

  engproc-36-00062




engproc-36-00062







Eng. Proc. 2023, 36(1), 62; doi:10.3390/engproc2023036062




Proceeding Paper



Consistent Foamed Asphalt Contents Needed for Cold In-Place Recycled Pavement Layers in Practice †



Hosin Lee 1,*, Byungkyu Moon 2[image: Orcid], Ashley Buss 3 and Charles T. Jahren 4





1



Civil and Environmental Engineering, University of Iowa, Iowa City, IA 52242, USA






2



ARA Associates, Albuquerque, NM 87110, USA






3



Iowa Department of Transportation, Ames, IA 50010, USA






4



Department of Transportation, Civil, Construction and Environmental Engineering, Iowa State University, Ames, IA 50011, USA









*



Correspondence: hosin-lee@uiowa.edu






†



Presented at the Second International Conference on Maintenance and Rehabilitation of Constructed Infrastructure Facilities, Honolulu, HI, USA, 16–19 August 2023.









Academic Editor: Haifang Wen



Published: 16 August 2023



Abstract

:

Cores were recovered from the right wheel path and between wheel paths at 8 locations US 34 in Mills and Wapello Counties. The cores were cut into discs to isolate the pavement layers and the discs were fabricated into semicircular bending test specimens. Asphalt contents among CIR cores varied significantly and that CIR specimens with higher asphalt binder contents exhibited higher flexibility index values. From the output of these tests, the CIR pavement layers were found to be more flexible in comparison to the HMA layers, that CIR layers have higher flexibility that allow them to serve as a stress relieving layer and mitigate reflective cracking.
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1. Introduction


Cold in-place recycling (CIR) involves cold milling 3 to 4 in of a deteriorated asphalt pavement; processing and stabilizing the millings; and relaying, compacting, curing, and covering with a hot-mix asphalt (HMA) overlay or a bituminous surface treatment. A mix design procedure was previously developed and validated [1,2]. The long-term field performance of the CIR pavements constructed in Iowa was evaluated [3,4,5,6], and the impacts of moisture content in the CIR layer prior to an overlay were identified [7,8]. This paper discusses an analysis of cores collected from CIR/HMA overlay sections in Iowa. It was confirmed that the higher binder contents in the cores produced higher Flexibility Index values based on the Semi-Circular Bending (SCB) test. HMA samples seemed to have aged more than CIR samples, resulting in lower flexibility index values with a brittle behavior.




2. Analysis of HMA/CIR Cores


To investigate the underlying characteristics of CIR, field cores were collected from CIR/HMA overlay sections on US 34 in Mills and Wapello Counties, Iowa, on 16 November 2021. The cores were evaluated to determine the cracking resistance, binder contents, and gradations of both the CIR and HMA layers. A total of 16 cores with 6 in diameters were collected from eight locations at one-mile intervals along US 34. Two cores were collected at each location, one in the wheel path and one between wheel paths.



The HMA and CIR layers were distinguished by a difference in color, with the CIR layer being darker than the HMA layer. The thicknesses of both the HMA and CIR layers were measured from each core and are summarized in Table 1. Cores were labeled with the milepost number followed by either “RWP”, which indicates that the core was collected from the pavement’s right wheel path, or “¼ pt”, which indicates that the core was collected from between the pavement’s wheel paths.




3. Semicircular Bending Test Results


Semicircular bending (SCB) tests have been used to evaluate both fatigue cracking and low-temperature cracking. The flexibility index (FI) resulting from this test has been reported to have the capability to capture some of the critical changes in mixture variables. Lower FI values indicate that the asphalt mixture is more brittle and has a higher crack growth rate.



SCB tests were performed according to AASHTO TP 124 on the cores taken from US 34. As shown in Figure 1, samples for SCB testing were prepared by cutting the cores into semicircular specimens, each with a diameter of 150 mm and a maximum thickness of 50 mm (with some samples being thinner because field core samples have various thicknesses). A notch 15 mm long and 1.5 mm wide was made on the flat side of each semicircular specimen to induce cracking. All specimens were conditioned at 25 °C for 2 h before SCB testing was performed.



The SCB test setup and the dimensions of the test specimens are illustrated in Figure 2a. To induce cracking in the middle of the specimens, a 15 mm notch was created in each.



A typical force–displacement curve from an SCB test is illustrated in Figure 2b, which shows the work of fracture (WF) as the area under the curve and the post-peak slope (m) at the inflection point after the peak point. These parameters were used to calculate the fracture energy (GF) and Flexibility Index (FI).



Fracture energy (GF) can be calculated using the equation below:


   G F  =    W F    B × L    








where WF is the work of fracture, B is the specimen thickness, and L is the ligament length.



FI can be calculated using the equation below:


  F I =    G F     | m |    × A  








where GF is the fracture energy calculated by dividing the work of fracture by the ligament area, m is the post-peak slope at the inflection point after the peak point, and A is a unit conversion from field to laboratory (0.01).




4. Test Results


Based on the burn-off and sieve test results for the cores from all eight MP locations, the asphalt contents in the CIR layers were higher than those in the HMA layers and the aggregates of the CIR layers were finer than those of the HMA layers, as expected. However, there was no statistically significant difference in aggregate gradations or AC contents between the cores obtained from the right wheel path (RWP) and the cores obtained from between the wheel paths (¼ pt).



The FI values of both the CIR and HMA samples are plotted against binder contents in Figure 3. Based on the SCB test results of the CIR and HMA samples, increased binder contents produced higher FI values for both the CIR and HMA samples. However, the FI values of the CIR samples were significantly higher than those of the HMA samples. The average FI value of the CIR samples was 4.808, whereas that of the HMA samples was 1.422. It can be postulated that the HMA samples were aged for longer than the CIR samples, resulting in lower FI values, and that, therefore, relative brittleness was observed in the HMA samples.




5. Summary and Conclusions


Laboratory testing was conducted on cores extracted from US 34 in Mills and Wapello Counties, Iowa. These cores were cut to isolate the HMA and CIR layers, and the resulting samples were fabricated into specimens for the semicircular bending test. The output of the test was a load versus displacement curve that could be processed to calculate the work of fracture; further calculations were conducted to provide the flexibility index for each specimen. A higher flexibility index was expected to be associated with specimens that are more flexible and less likely to crack. When the HMA and CIR layers of the cores were compared, the HMA layers were found to have lower flexibility index values versus the CIR layers. This would suggest that, for CIR projects with an HMA overlay, a more brittle HMA overlay layer would cover a more flexible CIR layer. It was found that the asphalt contents among CIR cores varied noticeably and that CIR specimens with higher asphalt binder contents exhibited higher flexibility index values.



Asphalt binder contents may vary significantly across a pavement’s width due to a limited number of spraying nozzles and subsequent mixing operations for CIR with foamed asphalt. Therefore, adding the correct amount of asphalt is important. Too much asphalt will the reduce air void content in the CIR layer, which will facilitate shearing of the pavement layer under heavy traffic loading. Too much asphalt will also reduce the aggregate-to-aggregate interlock, allowing aggregate particles to move past each other as they are separated by asphalt that shears under load. Too little foamed asphalt will increase the air void content in the CIR layer, which will cause wheel path cracking in the HMA overlay as compaction rutting of the CIR layer develops under heavy traffic loading. The CIR layers are more flexible than the HMA overlay layers. For CIR using foamed asphalt, it is recommended that asphalt binder be more evenly distributed and mixed across the width of the pavement to ensure a more consistent asphalt binder content.
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Figure 1. Cuts made along the red lines to prepare a semicircular specimen with a thickness of 50 mm. 
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Figure 2. SCB test setup, dimensions, and force–displacement curve. 
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Figure 3. Plots of FI values versus binder contents for (a) CIR and (b) HMA samples. 
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Table 1. Thicknesses of HMA and CIR cores from US 34.






Table 1. Thicknesses of HMA and CIR cores from US 34.





	Core (MP)
	HMA (in/cm)
	CIR (in/cm)
	Total (in/cm)





	12.3 RWP
	5.9/15
	3.5/9
	9.4/24



	12.3 ¼ pt
	5.9/15
	3.5/9
	9.4/24



	13.2 RWP
	2.4/6
	2.4/6
	4.7/12



	13.2 ¼ pt
	2.8/7
	3.1/8
	5.9/15



	14 RWP
	2.4/6
	3.1/8
	5.5/14



	14 ¼ pt
	1.6/4
	5.4/13
	6.7/17



	15.3 RWP
	1.4/3.5
	5.3/13.5
	6.7/17



	15.3 ¼ pt
	1.6/4
	5.1/13
	6.7/17



	18.4 RWP
	1.6/4
	3.9/10
	5.5/14



	18.4 ¼ pt
	1.6/4
	3.5/9
	5.1/13



	19.3 RWP
	1.4/3.5
	3.5/9
	4.9/12.5



	19.3 ¼ pt
	1.4/3.5
	5.3/13.5
	6.7/17



	20.3 RWP
	1.6/4
	3.5/9
	5.1/13



	20.3 ¼ pt
	1.6/4
	3.5/9
	5.1/13



	181.4 RWP
	2.6/6.5
	3.7/9.5
	6.3/16



	181.4 ¼ pt
	2.4/6
	3.9/10
	6.3/16
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