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Recycled Asphalt Pavement Case Study: Effect of Asphalt Binder

PG and RAP on Field Performance over Nine Years

Background
St.  Louis County performed two HMA Table 2 Recovered Aggregate Gradations and
reconstructions on portions of County State Aid Binder Contents — Marshall MV Designs
Highways during 2004 and 2005; CSAH 4 south
of Biwabik, and CSAH 16 east of US Highway % u;J © © © o
53. The county saw differences in initial 2 o - S ;'; Tuw I3
cracking performance and identified the two 3 = z z 3z g)% g)g
roads as potential research sections in 2005. g A O O ouw
Both projects were HMA reconstructions T 1%
consisting of two 12-ft driving lanes with 6-ft s8in | 98 98 100 98 100
shoulders. 24 in. of select granular modified 172in. | 92 | 93 99 93 9% 95
(less than 7 percent passing the #200 sieve) 3/8in. | 88 87 97* 86 90 84
was placed above the natural soil, followed by 6 #4 7| 72 81* 72 73 68
in. of class 5 base material, and 5.5 in. of #8 | 67 | 58 | 66* | 59 61 58

#10 64 54 62 56 58

bituminous pavement. The 'bltumlnou?fpaveme.nt 716 . ) = 95 i
was constructed as 2.5 in. base lift, 1.5 in. #0 | 22 | 22 29 30 >7
binder lift, and 1.5 in. wear course lift. The #50 17 18 22 23 20
recycled Asphalt Pavement (RAP) for the two #100 9 11 12 12 10
projects all came from CSAH 16 millings. 1(#3208 6.4 27.352*8 275593* 27.356* 263;2 4.9
. ; ; ; m . 334 | 2.367 | 2.367
hBAIturT;:nI(I)ul\jv m_|txtl_Jres were designed using Smm 547 2449 | 2493 | 2493
arsha criteria. RAP 5633
. . Sp. G (20%)
Table 1 Project Details Blend 2 640
Sp.G
CSAH 4 CSAH16 Voids 5.7 4.7 5.1 5.1 35
RAP Content 30% 20% VMA 14.0
Asphalt Binder PG 58-28 58-34 5.7
Nonwear AC% | 6.4* | 5.1* 6.1* 5.2* 5.2* [4.9
Construction 2004 2004 new]
i Adi.
Wear Construction 2004 NZSSZ: AF!I' 700 | 761 | 620 | 661
1* Winter Early =
Transverse crack Occasional
Performance every 50ft cracking after 2 .
Issues inters. Asphalt Binder:

Table 3 LTPPBind Binder Grade Selection
Scenarios for Minnesota at Latitude 47.38°

Materials (Hibbing Chisholm AP)

Mixture (_Jomponents: The mixture design Pavement Temp & PG | HIGH | LOW | HIGH | Low
and extraction and recovery results for random —

cores are presented in Table 2. Extraction Design AIr Temp 292 | 3.7 | 22 | 317
results show that the percentages passing #200 Design Pavement 465 | 289 | 535 | -35.2

were generally greater than the design, and the Temp

extracted binder contents generally less than the Selected PG 52 | 84 | %8 | 40

design. Adjusted film thickness values were Reliability 50% | 50% | 98% | 98%
relatively low compared to current MnDOT

recommendations. The intersection of CSAH 4 and 16 occurs near

latitude 47.38. According to LTPPBInd software,
50% reliability designs for roads in similar
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locations are produced using Performance
Grade (PG) 52-34 asphalt binder (Table 3).

Performance grades of binders (Table
4) recovered from roadway cores indicate that
wear courses attained LTTPBind reliability of
50%. The extraction-recovery process causes
complete blending between the RAP and virgin
binders contained in the asphalt mixture. The
RAP material alone did not satisfy the low PG
reliability requirements for this region.

Table 4 PG Tests on Asphalt Recovered from
Pavement Cores and RAP (August, 2005)
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; Recovered | Recovered RAP
Highway PG AC% RAP PG AC%
65.9-31.3 51
coan4 | (G0 g | (onean)
(wear) 6.1 (wear)
63.1-34.3 =3 79.9-15.7 6.4
CSAH (non-wear) ¢
16 63.4-34.5 g”g“(v\séeaé:;)
(wear) q
Climate

Transverse cracking is most closely associated
with low temperatures. Daily high and low air
temperature data was collected from public
records for the Hibbing-Chisholm Airport*
because it was located near the construction
projects,. The first nine seasons of cold weather
service (winter 2004-05 through 2012-2013)
were included. Table 5 and Figures Figure 1
and Figure 2 present the daily temperature data.
Approximately 40 percent of the records in nine
year period were for values between 0 and -40
°C.

Table 5 Air Temperature Data for CSAH’s 4 and 16

6/1/04 — 6/2/13 Daily Max Daily Min
Extreme Temps 36.7°C -37.8°C
Occurrences 0 to -10°C 653 817
Occurrences -10 to -16°C 203 324
Occurrences -16 to -22°C 56 279
Occurrences -22 to -28°C 9 155
Occurrences -28 to -34°C 0 70
Occurrences -34 to -40°C 0 8
Occurrences below 0°C 921 1653

! Closest Station Climate Data Retrieval web application,

http://climate.umn.edu/HIDradius/radius.asp. Accessed 9/23/13.
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The figures show that for this time period,
extreme lows typically occur between -28 and -
34 °C. Two percent of the daily lows were below
-28 °C, and less than one percent below -34 °C.
None of the daily highs were below -28 °C.

Daily Temperatures
6/1/2004 to 6/2/2013: St.Louis County, MN
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Figure 1 Selected Daily High and Low.

Figure 2 Distribution of Daily Temperatures for
Hibbing AP, June 2004 to June 2013.

Performance

The county saw differences in initial cracking
performance. The following pavement
management ratings show cracking,

International Roughness Index, and the overall
Pavement Quality Index for segments of the two
county highways.

- CSAH 4 from RP 47.19 to
50.8. Construction was completed in
2004 with PG-28 with 30% RAP.

- CSAH 16 from RP 38.937 to 43.468.
Construction was completed in 2005
with PG-34 and 20% RAP.

Similar Pavement Quality Index (PQI) and
International Roughness Index (IRI) values were
measured soon after construction. When
compared after nine years:

- 30% RAP with PG-28

PQI fall of an average 0.09 points yearly

IRI rise of an average 9.6 in/mile yearly

Transverse Crack Pct. = 37.5in 2013

- 20% RAP with PG-34

PQI fall of an average 0.03 points yearly

IRI rise of an average 2.9 in/mile yearly

Transverse Crack Pct. =10 in 2013
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Constructed 2004 with
30% RAP, PG-28 Binder

Constructed 2005 with
20% RAP, PG-34 Binder
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Figure 3 Performance measures for CSAH 4 (left)
and CSAH 16 (right).

Summary

Bituminous pavements were built as part of
reconstruction projects on CSAH’s 4 and 16.
The Marshall designs contained similar
aggregates, and differed by virgin binder PG and
allowable RAP percentage. Both projects used
the same RAP source.

- Recovered binder Low PG’s were
similar, and both satisfied criteria for
50% reliability for the design climate
zone. For 98% reliability in this zone,
LTPPBind recommends Low PG-40.

- Recovery causes total blending of RAP
and virgin binder components. The
extent of blending is unknown in the
field, but assumed to be less than
100%.

- The county observed differences in
cracking performance during their first
winter. Low PG-28 and 30% RAP
developed transverse cracks every 50 ft.
Low PG-34 with 20% RAP developed
virtually no cracking.

- Over nine years, the development of
transverse cracking, decline of
pavement quality and increased
roughness was measured at
approximately three times greater for
the surface constructed with Low PG-28
binder and 30% RAP. If a Rural Minor
Arterial threshold PQI = 2.8, then at
present rates:

o PG-28 with 30% RAP PQI = 2.8
in year 2017.
=  31% remaining in 2013.
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o PG-34 with 20% RAP PQI = 2.8
in year 2049.
= 80% remaining in 2013.
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