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Figure 55. Mr of RPCC/RAP samples at 90% RD 

 

Figure 56. Comparison of Mr at 95% RD for RPCC/RAP samples 

The Mr test results were analyzed to fit the stress-dependent constitutive model shown in 
Equation 1, to determine the k1, k2, and k3 regression coefficients. These regression coefficients 
are summarized for each test sample in Table 17. The probability (p-values) associated with each 
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Figure 62. Moisture content profiles for RPCC/RAP modified subbase material 

Table 21. Frost-heave and thaw-weakening test results for RPCC/RAP modified subbase 
material 
Parameter µ σ COV (%) # of samples 
CBR (%) (standard test) 40.6 1 
CBR (%) (after frost-susceptibility test) 37.6 10.3 27.5 

4 

1st Frost-heave rate (mm/day) 7.1 0.4 5.3 
2nd Frost-heave rate (mm/day) 5.4 0.4 7.5 
1st Frost-heave susceptibility rating Medium 
2nd Frost-heave susceptibility rating Medium 
Thaw-weakening susceptibility rating Negligible 
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RPCC Modified Subbase 

Moisture and dry density of the RPCC modified subbase samples are shown on the standard 
Proctor curve of the material in Figure 63. 

 

Figure 63. Standard Proctor test results and ASTM D5918 samples for RPCC modified 
subbase sample 

The frost-heave versus time plots for the RPCC modified subbase samples are presented in 
Figure 66. The frost heave time plots for all four samples are very similar. The slope of the heave 
versus time line and the total heave decreases during the second freeze compared to the first 
freeze. The height of the samples increased after the first freeze, but remained nearly the same 
after the second freeze. 

The moisture content profiles are presented in Figure 67. Results showed that the moisture 
contents after testing increased by 2 to 6% in all the samples compared to its initial moisture 
content. 

A summary of the frost-heave and thaw-weakening test results with CBR testing before and after 
freeze-thaw cycles is provided in Table 22. Based on the test results, the material is rated as 
medium for frost-heave susceptibility and as negligible for thaw-weakening susceptibility. 
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Figure 64. Frost heave and temperature versus time plots for RPCC modified subbase 
material 
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Figure 65. Moisture content profiles for RPCC modified subbase material 

Table 22. Frost-heave and thaw-weakening test results for RPCC modified subbase 
material 
Parameter µ σ COV (%) # of samples 
CBR (%) (standard test) 70.3 1 
CBR (%) (after frost-susceptibility test) 33.3 4.3 12.8 

4 

1st Frost-heave rate (mm/day) 8.6 0.7 8.4 
2nd Frost-heave rate (mm/day) 6.1 0.5 8.0 
1st Frost-heave susceptibility rating High 
2nd Frost-heave susceptibility rating Medium 
Thaw-weakening susceptibility rating Negligible 
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cycles. The moisture content profiles are presented in Figure 67. Results showed that the 
moisture contents after testing increased by 2 to 3% in both samples. 

The frost-heave versus time plots for the RPCC modified subbase samples with all of the fines 
removed are shown in Figure 68. The frost heave versus time plots for the two samples are very 
similar and behaved the same as the samples with its original fines content and half of the fines 
content. The moisture content profiles are presented in Figure 69. Results showed that the 
moisture contents after testing increased by 2 to 3% in both samples. 

A summary of the frost-heave and thaw-weakening test results with CBR testing after freeze-
thaw cycles is provided in Table 23 for samples with half fines removed and Table 24 with all 
fines removed, respectively. Based on the test results, the material is rated as medium for frost-
heave susceptibility and as negligible for thaw-weakening susceptibility. 

Based on the results from the modified gradations of RPCC with half and all of the fines 
removed, the frost-heave rate for the first and second freeze cycles was not affected by the fines 
content. The post freeze-thaw CBR values were also not affected by the fines content. The frost-
heave and thaw-weakening susceptibility ratings are the same for all three gradations. 

 

Figure 66. Frost heave and temperature versus time plots for RPCC modified subbase 
material with about half of the fines removed 
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Figure 67. Moisture content profiles for RPCC modified subbase material with about half 
of the fines removed 

 

Figure 68. Frost heave and temperature versus time plots for RPCC modified subbase 
material with no fines 
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Figure 69. Moisture content profiles for RPCC modified subbase material with no fines 

Table 23. Frost-heave and thaw-weakening test results for RPCC modified subbase 
material with about half of the fines removed 
Parameter µ σ COV (%) # of samples 
CBR (%) (standard test) — 0 
CBR (%) (after frost-susceptibility test) 39.2 8.3 21.1 

2 

1st Frost-heave rate (mm/day) 7.7 0.2 2.7 
2nd Frost-heave rate (mm/day) 6.1 0.3 5.7 
1st Frost-heave susceptibility rating Medium 
2nd Frost-heave susceptibility rating Medium 
Thaw-weakening susceptibility rating Negligible 

Note: — = no test conducted 

 

Table 24. Frost-heave and thaw-weakening test results for RPCC modified subbase 
material with no fines 
Parameter µ σ COV (%) # of samples 
CBR (%) (standard test) — 0 
CBR (%) (after frost-susceptibility test) 35.5 4.0 11.3 

2 

1st Frost-heave rate (mm/day) 7.8 0.4 5.4 
2nd Frost-heave rate (mm/day) 6.1 0.7 10.8 
1st Frost-heave susceptibility rating Medium 
2nd Frost-heave susceptibility rating Medium 
Thaw-weakening susceptibility rating Negligible 

Note: — = no test conducted 
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CHAPTER 5. FIELD TESTING RESULTS 

This chapter presents overview of the project in terms of its condition before reconstruction and 
design details of the new construction, field investigations performed before the reconstruction 
on the old pavement, and results from field testing conducted after pavement foundation layer 
and pavement layer construction. The FWD and DCP test results obtained on the new pavement 
and foundation layers were compared with the assumed design input parameters. 

Project Overview and Field Investigations 

This project is located on US 30 in Boone County in Iowa and involved removal of the existing 
old pavement, which showed severe pavement distresses, between mileposts 139.0 and 147.27. 
According to the historical as-built records provided by Iowa DOT (2009), the existing pavement 
consisted of nominal 76 mm (3 in.) thick asphalt concrete (AC) overlay on nominal 229 mm 
(9 in.) thick portland cement concrete (PCC). The pavement layers were underlain by nominal 
102 mm (4 in.) thick asphalt treated base (ATB). The PCC layer was placed in 1973 over the 
ATB layer and the section was resurfaced with the AC overlay in 1992. 

A field investigation was conducted by the ISU research team on the existing pavement in 
February and March 2010 (in winter/frozen condition) prior to the reconstruction work. The 
existing pavement showed severe surface distresses with reflective cracking and vertical upheave 
near joints, especially during winter (Figure 70). The Iowa DOT also reported incidents of 
damage to vehicle tires and problems with snowplow blade contact. Initial field investigations by 
the Iowa DOT rated the ride quality of the pavement section as “poor” based on pavement 
condition index (PCI) ranging between 54 and 56 on a 0-100 scale (100 being good and 0 being 
failed condition). ISU field investigations involved obtaining core samples of the existing 
pavement near joints using 254 mm (10 in.) and 100 mm (4 in.) diameter diamond rotary bits. 
This investigation was performed between milepost 140.79 and 140.80 on US 30 EB and 
between mileposts 143.53 and 143.61 on US 30 WB. The core samples were visually inspected, 
and then were sealed and sent to the laboratory for additional testing. Visual inspections were 
conducted to evaluate the joint deterioration and vertical heave profiles were measured 
longitudinally across the joints. 

As part of the reconstruction work that began in summer of 2011, the existing pavement and the 
ATB layers were removed and the subgrade was undercut during the reconstruction process to 
place a nominal 410 mm (16 in.) thick modified subbase over the natural existing subgrade. The 
modified subbase layer consisted of 150 mm (6 in.) thick RPCC material at the surface underlain 
by 260 mm (10 in.) thick mixture of RPCC/RAP material. A nominal 254 mm (10 in.) thick 
JPCP was placed on the newly constructed foundation layer. Thickness design of the new 
pavement was conducted by the Iowa DOT according to the PCA (1984) method, by assuming a 
modulus of subgrade reaction (k) value of 41 kPa/mm (150 pci) for the foundation layer. The 
new pavement and foundation layer cross-section is shown in Figure 71. 

The ISU research team was present on the project site after the foundation layer construction was 
completed in June and August 2011. During June 2011 field testing, the pavement foundation 
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layers were instrumented with thermocouple temperature sensors to monitor seasonal 
temperature variations in the foundation layer with depth as well as temperature variations across 
the pavement width. The vertical temperature variations were monitored to assess frost depth and 
freezing/thawing periods, and the temperature variations across the pavement width were 
monitor to assess the influence of snow cover on the shoulder on the mainline pavements. During 
August 2011 field testing, LWD and DCP tests were conducted on the foundation layers. In June 
2012, about a year after the pavement construction was completed, falling weight deflectometer 
(FWD) tests were conducted on the pavement near mid-panel and joints at locations where 
foundation layer testing had been conducted. 

 

Figure 70. The existing pavement on US 30 EB showing severe surface distresses 
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Figure 71. Cross-section of the new construction on US 30 (provided by Iowa DOT)


