Section in Colorado (similar to CO 34, 
see Figure 8.1) The existing clay soil (A-4(3)) in this cut section was excavated. This case study pertains 
to the second 30 cm (12 in) thick lift of granular subbase material (A-1-a). The lift was placed and 
compacted jointly by the research team using the Dynapac IC roller and by the contractor using typical 
vibratory and static equipment. Contract QA specifications included gd -TV = 100% standard Proctor 
maximum dry density (21.6 kN/m3 [137.5 pcf] uncorrected for rock content) and w-TV = 3 ±1% if the 
rock content (material retained on a #4 sieve) was less than 50%. Rock content exceeded 50% in this area 
of the project and QA was based solely on a static proof roll. For this case study, the specification options 
were evaluated using the contract gd -TV. 

The roadway alignment was transected by pipe crossings at approximately 300 m (1000 ft) intervals 
and formed natural production earthwork sections. The contractor and QA agents were informally treating 
these 300 m sections as independent QA units; therefore, the research team chose to use these natural 
sections as Evaluation Sections. The Calibration Area at the southern end of the Evaluation Section was 
believed to be representative of the Evaluation Section and was convenient given the South to North flow 
of haul trucks and earthwork material through the site. Spot test measurements were performed with the 
nuclear gage (gd, w) using a probe depth of 200 mm (8 in) and with the 300 mm (12 in) diameter Zorn 
LWD (ELWD-Z3). Three or four LWD and two nuclear gage tests were performed across the width of the 
drum and averaged to represent a single measurement for acceptance analysis. Each reported roller MV 
was determined by averaging over 1 m (3ft) in the direction of roller travel. 

The subbase material for the 350 m (1050 ft ) long Calibration Area and Evaluation Section subbase 
layer was placed in one 30 cm (12 in) thick lift over an 8-hour period. Logistically, the contractor placed 
material via side-dump trucks from South to North, beginning first in the Calibration Area and then the 
Evaluation Section. A 2m (6ft) wide area on the East side was not filled to allow for some shoulder work. 
The research team compacted the remainder of the Evaluation Section according to the pass sequence 
summarized in Figure D.1. The Evaluation Section passed the static proof roll. Evaluation Section roller 
MV data from pass 8 (MV8) and spot test measurement data obtained immediately after pass 8 are used to 
evaluate the options.  
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Test Bed Construction 
30 cm (12 in) of granular 
subbrade material(A-1-a) placed 
atop first compacted 
Layer.No water conditioning 
performed. 

Test Bed Compact via Following Roller Pass Sequence: 
P1:A=2.1mm (0.083 in),forward;P2: A= 2.1 mm (0.083 in) forward; 
P3: A= 0.9 mm (0.035 in),reverse;P4: A=2.1 mm (0.083 in) forward; 
P5: A= 0.9mm, reverse;P6: A= 0.9 mm (0.035 in), forward; 
P7: Static (A= 0), reverse;P8: A= 0.9 mm (0.035 in), forward; 
P9: Static (A= 0),reverse.  
v=3.6 km/h(2.2 mph) for all passes; f=30 Hz for all vib passes. 

Measurement Pass  
Operating Parameters 
A=0.9mm(0.035 in) 
f=30Hz; v=3.6km/h (2.2mph) 
                        

Figure D.1: CO TB 28 a) Calibration Area and b) Spot testing 
 
 
D.1.1 Acceptance using specification option 1 
 
Acceptance for Option 1 is based on achieving a target value for dry density or relative compaction (� d-
TV, RC-TV) in the weakest area(s) identified by the instrumented roller. The spot test based acceptance 
criteria should be determined by the appropriate agency and should be based on and modified as 
necessary per agency practice. Three weakest areas were identified for nuclear gage and LWD testing. 
Two spot test measurements performed in these weakest areas did not meet the � d -TV = 21.6 kN/m3 
(137.5 pcf) and RC-TV = 100% specified for this project (see Table D.1). For this reason, this test bed 
failed to meet acceptance criteria for Option 1. 

      
 Table D.1. Option 1 Spot Test Measurements from Weakest Areas 

Weakest Area 
Location ggggd (kN/m3) 

Relative 
Compaction1 

1 21.82(137.7) 100.1% 
4 19.16(133.3) 96.9% 
9 20.02(133.8) 97.3% 

                                                              1Based on percentage of gd -TV = 21.6 kN/m3 (137.5pcf)       
 
 
D.1.2 Acceptance using specification option 2a 
 
Acceptance for Option 2a is based on the percent change in the mean MV %DmMVi from consecutive 
passes over an Evaluation Section. Acceptance is met when %DmMVi is less than the target percent change 
(%D-TV = 5% for the case study presented here). Table D.2 provides %DmMVi for passes 1-9 over the 
Evaluation Section. The evaluation of %DmMVi was performed on passes 6-8. Passes 1, 2 and 4 were high 

a) 

 

b) 
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amplitude forward and passes 3 and 5 were low amplitude reverse. Passes 7 and 9 were static reverse and 
therefore no measurement value was recorded for those passes. Per the %D-TV = 5% criterion, 
acceptance was met in this test bed.  

 
Table D.4. Summary of mMVi and%DmMVi from test bed CO28 

Passes mmmmMVi
 %DmDmDmDmMVi

 

P1 N.A1 - 
P2 N.A1 - 
P3 N.A2 - 
P4 N.A1 - 
P5 N.A 2 - 
P6 23.7 - 
P7 N.A.3 - 
P8 23.1 -2.5% 
P9 N.A.3 - 

 1Pass was with high amplitude vibration or in reverse driving direction; MV 
data is not comparable to MV data from low amplitude passes 

2Pass was high amplitude reverse, MV data could not be used for comparison. 
3Static pass 

 
 
D.1.3 Acceptance using specification option 2b 
 
Acceptance for Option 2b is based on the spatial percent change in MVi between consecutive passes 
%DmMVi rather than the percent change in mean MV of the entire Evaluation Section per Option 2a. 
Acceptance is met when %DmMVi �  %D-TV for a specified percentage of the Evaluation Section (%Area-
TV). Per Section 7.5.3.1, the recommended %D-TV is two times the s%DMV determined from repeatability 
testing (as described in 7.1.5.1) with a maximum %D-TV = 20%; however, higher %D-TV may be used at 
the discretion of the engineer. The s%DMV = 10% for the CMVD data but the roller MV data was 
qualitatively repeatable. Therefore, %D-TV=20% was set for this case study. The %Area-TV was set at 
80%. 

Figure D.2 presents %DmMVi data for pass 8 (%DMV8), the last Measurement Pass pairs over the 
Evaluation Section. The cumulative distributions of the %DmMVi data are also shown. To compute %DMVi, 
nearest neighbor interpolation was used to transform the MVi data onto a fixed grid – the method currently 
employed by most roller manufacturers. The %D-TV = 20% was met for 82% of the Evaluation Section 
after all passes, and therefore acceptance is met according to Option 2b.  
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Figure D2: Percent change in MV maps for passes 6-8(%DMV8) and cumulative distribution of percent 

change showing percentage area meeting acceptance 
 
 
D.1.4 Acceptance using specification option 3a 
 
D.1.4.1 Initial Calibration 
 
Option 3a requires initial calibration of roller MVs to spot test measurements to determine a MV-TV. A 
selected Calibration Area was compacted to provide low, medium and full compaction states. Figure D.3 
shows the MV data from a Measurement Pass over the Calibration Area. Spot testing was performed at 
16 locations. The resulting regression relationships are shown in Figure D.3. A suitable correlation could 
not be found between CMVD and gd or between CMVD and ELWD-Z3..  

Beyond the now well-established influence of measurement depth mismatch between roller MVs and 
spot test measurements, the poor MV-ELWD-Z3 correlation is attributed to the high degree of local 
heterogeneity and the limitation of the LWD to reliably measure stiffness of dry, granular materials with 
rounded particles. Therefore, the Evaluation Section could not be tested for acceptance according to 
Option 3a. 
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Figure D.3: Roller MV maps and MV-spot test measurement correlations 

 
 
D.2  GRANULAR SUBBASE MATERIAL 
 
QA specification options 1, 2a, 2b and 3a were evaluated on a 12 m (40 ft) wide by approximately 300 m 
(1000 ft) long by 30 cm (12 in) thick granular subbase Evaluation Section in Colorado (Figure D.4). The 
granular subbase material (A-1-a) were placed and compacted jointly by the research team using the 
Dynapac IC roller and by the contractor using typical vibratory and static equipment. This case study 
pertains to the third subbase layer. Contract QA specifications included gd -TV = 100% standard Proctor 
maximum dry density (21.6 kN/m3[137.5 pcf]  uncorrected for rock content) and w-TV = 3±1% if the 
rock content (material retained on a #4 seive) was less than 50%. Rock content exceeded 50% in this area 
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of the project and QA was based solely on a static proof roll. For this case study, the specification options 
were evaluated using the contract gd -TV. 

The roadway alignment was transected by pipe crossings at approximately 300 m (1000 ft) intervals 
and formed natural production earthwork sections. The contractor and QA agents were informally treating 
these 300 m sections as independent QA units; therefore, the research team chose to use these natural 
sections as Evaluation Sections. The Calibration Area at the southern end of the Evaluation Section 
(similar to CO 34, see Figure 8.1) was believed to be representative of the Evaluation Section and was 
convenient given the South to North flow of haul trucks and earthwork material through the site. Spot test 
measurements were performed with the nuclear gage (gd, w) using a probe depth of 200 mm (8 in) and 
with the 300 mm (12 in) diameter Zorn LWD (ELWD-Z3). Three or four LWD and two nuclear gage tests 
were performed across the width of the drum and averaged to represent a single measurement for 
acceptance analysis. Each reported roller MV was determined by averaging over 1 m (3ft) in the direction 
of roller travel. 

The subbase material for the 350 m (1050 ft ) Calibration Area and Evaluation Section subbase layer 
was placed in one 30 cm (12 in) thick lift over an 8-hour period. Logistically, the contractor placed 
material via side-dump trucks, beginning first in the Calibration Area and then the Evaluation Section. A 
2m (6ft) wide area on the East side was not filled to allow for some truck traffic. While the research team 
was performing the Option 3a correlation analysis in the Calibration Area, the contractor placed and 
began compaction work in the Evaluation Section. After calibration was completed (approx. 3 hrs), the 
research team compacted the remainder of the Evaluation Section according to the pass sequence 
summarized in Figure D.7. The Evaluation Section passed the static proof roll. Evaluation Section roller 
MV data from pass 10 (MV10) and spot test measurement data obtained immediately after pass 10 are used 
to evaluate some of the options. 
                         

                                                                    
 Test Bed Construction 
30 cm (12 in) of granular 
subbrade material(A-1-a) 
placed atop  
2 layers subgrade. 
No water conditioning 
performed. 
 
Measurement Pass  
Operating Parameters 
A=0.9mm(0.035 in) 
f=30Hz; v=3.6km/h (2.2mph) 
 

Test Bed Compact via Following Roller Pass Sequence: 
P1:A= 2.1 mm (0.083 in),forward;P2:A=0.9mm(0.035in)forward; 
P3:A=2.1mm(0.083in),reverse;P4:A=0.9 mm (0.035 in) forward; 
P5: A= 2.1mm, reverse;P6:A= 0.9 mm (0.035 in),forward; 
P7:Static(A=0),reverse;P8:A=0.9mm(0.035in)forward; 
P9:Static(A=0),reverse;P10:A=0.9mm(0.035in),forward; 
P11: Static(A=0); 
v=3.6 km/h(2.2 mph) for all passes; f=30 Hz for all vib passes. 

Figure D.4: TBCO32 a) Material Placement, and b)Compacting 
 

b)

 

a) 
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D.2.1 Acceptance using specification option 1 
 
Acceptance for Option 1 is based on achieving a specified dry density or relative compaction (� d-TV, 
RC-TV) in the weakest area(s) identified by the instrumented roller. The spot test based acceptance 
criteria should be determined by the appropriate agency and should be based on and modified as 
necessary per agency practice. Four weak points were identified. All spot test measurements performed in 
these weakest areas did not meet the � d -TV=21.6 kN/m3 (137.5pcf) and RC-TV = 100% specified for 
this project (see Table D.3). For this reason, this test bed failed QA criteria and spot testing practice when 
establishing acceptance criteria for Option 1. 
 

Table D.3. Option 1 Spot Test Measurements from Weakest Areas 
Weakest 

Area 
Location 

ggggd (kN/m3) 
Relative 

Compaction1 

1 20.78(132.3) 96.2% 
2 21.00(133.7) 97.2% 
3 21.36(136) 98.9% 
4 21.27(135.4) 98.4% 

                                                                              1Based on percentage of gd -TV = 21.6 kN/m3 (137.5pcf) 
  

 
D.2.2 Acceptance using specification option 2a 
 
Acceptance for Option 2a is based on the percent change in the mean MV %DmMVi from consecutive 
passes over an Evaluation Section. Acceptance is met when %DmMVi is less than the target percent change 
(%D-TV = 5% for the case study presented here). Table D.4 provides %DmMVi for passes 1- 11 over the 
Evaluation Section. Passes 1,2, and 4 are high amplitude forward. Passes 3 and 5 are low amplitude 
reverse and passes 9 and 11 are reverse static. The evaluation of %DmMVi was performed on passes 6-10. 
Per the %D-TV = 5% criterion, acceptance was met in this test bed.  

 
Table D.4. Summary of mMVi and %DmMVi from test bed CO32 

Passes mmmmMVi
 %DmDmDmDmMVi

 

P1 N.A1 - 
P2 N.A1 - 
P3 N.A2 - 
P4 N.A1 - 
P5 N.A2 - 
P6 25.1 - 
P7 - - 
P8 29.8 18% 
P9 - - 
P10 30.7 3% 

1Pass was with high amplitude vibration or in reverse driving direction; MV 
data is not comparable to MV data from low amplitude passes 

2Pass was high amplitude reverse, MV data could not be used for comparison. 
3Pass was static 
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D.2.3 Acceptance using specification option 2b 
 
Acceptance for Option 2b is based on the spatial percent change in MVi between consecutive passes 
%DmMVi rather than the percent change in mean MV of the entire Evaluation Section per Option 2a. 
Acceptance is met when%DmMVi �  %D-TV for a specified percentage of the Evaluation Section (%Area-
TV). Per Section 7.5.3.1, the recommended %D-TV is two times the s%DMV determined from repeatability 
testing (as described in 7.1.5.1) with a maximum %D-TV = 20%; however, higher %D-TV may be used at 
the discretion of the engineer. The s%DMV = 10% for the CMVD data but the roller MV data was 
qualitatively repeatable. Therefore, %D-TV=20% was set for this case study. The %Area-TV was set at 
80%. 

Figure D.5 presents %DMVi data for passes 6(%DMV6), 8(%DMV8) and 10(%DMV10), the last three 
Measurement Pass pairs over the Evaluation Section. The cumulative distributions of the %DmMVi data are 
also shown. To compute %DmMVi, nearest neighbor interpolation was used to transform the MVi data onto 
a fixed grid – the method currently employed by most roller manufacturers. The %D-TV = 20% was met 
for 82% of the Evaluation Section after the last pair of passes, and therefore acceptance is met according 
to Option 2b. 

 
 

 

 
Figure D.5: Percent change in MV maps for passes 6-10 and cumulative distribution of     percent change 

showing percentage area meeting acceptance 
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D.2.4 Acceptance using specification option 3a 
 
D.2.4.1 Initial Calibration 
 
Calibration of roller MVs to spot test measurements was based on areas of low, medium and high 
stiffness found within the Measurement Pass (A=0.9 mm (0.035 in), v=4.0 km/h (2.5 mph), f=30 Hz). 
This is an alternative approach to creating discrete low, medium and high compaction states. 14 spot test 
measurements were performed in low, medium and high MV areas (see Fig. D.9). The resulting 
regression relationships are presented in Figure D.6. A suitable correlation was not found between the 
roller MV and gd (R

2=0.34), and therefore, Option 3a can not be implemented. Due to high variability in 
ELWD-Z3 measurement, no correlation was found between the roller MV and ELWD-Z3. Therefore, the 
Evaluation Section could not be tested for acceptance according to Option 3a. 
 

 
Figure D.6: Roller MV maps and MV-spot test measurement correlations 
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D.3   GRANULAR SUBBASE MATERIAL 
 
QA specification options 1, 2a, 2b and 3a were evaluated on a 12 m (40 ft) wide by approximately 300 m 
(1000 ft) long by 30 cm (12 in) thick granular subbase Evaluation Section in Colorado north of the 
previous area (Figure D.7). The granular subbase material (A-1-a) was placed and compacted jointly by 
the research team using the Bomag roller and by the contractor using typical vibratory and static 
equipment. This case study pertains to the first subbase layer in the third production area. Contract QA 
specifications included gd -TV = 100% standard Proctor maximum dry density (21.6 kN/m3[137.5 pcf]  
uncorrected for rock content) and w-TV = 3 ± 1% if the rock content (material retained on a #4 seive) was 
less than 50%. Rock content exceeded 50% in this area of the project and QA was based solely on a static 
proof roll. For this case study, the specification options were evaluated using the contract gd -TV. 

The roadway alignment was transected by pipe crossings at approximately 300 m (1000 ft) intervals 
and formed natural production earthwork sections. The contractor and QA agents were informally treating 
these 300 m sections as independent QA units; therefore, the research team chose to use these natural 
sections as Evaluation Sections. The Calibration Area at the southern end of the Evaluation Section was 
believed to be representative of the Evaluation Section and was convenient given the South to North flow 
of haul trucks and earthwork material through the site. Spot test measurements were performed with the 
nuclear gage (gd, w) using a probe depth of 200 mm (8 in) and with the 300 mm (12 in) diameter Zorn 
LWD (ELWD-Z3). Three or four LWD and two nuclear gage tests were performed across the width of the 
drum and averaged to represent a single measurement for acceptance analysis. Each reported roller MV 
was determined by averaging over 1 m (3ft) in the direction of roller travel. 

The subbase material for the 350 m (1050 ft ) long Calibration Area and Evaluation Section subbase 
layer was placed in one 30 cm (12 in) thick lift over an 8-hour period. Logistically, the contractor placed 
material via side-dump trucks from South to North, beginning first in the Calibration Area and then the 
Evaluation Section. A 2m (6ft) wide area on the East side was not filled to allow for some shoulder work. 
While the research team was performing the Option 3a correlation analysis in the Calibration Area, the 
contractor placed and began compaction work in the Evaluation Section. After calibration was completed 
(approx. 3 hrs), the research team compacted the remainder of the Evaluation Section according to the 
pass sequence summarized in Figure D.10. The Evaluation Section passed the static proof roll test. 
Evaluation Section roller MV data from pass 13 (MV13) and spot test measurement data obtained 
immediately after pass 13 are used to evaluate some of the options. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



D-12 

  
Test Bed Compact via Following Roller Pass Sequence: 
P1:A=2.5mm(0.099 in),forward; P2: A= 0.7 mm(0.027in) reverse; 
P3: A= 2.5 mm(0.099 in),forward; P4: A=0.7 mm (0.027 in)reverse; 
P5: A= 2.5mm(0.099 in), forward; P6:A= 0.7 mm (0.027 in),reverse; 
P7:A= 0.7mm(0.027in),forward; P8: Static(A=0) reverse;  
P9:A=0.7mm(0.027in),forward;P10:Static(A=0); 
P11:A=0.7mm(0.027in),forward;P12:Static(A=0)reverse; 
P13:A=0.7mm(0.027in),forward;P14:Static(A=0),reverse. 
v=3.6 km/h(2.2 mph) for all passes; f=30 Hz for all vib passes. 
 
Test Bed Construction 
30 cm(12 in) of granular subgrade material (A-1-a) placed atop previously 
compacted subgrade. Water conditioning performed. 
Measurement Pass Operating Parameters 
A=0.7mm(0.027in) f=30Hz; v=3.6 km/h (2.2mph) 
 

Figure D.7: CO TB 39 a) Material Placement and b) Watering. 
 
 
D.3.1 Acceptance using specification option 1 
 
Acceptance for Option 1 is based on achieving a specified dry density or relative compaction ( � d-TV, 
RC-TV) in the weakest area(s) identified by the instrumented roller. The spot test based acceptance 
criteria should be determined by the appropriate agency and should be based on and modified as 
necessary per agency practice. Four weakest areas were identified for nuclear gage and LWD. Three spot 
test measurements performed in these weakest areas did not meet the � d -TV = 21.6 kN/m3 (137.5 pcf) 
and RC-TV = 100% specified for this project (see Table D.5). For this reason, this test bed failed QA 
criteria and spot testing practice when establishing acceptance criteria for Option 1. 
 
                                       Table D.5. Option 1 Spot Test Measurements from Weakest Areas 

Weakest Area 
Location ggggd (kN/m3) 

Relative 
Compaction1 

1 21.57(137.3) 99.8% 
2 21.11(134.4) 97.7% 
3 21.30(135.6) 98.6% 
4 21.64(137.8) 100.2% 

                                                              1Based on percentage of gd -TV = 21.6 kN/m3 (137.5pcf)       
 

 

 

 

a) b) 
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D.3.2 Acceptance using specification option 2a 
 
Acceptance for Option 2a is based on the percent change in the mean MV %DmMVi from consecutive 
passes over an Evaluation Section. Acceptance is met when %DmMVi is less than the target percent change 
(%D-TV = 5% for the case study presented here). Table D.6 provides %DmMVi for several passes over the 
Evaluation Section. The evaluation of %DmMVi was performed on low forward passes 7-13 .Passes 8, 10, 
12 and 14 are reverse static. Per the %D-TV = 5% criterion, acceptance was met in this test bed.  

 
Table D.6. Summary of mMVi and %DmMVi from test bed CO39 

Passes mmmmMVi
 %DmDmDmDmMVi

 

P7 37.2  
P8 -  
P9 37.5 8.0% 
P10 -  
P11 36.2 -3.4% 
P12 -  
P13 36.3 -2.7% 
P14 -  

 
 
D.3.3 Acceptance using specification option 2b 
 
Acceptance for Option 2b is based on the spatial percent change in MVi between consecutive passes 
%DmMVi rather than the percent change in mean MV of the entire Evaluation Section per Option 2a. 
Acceptance is met when %DmMVi �  %D-TV for a specified percentage of the Evaluation Section (%Area-
TV). Per Section 7.5.3.1, the recommended %D-TV is two times the s%DMV determined from repeatability 
testing (as described in 7.1.5.1) with a maximum %D-TV = 20%; however, higher %D-TV may be used at 
the discretion of the engineer. The s%DMV = 10% for the CMVD data but the roller MV data was 
qualitatively repeatable. Therefore, %D-TV=20% was set for this case study. The %Area-TV was set at 
80%. 

Figure D.8 presents %DmMVi data for passes 9 (%DMV9), 11(%DMV11) and 13 (%DMV13), the last 
three Measurement Pass pairs over the Evaluation Section. The cumulative distributions of the %DMVi 
data are also shown. To compute %DMVi, nearest neighbor interpolation was used to transform the MVi 
data onto a fixed grid – the method currently employed by most roller manufacturers. The %D-TV = 20% 
was  met for 80% of the Evaluation Section after the last two pair of passes, and therefore acceptance is  
met according to Option 2b.  
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Figure D.8: Percent change in MV maps for passes 9-13 and cumulative distribution of  percent change 
showing percentage area meeting acceptance 

 
 
D.3.4 Acceptance using specification option 3a 
 
D.3.4.1 Initial Calibration 
 
Calibration of roller MVs to spot test measurements was based on areas of low, medium and high 
stiffness found within the Measurement Pass (A=0.7 mm (0.027 in), v=4.0 km/h (2.5 mph), f=30 Hz). 
This is an alternative approach to creating discrete low, medium and high compaction states, and was also 
used to develop a correlation in the case study 1 Evaluation Section. 15 spot test measurements were 
performed in low, medium and high MV areas (see Fig. D.12). The resulting regression relationships are 
presented in Figure D.9. A suitable correlation was very nearly found between the roller MV and gd 
(R2=0.47), and therefore, Option 3a can be implemented here for illustration. In practice, these cases of 
very narrowly meeting acceptance should be handled on a case-by-case basis by the project engineer. Per 
the gd-TV = 21.6 kN/m3 (137.5 pcf), the adjusted MV-TV= 68.4 for Evib. Due to high variability in ELWD-Z3 
measurement, no correlation was found with the roller MV. 
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Figure D.9: Roller MV maps and MV-spot test measurement correlations 

 
 
D.3.4.2 Assessment of Evaluation Section 
 
Acceptance for Option 3a is based on achieving the MV-TV over a specified percentage of the Evaluation 
Section (%Area-TV). In this case study, %Area-TV = 80%. Pass 13 served as the final compaction pass 
and final Measurement Pass (A=0.7 mm (0.027 in), v=3.6 km/h (2.2 mph), f=30 Hz). One critical 
requirement of Option 3a is that the Calibration Area must be representative of the Evaluation Section. 
Acceptance of the Evaluation Section was evaluated using the correlation from the Evaluation Section. 
The cumulative distribution of MV13 data showed that 0% of the Evaluation Section MV data met the 
adjusted MV-TV. It is reasonable to conclude that the Calibration Area was not representative of the 
Evaluation Section. 
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D.4    GRANULAR SUBBASE MATERIAL 
 
QA specification options 1, 2a, 2b and 3a were evaluated on a 12 m (40 ft) wide by approximately 300 m 
(1000 ft) long by 30 cm (12 in) thick granular subbase Evaluation Section in Colorado in the same  area 
used for test bed CO 39. (Figure D.10). The additional granular subbase material (A-1-a) was placed and 
compacted jointly by the research team using the Bomag roller and by the contractor using typical 
vibratory and static equipment. This case study pertains to the third layer in the third production.. 
Contract QA specifications included gd -TV = 100% standard Proctor maximum dry density (21.6 
kN/m3[137.5 pcf]  uncorrected for rock content) and w-TV = 3 ± 1% if the rock content (material retained 
on a #4 seive) was less than 50%. Rock content exceeded 50% in this area of the project and QA was 
based solely on a static proof roll. For this case study, the specification options were evaluated using the 
contract gd -TV. 

The roadway alignment was transected by pipe crossings at approximately 300 m (1000 ft) intervals 
and formed natural production earthwork sections. The contractor and QA agents were informally treating 
these 300 m sections as independent QA units; therefore, the research team chose to use these natural 
sections as Evaluation Sections. The Calibration Area at the southern end of the Evaluation Section 
(similar Figure 8.1) was believed to be representative of the Evaluation Section and was convenient given 
the South to North flow of haul trucks and earthwork material through the site. Spot test measurements 
were performed with the nuclear gage (gd, w) using a probe depth of 200 mm (8 in) and with the 300 mm 
(12 in) diameter Zorn LWD (ELWD-Z3). Three or four LWD and two nuclear gage tests were performed 
across the width of the drum and averaged to represent a single measurement for acceptance analysis. 
Each reported roller MV was determined by averaging over 1 m (3ft) in the direction of roller travel. 

The subbase material for the 350 m (1050 ft ) long Calibration Area and Evaluation Section subbase 
layer was placed in one 30 cm (12 in) thick lift over an 8-hour period. Logistically, the contractor placed 
material via side-dump trucks, beginning first in the Calibration Area and then the Evaluation Section. A 
2m (6ft) wide area on the East side was not filled to allow for some truck traffic. While the research team 
was performing the Option 3a correlation analysis in the Calibration Area, the contractor placed and 
began compaction work in the Evaluation Section. After calibration was completed (approx. 3 hrs), the 
research team performed additional passes according to the pass sequence summarized in Figure D.10. 
The Evaluation Section passed the static proof roll test.. Evaluation Section roller MV data from pass 3 
(MV3) and spot test measurement data obtained immediately after pass 3 are used to evaluate some of the 
options. 
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Test Bed Compact via Following Roller Pass Sequence: 
P1: A= 0.7 mm (0.027in), forward; P2: Static (A= 0) reverse; 
P3: A= 0.7 mm (0.027in), forward; P4: Static (A=0) reverse; 
P5: A= 0.7mm(0.027 in), forward; P6: Static(A= 0), reverse  
On lane 1 and repeated sequence on all four lanes; 
v=3.6 km/h(2.2 mph) for all passes; f=30 Hz for all vib passes. 
 
Test Bed Construction 
30 cm(12 in) of granular subgrade material (A-1-a) placed atop previously compacted subgrade. 
Water conditioning performed. 
 
Measurement Pass Operating Parameters 
A=0.7 mm (0.027in) f=30Hz; v=3.6 km/h (2.2mph) 

                   
Figure D.10: CO TB 43 a) Material Placement and b) Spot testing 

 
 
D.4.1 Acceptance using specification option 1 
 
Acceptance for Option 1 is based on achieving a specified dry density or relative compaction ( � d-TV, 
RC-TV) in the weakest area(s) identified by the instrumented roller. The spot test based acceptance 
criteria should be determined by the appropriate agency and should be based on and modified as 
necessary per agency practice. Five weakest areas were identified for nuclear gage and LWD testing. All 
spot test measurements performed in these weakest areas failed to meet the � d -TV = 21.6 kN/m3 (137.5 
pcf) and RC-TV = 100% specified for this project (see Table D.7). For this reason, this test test bed failed 
QA criteria and spot testing practice when establishing acceptance criteria for Option 1. 
        

Table D.7. Option 1 Spot Test Measurements from Weakest Areas 
Weakest Area 

Location ggggd (kN/m3) 
Relative 

Compaction1 

1 21.14(134.6) 97.9% 
2 21.28(135.5) 98.5% 
3 20.31(129.3) 94.0% 
4 21.45(136.6) 99.3% 
5 20.91(133.1) 96.8% 

1Based on percentage of gd -TV = 21.6 kN/m3 (137.5pcf) 
 

 
 

a) b) 
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D.4.2 Acceptance using specification option 2a 
 
Acceptance for Option 2a is based on the percent change in the mean MV %DmMVi from consecutive 
passes over an Evaluation Section. Acceptance is met when %DmMVi is less than the target percent change 
(%D-TV = 5% for the case study presented here). Table D.8 provides %DmMVi for the last two pairs of 
passes over the Evaluation Section. The evaluation of %DmMVi was performed on passes 1-5 which are all 
low amplitude forward passes. Passes 2, 4 and 6 were reverse static passes. Option 2a requires constant 
roller operating parameters for measurement passes. Per the %D-TV = 5% criterion, acceptance was met 
in this test bed.  

 
                                      Table D.8. Summary of mMVi and %DmMVi from test bed CO43 

Passes mmmmMVi
 %DmDmDmDmMVi

 

P1 82.6  
   P2 -  
   P3 91.6 10.9% 
   P4 -  

P5 95.0 3.7% 
P6 -  

                                                         
 
D.4.3 Acceptance using specification option 2b 
 
Acceptance for Option 2b is based on the spatial percent change in MVi between consecutive passes 
%DmMVi rather than the percent change in mean MV of the entire Evaluation Section per Option 2a. 
Acceptance is met when %DmMVi �  %D -TV for a specified percentage of the Evaluation Section (%Area-
TV). Per Section 7.5.3.1, the recommended %D-TV is two times the s%DMV determined from repeatability 
testing (as described in 7.1.5.1) with a maximum %D-TV = 20%; however, higher %D-TV may be used at 
the discretion of the engineer. The s%DMV = 10% for the CMVD data but the roller MV data was 
qualitatively repeatable. Therefore, %D-TV=20% was set for this case study. The %Area-TV was set at 
80%. 

Figure D.11 presents %DMVi data for passes 2(%DMV2) and 3(%DMV3), the last two Measurement 
Pass pairs over the Evaluation Section. The cumulative distributions of the %DMVi data are also shown. 
To compute %DMVi, nearest neighbor interpolation was used to transform the MVi data onto a fixed grid 
– the method currently employed by most roller manufacturers. The %D-TV = 20% was met for 90% of 
the Evaluation Section after the last passes, and therefore acceptance is met according to Option 2b.  
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Figure D.11: Percent change in MV maps for passes 1-2(DMV2),2-3(DMV3) and cumulative 
distribution of  percent change showing percentage area meeting acceptance 

 
 
D.4.4 Acceptance using specification option 3a 
 
D.4.4.1 Initial Calibration 
 
Calibration of roller MVs to spot test measurements was based on areas of low, medium and high 
stiffness found within the Measurement Pass (A=0.7 mm (0.027 in), v=4.0 km/h (2.5 mph), f=30 Hz). 
This is an alternative approach to creating discrete low, medium and high compaction states, and was also 
used to develop a correlation in the case study 1 Evaluation Section. 16 spot test measurements were 
performed in low, medium and high MV areas (see Fig.D.15). The resulting regression relationships are 
presented in Figure D.12. A suitable correlation was not found between the roller MV and gd (R

2=0.20), 
and therefore, Option 3a can not be implemented. Due to high variability in Elwd measurement, no 
correlation was found between the roller MV and Elwd (R

2=0.20). Therefore, the Evaluation Section could 
not be tested for acceptance according to Option 3a. 
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Figure D.12: Roller MV maps and MV-spot test measurement correlations 

 
 
D.5 LIMEROCK BASE 
 
QA specification options 2a and 2b were evaluated on a 12 m (40 ft) wide by 100 m (330 ft) long by 15 
cm (6 in) thick limerock base Evaluation Section in Florida (see Figure D.13). The Evaluation Section 
was part of a layered test bed sequence (see Chapter 4) and is therefore smaller than a typical Evaluation 
Section. Compaction was performed solely by the research team with the Sakai CCC roller and the pass 
sequence depicted in Figure D.13. High and low amplitude vibratory and static passes were used.  
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Figure D.13. Overview of test bed FL17 summarizing construction and compaction of the test bed and 

showing (a) Pre compaction and (b) Measurement Pass 
 
 
D.5.1 Acceptance using specification option 2a 
 
Table D.9 provides %DmMVi for consecutive passes (with constant operating parameters as listed above). 
Based on a %D-TV = 5%, the Evaluation Section meets acceptance after pass 5.  Even though this passed 
the strict definition of %DmMVi < 5%, the %DmMVi was -14% which means that the material got softer. This 
option provides useful information that the roller is no longer providing a benefit to the soil at this 
amplitude, but this does not necessarily imply that the soil has meet the desired level of compaction. One 
downside of this option is that it is based on average data; thus, some area may experience an increase, 
while other experience a significant decrease. Option 2a should be implemented with caution for this 
reason, and Option 2b may prove more robust. 

 
Table D.9. Summary of mMVi and %DmMVi from test bed FL17 

Passes mmmmMVi
 %DmDmDmDmMVi

 

1 NA1 - 
2 NA1 - 
3 20 - 
4 NA2 - 
5 17 -14 
6 NA2 - 

1Pass was with high amplitude vibration or in reverse driving direction; MV 
data is not comparable to MV data from low amplitude passes 

2Pass was static, MV no MV data is available 
 
 
 
 



D-22 

D.5.2 Acceptance using specification option 2b 
 
The repeatability of CCV at the Florida work site was determined to be 5% (based on the procedure in 
Section 7.5.3.1); therefore, the Option 2b %D-TV was set equal to 10% for this case study. A %Area-TV 
= 80% was used. Figure D.14 shows %DMVi for pass 5. The cumulative distributions of the %DMVi are 
also shown. Nearest neighbor interpolation was employed to transform the data onto a fixed grid. As 
illustrated, 85% of the Evaluation Section met the %D-TV after pass 5. This percentage is larger than the 
%Area-TV and therefore acceptance was met according to Option 2b. Similar to Option 2a, this option is 
successful due to the large number of points that became weaker. This leads to the same conclusion as 
Option 2a, that these relative compaction methods only inform that the roller is not improving the soil. 
 

 

Figure D.14. Percent change in MV maps for pass 3-5(%DMV5) and cumulative distributions of percent 
change showing percentage of area meeting acceptance 

 
 
D.6 GRANULAR SUBGRADE 
 
QA specification options 2a and 2b were evaluated on a 12 m (40 ft) wide by 60 m (200 ft) long by 30 cm 
(12 in) thick granular subgrade Evaluation Section in North Carolina (see Figure D.18). Compaction was 
performed solely by the research team with the Sakai CCC roller and the pass sequence depicted in Figure 
D.18, ks-CSM was computed from onboard instrumentation. High and low amplitude vibratory and static 
passes were used.  
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Test Bed Construction 
30 cm (12 in) of granular 
subgrade atop subgrade  

Test Bed Compact via Following Roller Pass Sequence: 
P1: A= 2.1 mm (0.083 in), reverse P2: A= 0.9 mm (0.035 in), forward 
P3: A= 0.9 mm (0.035 in), reverse P4: A=  0.9 mm (0.035 in), forward 
P5: Static (A= 0), reverse P6: A= 0.9 mm (0.035 in), forward 
P7: Static (A= 0), reverse P8: A= 0.9 mm (0.035 in), forward 

 
Figure D.15. Overview of test bed NC5 summarizing construction and compaction of the test bed and 

showing  Measurement Pass 
 
 
D.6.1 Acceptance using specification option 2a 
 
Table D.9 provides %DmMVi for consecutive passes (with constant operating parameters as listed above). 
Based on a %D-TV = 5%, the Evaluation Section meets acceptance after pass 6.  The Evaluation Section 
still meets acceptance after pass 8, but the Evaluation Section became softer than after pass 6. This shows 
how this option informs if the roller is effectively compacting an area. 

 
Table D.10. Summary of mMVi and %DmMVi from test bed NC5 

Passes mmmmMVi
 %DmDmDmDmMVi

 

1 NA1 - 
2 51 - 
3 NA1 - 
4 55 8.5 
5 NA2 - 
6 56 2.2 
7 NA2 - 
8 55 -1.4 

1Pass was with high amplitude vibration or in reverse driving direction; MV 
data is not comparable to MV data from low amplitude passes 

2Pass was static, no MV data is available 
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D.6.2 Acceptance using specification option 2b 
 
The repeatability of ks-CSM was not tested at the North Carolina work site, but will be assumed to be 5%; 
therefore, the Option 2b %D-TV was set equal to 10% for this case study. A %Area-TV = 80% was used. 
Figure D.16 shows %DMVi for passes 4, 6 and 8. The cumulative distributions of the %DMVi are also 
shown. Nearest neighbor interpolation was employed to transform the data onto a fixed grid. As 
illustrated, 57% of the Evaluation Section met the %D-TV after pass 4, 71% after pass 6 and 81% after 
pass 8. This leads to passing of Option 2b after pass 8. Upon closer inspection most of the failing data 
after pass 8 is localized in one lane. Therefore it may be possible (and advised) to perform more passes in 
this lane. This is an example where an engineer’s judgment could overrule an option. 
 
 

 

Figure D.19. Percent change in MV maps for pass 2-4(%DMV4), pass 4-6(%DMV6), pass 6-8(%DMV8) 
and cumulative distributions of percent change showing percentage of area meeting acceptance 
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D.7 AGGREGATE BASE 
 
Specification 2a and 2b were evaluated on a 8 m (26 ft) wide by 40 m (131 ft) long by 15 cm (6 in) thick 
aggregate base Evaluation Section in North Carolina (see Figure D.20). Compaction was performed 
solely by the research team with the Bomag IC roller and the pass sequence depicted in Figure D.20. High 
and low amplitude vibratory and static passes were used.  
 

 
Test Bed Construction 
15 cm (6 in) of aggregate base 
atop previously compacted 
aggregate base 

Test Bed Compact via Following Roller Pass Sequence: 
P1: A= 2.1 mm (0.083 in), reverse P2: A= 0.7 mm (0.028 in), forward 
P3: Static (A= 0), reverse P4: A= 0.7 mm (0.028 in), forward 
P5: Static (A= 0), reverse P6: A= 0.7 mm (0.028 in), forward 
P7: Static (A= 0), reverse P8: A= 0.7 mm (0.028 in), forward 

 
Figure D.17. Overview of test bed NC19 summarizing construction and compaction of the test bed 

 
 
D.7.1 Acceptance using specification option 2a 
 
Table D.11 provides %DmMVi for consecutive passes (with constant operating parameters as listed above). 
Based on a %D-TV = 5%, the Evaluation Section meets acceptance after pass 8.   
 

Table D.11. Summary of mMVi and %DmMVi from test bed NC19 

Passes mmmmMVi
 %DmDmDmDmMVi

 

1 NA1 - 
2 63 - 
3 NA2 - 
4 77 22 
5 NA2 - 
6 83 8 
7 NA2 - 
8 86 4 

1Pass was with high amplitude vibration or in reverse driving direction; MV 
data is not comparable to MV data from low amplitude passes 

2Pass was static, MV no MV data is available 
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D.7.2 Acceptance using specification option 2b 
 
The repeatability of Evib was not tested at the North Carolina work site, but will be assumed to be 5%; 
therefore, the Option 2b %D-TV was set equal to 10% for this case study. A %Area-TV = 80% was used. 
Figure D.18 shows %DMVi for passes 4, 6 and 8. The cumulative distributions of the %DMVi are also 
shown. Nearest neighbor interpolation was employed to transform the data onto a fixed grid. As 
illustrated, 28% of the Evaluation Section met the %D-TV after pass 4, 64% after pass 6 and 69% after 
pass 8. Evaluation section does not pass according to Option 2b.  
 
 

 

Figure D.18. Percent change in MV maps for pass 2-4(%DMV4), pass 4-6(%DMV6), pass 6-8(%DMV8) 
and cumulative distributions of percent change showing percentage of area meeting acceptance 
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D.8 AGGREGATE BASE 
 
Specification 2a, 2b and 3a were evaluated on a 12 m (40 ft) wide by 80 m (260 ft) long by 30 cm (12 in) 
thick stone base Evaluation Section in North Carolina (see Figure D.19). Compaction was performed 
solely by the research team with the Sakai CCC roller and the pass sequence depicted in Figure D.19, ks-

CSM was computed from onboard instrumentation. High and low amplitude vibratory and static passes 
were used. LWD testing was performed with seven tests across the drum, and nuclear density testing was 
performed at two locations across the drum, with 4 tests at each location in the N, W, S and E direction. 
 

 
Test Bed Construction 
30 cm (12 in) of aggregate atop 
granular subgrade 

Test Bed Compact via Following Roller Pass Sequence: 
P1: A= 2.1 mm (0.083 in), reverse P2: A= 0.9 mm (0.035 in), forward 
P3: A= 0.9 mm (0.035 in), reverse P4: A=  0.9 mm (0.035 in), forward 
P5: Static (A= 0), reverse P6: A= 0.9 mm (0.035 in), forward 
P7: Static (A= 0), reverse P8: A= 0.9 mm (0.035 in), forward 

Figure D.19. Overview of test bed NC21 summarizing construction and compaction of the test bed and 
spot testing  

 
 
D.8.1 Acceptance using specification option 2a 
 
Table D.12 provides %DmMVi for consecutive passes (with constant operating parameters as listed above). 
Based on a %D-TV = 5%, the Evaluation Section never meets acceptance.  To pass this option additional 
passes would need to be performed. 
 

Table D.12. Summary of mMVi and %DmMVi from test bed NC21 

Passes mmmmMVi
 %DmDmDmDmMVi

 

1 NA1 - 
2 29 - 
3 NA1 - 
4 32 9.8 
5 NA2 - 
6 37 16.5 
7 NA2 - 
8 42 12.6 

1Pass was with high amplitude vibration or in reverse driving direction; MV 
data is not comparable to MV data from low amplitude passes 

2Pass was static, MV no MV data is available 
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D.8.2 Acceptance using specification option 2b 
 
The repeatability of ks-CSM was not tested at the North Carolina work site, but will be assumed to be 5%; 
therefore, the Option 2b %D-TV was set equal to 10% for this case study. A %Area-TV = 80% was used. 
Figure D.20 shows %DMVi for passes 4, 6 and 8. The cumulative distributions of the %DMVi are also 
shown. Nearest neighbor interpolation was employed to transform the data onto a fixed grid. As 
illustrated, 48% of the Evaluation Section met the %D-TV after pass 4, 48% after pass 6 and 68% after 
pass 8. Evaluation Section does not pass according to Option 2b. Using the percent difference maps, it 
may be possible to select which lanes would benefit from more passes. In this case the right two lanes 
after pass 8 still fail, so additional passes in these lanes may be advised. 
 

 

Figure D.20. Percent change in MV maps for pass 2-4(%DMV4), pass 4-6(%DMV6), pass 6-8(%DMV8) 
and cumulative distributions of percent change showing percentage of area meeting acceptance 

 
 
D.8.3 Acceptance using specification option 3a 
 
D.8.3.1 Initial Calibration 
 
Calibration of roller MVs to spot test measurements was based on areas of low, medium and high 
stiffness found within the Measurement Pass (A=0.9 mm (0.035 in), v=4.0 km/h (2.5 mph), f=30 Hz). 
Four spot test measurements were performed in low, medium and high MV areas (see Fig. D.21). The 
resulting regression relationships are presented in Figure D.21. A suitable correlation was not found 
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between the roller MV and gd (R
2=0.49), and therefore, Option 3a can not be implemented. Due to time 

constraints, not all 12 points could be tested for density. Thus even if an acceptable R2 was found, there 
would not have been enough test points to use this calibration. A suitable correlation was not found 
between the roller MV and Elwd (R

2=0.47), and therefore, Option 3a can not be implemented. 
Note that the R2 values here are very close to acceptable (R2=0.50) and whether or not this is 

acceptable for QA purposes should be left to the discretion of the project engineer. For analysis purpose, 
it can be assumed that this area met the required R2. On this material the target density was 21.6 kN/m3. 
Here the calibration had density in the range of 20.3-20.8 kN/m3. Thus to get a MV-TV the calibration 
would have to be used as an extrapolation which is not advised. Therefore an MV-TV cannot be 
calculated from this data. 

The difficulty in obtaining a good correlation between the roller MV and gd is likely due to sub-lift 
variability and measurement depth. For example, locations 10, 9 and 8 verses 12, 5 exhibit significantly 
different roller MVs, yet their Elwd are much similar. Even if the R2 >0.5, the Elwd relationship should still 
not be used, due to the high variability of the points about the fitted line.  
 

 
Figure D.21. Roller MV maps and  MV-spot test measurement correlations 
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D.9 AGGREGATE BASE 
 
Specification 1, 2a, 2b and 3a were evaluated on a 12 m (40 ft) wide by 80 m (260 ft) long by 30 cm (12 
in) thick aggregate base Evaluation Section in North Carolina (see Figure D.22). Compaction was 
performed solely by the research team with the Sakai and Bomag CCC roller and the pass sequence 
depicted in Figure D.22, ks-CSM was computed from onboard instrumentation on the Sakai roller. High and 
low amplitude vibratory and static passes were used. LWD testing was performed with seven tests across 
the drum, and nuclear density testing was performed at two locations across the drum, with 4 tests at each 
location in the N, W, S and E direction. 
 
 

 
Test Bed Construction 
30 cm (12 in) of 
aggregate base atop 
previously compacted 
aggregate base 

Test Bed Compact via Following Roller Pass Sequence: 
Bomag: P1: A= 2.1 mm (0.083 in), reverse P2: A= 0.7 mm (0.028 in), forward 
Sakai:  P3: A= 2.1 mm (0.083 in), reverse P4: A= 0.9 mm (0.035 in), forward 
Bomag: P5: A= 0.7 mm (0.028 in), reverse P6: A= 0.7 mm (0.028 in), forward 
Sakai:   P7: Static (A= 0), reverse P8: A= 0.9 mm (0.035 in), forward 
Sakai:   P9: Static (A= 0), reverse P10: A= 0.9 mm (0.035 in), forward 

 
Figure D.22. Overview of test bed NC21 summarizing construction and compaction of the test bed and 

showing  Measurement Pass 
 
D.9.1 Acceptance using specification option 1 
 
Figure D.23 presents MV data from the Evaluation Section. Spot test measurements (gd) were performed 
in the roller-identified weakest areas and as illustrated in Table D.13. Four spots were considered as the 
lowest MVs and all of these spots fail to reach 100% relative compaction, and thus would fail. This means 
that this area did not pass Option 1 and would require additional compaction. The detailed calibration 
performed to evaluate Option 3a indicated that a correlation did not exist between the roller MV and gd, 
and that the lowest gd do not necessarily correspond to the lowest MV. Option 1 should be used with 
caution and a higher number of spot test measurements may be desirable in this case.  
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Figure D.23. Roller MV maps and  MV-spot test measurement correlations 

 
 

Table D.13. Option 1 Spot Test Measurements from Weakest Areas 
 

Location 
Relative 

Compaction1 

4 97 % 
5 95% 
11 97% 
12 94% 

1Based on percentage of gd-TV = 21.6 kN/m3 
 
 
D.9.2 Acceptance using specification option 2a 
 
Table D.14 provides %DmMVi for consecutive passes (with constant operating parameters as listed above). 
Based on a %D-TV = 5%, the Evaluation Section meets acceptance after pass 8.  This area could have 
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passed after pass 4, but due to the limited data set (i.e. using a different roller for passes 5-6) it was not 
possible to check acceptance until after pass 8. 
 

Table D.14. Summary of mMVi and %DmMVi from test bed NC22 

Passes mmmmMVi
1 %DmDmDmDmMVi

 

4 51 - 
8 51 0 
10 52 2.0 

 
 
D.9.3 Acceptance using specification option 2b 
 
The repeatability of ks-CSM was not tested at the North Carolina work site, but will be assumed to be 5%; 
therefore, the Option 2b %D-TV was set equal to 10% for this case study. A %Area-TV = 80% was used. 
Figure D.24 shows %DMVi for passes 8 and 10. The cumulative distributions of the %DMVi are also 
shown. Nearest neighbor interpolation was employed to transform the data onto a fixed grid. As 
illustrated, 88% of the Evaluation Section met the %D-TV after pass 8, and 85% after pass 10. This leads 
to Option 2b passing after pass 8.  
 

 

Figure D.24. Percent change in MV maps for pass 4-8(%DMV8), pass 8-10(%DMV10) and cumulative 
distributions of percent change showing percentage of area meeting acceptance 
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D.9.4 Acceptance using specification option 3a 
 
D.9.4.1 Initial Calibration 
 
Calibration of roller MVs to spot test measurements was based on areas of low, medium and high 
stiffness found within the Measurement Pass (A=0.9 mm (0.035 in), v=4.0 km/h (2.5 mph), f=30 Hz). 
Five to six spot test measurements were performed in low, medium and high MV areas (see Fig. D.24). 
The resulting regression relationships are presented in Figure D.24. A suitable correlation was not found 
between the roller MV and gd (R2<0.1), and therefore, Option 3a can not be implemented. A suitable 
correlation was not found between the roller MV and Elwd (R

2<0.1), and therefore, Option 3a can not be 
implemented. 

The difficulty in obtaining a good correlation between the roller MV and gd is likely due to sub-lift 
variability and measurement depth. For example, locations 5, 12 ,9 ,7 and 2 exhibit significantly different 
roller MVs, yet their gd are similar. Another reason correlations are difficult is due to local heterogeneity 
(see Fig. D.25). 

 
Figure D.25: Local variability for spot tests 

 


