
ASPHALT DURABILITY CORRELATION IN IOWA 
Pah-yinn Lee, Iowa State University, Ames 

Eight asphalt cements and paving projects using these asphalts were eval­
uated relative to their changes in rheological and chemical properties in 
pavement service for as long as 48 months. Corresponding changes in these 
asphalts of the same physical and chemical properties were determined dm·­
ing laboratory aging. The Iowa durability test is a two-stage aging process 
combining standard TFOT and pressure-oxidation freatment (20 atm in 
oxygen at 150 F) up to 1, 000 hou1·s. Good correlations between field-service 
aging in Iowa and laboratory aging during the Iowa durability test have been 
obtained. The master time-equivalency curve between the test in hours 
and the pavement service life in months, established by combining all as­
phalts (void levels) and all properties, indicates that 46 hours in test will 
age asphalts to the equivalent of 60 months in service. Correlation cw·ves 
for different properties and different levels of pavement voids were also ob­
tained. A tentative specification for 1>aving asphalts, including durability 
requirements based on the test, is suggested in lieu of current TFOT. 

•PUBLIC agencies responsible for the construction and maintenance of highways and 
airfield pavements and asphalt producers have been interested in the quality of paving 
asphalts for many years. 

The interest in asphalt quality has led to a large amount of reseai·ch related to as­
phalt dm·ability and hardening (1, 2, 3). Most of the reported research on asphalt du-
1·ability has been directed to finding mechanisms or causes of asphalt deterioration, meth­
ods for controlling or preventing undue hardening of asphalts or improving the durabil­
ity of asphalts, and tests to predict the behavior and durability of an asphalt during 
moong, laying, and service. 

A research project was initiated in Iowa in 1966 as a long-range comprehensive pro­
gram in the study of asphalt durability. Its ultimate objective was to develop a simple, 
rapid laboratory test that could be used by highway engineers to select paving asphalt 
according to quality, to identify inferior asphalts, and to reasonably predict the useful 
life of asphalts once they are incorporated in the pavements. 

The original proposed study on asphalt durability involves work in the following 
phases: 

1. Review of the knowledge of the durability of paving asphalts including the identi­
fication of predominant factors causing hardening during mixing, laying, and in-road 
service; 

2. Development of an accelerated laboratory durability test to simulate changes in 
asphalt during both short-time production and long-term service; 

3. Correlation of hardening and other changes in asphalts during the developed lab­
oratory test and changes in the same asphalts in pavements; and 

4. Establishment of durability criteria and functional approach specifications by 
means of established laboratory durability tests on original asphalt. 

Work on phases 1 and 2 has been reported elsewhere (2, 3). This paper gives the 
results of 48-mont)'l laboratory-field correlations and offers-suggestions as to how the 
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developed durability test can be applied to realistic asphalt durability evaluation and 
specifications. 

STUDY MATERIALS 

A lutal of eight asphalt paving projects, selected by Iowa State Highway Commission 
(ISHC) engineers, were included in this study. Asphalt cements, plant mixes, and core 
(or slabs) samples were obtained from foux paving projects during the late 1967 con­
struction season; materials from four more paving projects were obtained dw·ing the 
early 1968 construction season. The locations of the eight pavement projects are given 
in Table 1. In addition to asphalt received from ISHC, an essentially asphaltene-free 
asphalt cement (asphalt concrete 5) was obtained from the ESSO Research and Engi­
neering Co. and is included in the study to ev~luate the role of asphaltenes in the per­
formance of a paving asphalt. 

Four 1-gal asphalt cement samples were taken from each project by district person­
nel of the ISHC just prior to the asphalt's entry into the mixer. Forty lb of plant mix­
tw·es were collected from trucks immediately after they left the mixers and are identi ­
fied throughout this r eport as P-samples. The trucks from which the plant mixtures 
were sampled were tagged. Pavement cores (or slabs) of about 40 lb were cut from 
the newly finished pavements containing the mixtures from the same tagged truP.ks. 
Hali uI lhe cures (or slabs) were taken from the wheel track and are identified as 
f-0-A, and half of the cores (or slabs) were taken from between the wheel tracks and 
are identified in this report as f- 0- B. The same amounts of field core samples were 
taken from the respective pavem ent sections every 6 months fI·om the time the pave­
ment was lnid and are identified us f- 6, -12, -18, .. . , -A, or f-6, - 12, -18, ... , - B. 

Pertinent informaliun obtained at each project site by ISHC district personnel was 
summarized in a standard form by research department personnel and delivered to the 
Bituminous Research Laboratory, Towa State University, together with the sa111ples. 
The general ~haracteristics of the field pavement mixtures studied are given in Table 2. 
Specific surface, bitumen index, and film thickness were calculated based on data sup­
plied by the project information sheets . The original properties of tl1e nine asphalt 
cements studied are given in Table 3. 

EXPERIMENTAL WORK 

Procedures 

Experimental work was carried out as shown in Figure 1. When the experimental 
phase of the project terminated, samples as old as 48 months were tested on six pave­
ments, and 42-month samples were tested on two other projects. 

Iowa Durability Test 

An Iowa durability test (IDT) was developed (2) to simulate or reproduce the two­
stage aging and hardening of the asphalt in the field. The laboratory durability test 
procedure flually adopted was as follows: 

1. Use of BPR thin-film oven test (TFOT) on the original asphalt; 
2. Application of pressure-oxidation treatment to the residue from the T FOT in a 

pressure vessel for as long as 1,000 hours under a film thickness of 1/s in., a tempera­
ture of 150 F, and a pressure of 20 atm oxygen; and 

3. Evaluation of the physical anri r.hemical chani;tes in ::i.ophoJt during the adifh:htl 
aging process in relation to the original properties of the asphalt. 

Pressure-oxygen treat.ment was conducted in pressure vessels fabricated of ';k-in. 
stainless steel. These vessels are capable of simultaneously treating 10 standard 
TFOT samples to a pressure of 450 psi. The interior dimensions of the vessels are 
7.5 in. in diameter and 7.5 in. high. They are equipped with a pressure gauge and a 
relief valve. 
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Table 1. Pavement project locations. 

Number County Location Project Number Date Latd 

Chickasaw On US-63 north ol New Hampton FN-63-B(l)-20-19 Nov. 1967 
Dickinson On Iowa 327 from Iowa 276 east and FN-327-1(1)-21-30 Oct. 1967 

north 
Harrison On US-75 out ol Mo. Valley, north into FN-75-2(3)-21-43 Nov. 1967 

Mondamin 
4 Story-Polk On US-69 between Huxley and Ankeny FN-69-5(2) Oct. 1967 
6 Monona On US-75 from Harrison Co . line FN-3(2)-21-67 April 1968 

north into Ottawa 11 mi. 
7 Bremer On Iowa 3 FN-3-6(5)-21-09 May 1968 
8 Keokuk On Iowa 92 from Sigorney east FN-92-8(2)-21-54 May 1968 
9 Jackson On US-52 north ol Matjuoketa FN-52-1(3)-21-49 June 1968 

Table 2. Characteristics of field pavement mixtures. 

Asphalt 

Characteristic 6 

Gradation, percent passing sieve 
3

/,,, in. 100 100 
'/,in. 94 
3/s in. 100 100 100 100 77 100 100 78 
No. 4 81 89 92 78 60 85 85 62 
No. 8 62 67 58 59 43 67 63 49 
No. 16 44 
No. 30 30 34 34 31 25 35 35 2.3 
No. 50 16 21 23 18 19 35 25 
No. 100 12 13 13 13 9 13 
No. 200 9.3 9.9 9.4 9.4 7.1 8.4 8.9 6.7 

Percentage or bitumen 7 .5 6.3 6.3 7.5 
Spcclllc su·rraco', n '/ lb 40.59 45.92 44.18 41.86 
S!tuman lndox'. x 10-' 1.996 1.459 1.517 1.935 

5.0 7.0 5.3 5.5 
33.44 51.06 44.34 32.66 
1.585 1.469 1.263 1.776 

Film thicknessQ, µ 9.72 7.11 7.39 9.24 7.12 7.15 6. 15 8.65 
L"borcd.Ory dtudgn voldo, purcent 6. 8 6.1 6.6 9.3 
H1J.com nido pr0-5BlJ.1•e

4
, pal 60 46 63 48 

6.8 6.1 3.5 5.8 
55 61 55 29 

Asphalt conc.rete t cmp!!Nl.tuto, deg F 295 300 295 260 267 260 275 300 
Aggrcgat temporaturo, d"ll F 300 320 310 310 340 310 375 305 
Mb. Lempernt.ure. dog F 290 295 310 310 310 305 306 298 
Initial field voids, percent 8.7 9.8 11.5 12.3 5.5 7.1 6.7 5.1 
ADT, 1970 2, 100 330 590 3,000 500 2,000 1, 500 2,400 
Condition alter 48 months Transverse Excellent Excellent Severe trans- Good Good, Good to Excellent 

cracks 

1 Mix Desl;n Molhodt for Asphnh Concre ie. Th1 .0,1phalt Institute, MS-2, 1962. 
~Percent bltuml!n (t ljlljltegate bt1.Jd/wecific surfoco.. 
ceitumen Index x 4.870. 
dAt 400.psi venical load. 

Table 3. Properties of asphalt studied. 

Asphalt 

Characteristic 2 3 

Pe11e1ratlo11, 77 / 100/ 5 89 94 91 
Spculnc "1·11vity, n / 77 1.017 1.026 1.042 
Viscosity 

77 F, megapoises 1.16 1.23 1.58 
140 F, poises 1,356 1,086 1,316 

Softening point, deg F 119.0 116.5 115.5 
Flash point, COC, deg F 600 595 630 
Fire point, COC, deg F 680 690 705 
Microductility at 77 F, cm 63 71 66 
TFOT 

Residue penetration 53 51 57 
Wc.l r,.ht loas, percent o.oi 0.16 +0.01 

spot tes t Negative Negative Negative 
Sourco-· I 1 2 

90 
1.011 

1.10 
1,106 
114.5 
625 
705 
77 

56 
o.oo 
Negative 
2 

8 1 =-blend of asphalts from Texaco at Casper, Wyoming, and American Petrofina, Big Springs, Texas. 
Engineering Co. 4 =American Petrofina, Big Springs, Texas. 

verse and s ome exce llent 
longitudinal cracks 
centerline 
cracks 

G 8 

84 87 95 90 92 
1.017 1.019 1.042 1.003 0.999 

1.14 1.70 1.15 1.10 1.22 
1, 781 1,455 1,316 1,922 2,060 
113.0 118.0 116.0 118.0 119.5 
690 615 625 655 655 
730 670 685 735 735 
82 55 68 51 63 

67 55 59 60 62 
+0.01 0.07 0.07 0.24 0.16 
Negative Negative Negative Negative Negative 
3 4 4 2 2 

2 = American Oil, Sugar Creek , Missouri. 3 ~ Esso Research and 



Figure 1. Flow chart of testing 
procedures. 

Table 4. Changes in 
penetration during 
weathering. 

ORIGINAL 
ASPHALT (a) 

TFOT 
ASTM D-1754 

(d-0) 

IOWA DURABILITY TES I 

20 aim., 150°F 
(d-24,48,otc.) 

PENETRATION 

ASTM D-5 

SOFTENING POINT 

ASTM D-36 

FLASH AND FIRE 

ASTM D-92 

DUCTILITY 

ASTM D-113 

SPECIFIC GRAVITY 

ASTM D-70 

SPOT TEST 

AASHO T-102 

Asphalt Penetration 

Project Sample 

Original 89 94 91 
TFOT 53 54 57 
Laboratory aging (hours) 

d-24 30 34 36 
d-48 29 30 30 
d-96 26 25 26 
d-240 19 20 20 
d-480 13" 17 16" 
d-1000 11 13" 8 

Field aging (months) 
Plant 60 72 57 
1-0 

A' 57 67 57 
B' 57 67 57 

1-6 
A 61 56 48 
B 56 58 52 

l-12 
A 43 37 42 
B 39 38 38 

l-18 
A 41 38 40 
B 43 36 30 

1-24 
A 39 35 35 
B 36 35 34 

1-30 
A 35 33 32 
B 33 31 34 

1-36 
A 36 34 30 
B 37 32 29 

1-42 
A 37 33 31 
B 39 29 32 

[-48 
A 28 28 27 
B 31 28 27 

PLANT (p) PAVEMENT (f) 

4 

90 
56 

311' 
31 
25 
20 
17" 
10 

67 

62 
62 

57 
62 

39 
35 

34 
36 

38 
29 

30 
32 

30 
30 

29 
28 

26 
26 

RECOVERED ASPHALTS 

(f-0,6, 12,otc.) 

DENSITY AND VOIDS 

DETERMINATIONS 

VISCOSITY AT 77°F 

SLIDING PLATE 

VISCOSITY AT 140°F 

ASTM D-2171 

CHEMICAL ANALYSES 

INFRARFn 

SPECTROSCOPY 

FRASS BRITTLE POINT 
TEST 

SPECIAL TESTS 

84 87 95 
67 55 59 

49• 50 44• 
41 32 37" 
37 27 29" 
27 22 19" 
20· 21 16" 
11 14 10 

71 76 

79 

39 41 
40 41 

37 35 
39 42 

34 35 
34 3~ 

36 37 
35 36 

33 35 
34 33 

36 
35 

28 
28 

90 92 
60 62 

44• 37 
33 27 
30 24 
26 21" 
22· 23 
15 

74 79 

71 64 

43 51 
43 56 

42 53 
45 49 

35 39 
3o 41 

38 41 
39 39 

35 40 
35 38 

36 36 
35 31 

34 
34 

a Interpolated value. bA - in wheel tracks. "B = between wheel tracks~ 
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Physical Tests 

The physical tests selected in this study are mainly for the evaluation of changes in 
rheological properties of asphalt with aging or hardening and are selected based on the 
hypothesis that asphalt durability can be related to rheological behaviors. 

Tests conducted on the original, laboratory-aged, and recovered field asphalts are 
shown in Figure 1. Specific gravity, penetration at 77 F (100 g, 5 sec), and ring and 
ball softening point were determined following standard ASTM procedures. Viscosity 
at 77 F was determined by the Sheel sliding-plate microviscometer. Plots of log 
s11earing stress and log rate of shear and log viscosity and log rate of shear were made 
on all asphalts. Viscosities at a rate of shear of 5 x 10- 2 sec-i, at a constant energy 
input of 101 ergs (4), and at a constant shearing stress of 167 g/cm2 (1.63 x 105 dyne/ 
cm 2

) were calculated (5). Unless otherwise stated, only the viscosity at the nte of 
shear of 5x10-2 sec-1 Ts reported. 

The slope of the log rate of shear versus log shearing stress linear plot is defined 
as the degree of complex flow, commonly designated by the letter c (4). The shear 
index (SI) or shear susceptibility (S) is the tangent of the angle of logshear rate versus 
log viscosity plot (6). The rate of change ln SI of various asphalts during weathering was 
found to be related- to relative durability of asphalt (6 - 9). 

Viscosity at 140 F was determined by Cannon-Manning vacuum viscometers following 
standard procedures. 

Because of the limited quantity of recovered asphalts that would be available, all 
ductility tests were made at 77 Fon %- by lfe - in. microductility molds developed by 
the Phillips Petroleum Co. and used in previous projects (10, 11). The use of micro­
ductility specimens also makes the differentiation among asphalts possible within the 
limits of the ductility machine (150 cm). 

The chemical approach to durability studies of asphalts has been criticized as being 
premature because of a lack of definitive knowledge of chemical composition and as ­
phalt structm·e. However, this is a fundamental approach. It has been proved that 
chemical composition does have direct effects on rheological and durability properties 
of asphalt, that the relation between asphalt durability and chemical composition can 
be established (12, 13, 14), and that the durability grouping of asphalts by chemical 
composition is possible{14), 15). 

Asphaltene content a.ndOxygen percentage have been used as parameters for chem­
ical changes. Aspha.ltene content was de termined by precipitation with a Skelly F (16), 
and oxygen content was determined by the combustion method using a Coleman oxygen 
analyzer. 

Chemical analysis of asphalts 1 through 4 was also made by a method suggested by 
Rostler and White (13) and Halstead et al. (14) to determine the relation between as-
phalt durability and(N + A1)/(A2 + P). -

During the second half of this investigation, analysis of asphalts by infrared multi­
ple internal reflection techniques was undertaken to determine the changes in infrared 
sµectra of asphalts during field aging as well as laboratory aging and, if possible, to 
establish a relation be tween asphalt durability and its infrared spectrum. The results 
of infrared analyses have been reported elsewhere (17). 

LABORATORY AGING 

Changes in Rheological Properties 

The results of penetration change with time during laboratory aging (at 77 F, 100 g, 
and 5 sec) in IDT are given in Table 4 and typical plots are shown in Figure 2. The re­
sults of viscosity change measured at 77 F and at 5 x 10-2 sec-1 with time are given in 
Table 5. Similar results for viscosity at 140 F are given in Table 6. Samples of log 
viscosity and time plots are shown in Figures 3 and 4. From viscosity at 77 F data, 
c and SI were calculated for all nine asphalts. Results of softening point are given in 
Table 7, and changes in microductility at 77 F with laboratory aging time are given in 
Table 8. Except in a few instances for ductility, all the preceding property changes 
were found to follow the hyperbolic model suggested by Brown et al. (18). This is 



Figure 2. Penetration versus time of aging. 
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Table 5. Changes in viscosity at 77 F. 

Asphalt Viscosity (megapoises) 

Project Sample z 
Original 1.16 1.23 1.58 1.10 1.14 
TFOT 4.22 5.35 3.70 3.09 1.68 
Laboratory aging (hours) 

d-24 18.4 11.7 9.50 9.0' 3.50' 
d-48 20.5 19.3 14.2 15.7 5.60 
d-96 23.9 24.6 19.2 22.6 7.40 
d-240 44.0 36.2 47.0 36.9 13.50 
d-460 64.5" 38.5 76.0' 52 .0' 14.70' 
d-1000 89.0 116.0 64.0 17.30 

Field aging (months) 
Plant 4.30 4.70 3.40 3 .09 
l-0 

A' 4.87 4.60 3.39 3.01 
D' 4.87 4.60 3.39 3.01 

[-6 
A 4.30 5.96 3.40 3.56 
B 5.70 5.35 3.76 3.50 

1-12 
A 9.80 8.90 9.66 11.2 
B 9.54 9.20 12.2 

f-18 
A 12.7 8.33 12.4 13.9 
B 11.5 10.28 12.0 15.5 

f-24 
A 12.2 12 .6 21.0 
B 15.0 15.0 11.9 lB.6 

l-30 
A 14.5 16.5 17.0 20.5 
B 18.5 19.2 13.2 21. G 

f-36 
A 12.3 13.8 21. 0 16.2 
B 12.5 16.0 19.G 17.7 

l-42 
A 13.4 17.8 18.8 16.2 
B 9.5 16.5 14.0 22 .2 

l-48 
A 19.2 19.6 20.7 21.8 
B 16.4 20.9 16.l 22 .0 

alnterpolated value. b A - in wheel trocks, CO • bctwl!M\ wheel Lrac:kl. 

1.70 1. 15 l.10 l.22 
3.80 3.90 4. 15 2.86 

7.00' 8.30' 10.30 
14.60 12.50' 12.60 12.50 
21.00 22.00' 14.80 15.00 
33.00 51.00' 36.00 27 .50' 
37.00 78.50 53.50' 45.00' 
72.00 99.20 64.00 69.00' 

2.61 2.07 3.42 2.29 

2.25 2.14 2.61 

6.58 6.30 6.40 4.90 
8.70 6.74 6.40 3,90 

10.60 9 .80 14.50 11.50 
11.90 9.80 12.50 8.90 

12.10 12.80 11.50 10.50 
1~ An 12 00 10.90 10.50 

12.70 14.50 9.60 12.00 
7.80 12.20 6.90 8.40 

13.50 12.00 13.50 9. 66 
17.50 12.00 14.00 9. 10 

13.80 11.50 

17.·50 12.50 



Table 6. Changes in viscosity at 140 F. 

Asphalt Viscosity (pois es ) 

Project Sampl,e 4 

Original 1,3 56 1,086 1,316 1,106 
TFOT 2,368 3,448 4,041 3,556 
Laboratory aging (hours) 

d-24 12,094 10, 849 5,812 
d-48 15,248 17,022 7, 979 11, 830 
d- 96 23, 276 34,249 12, 772 13, 930 
d-240 81,254 89,639 28,062 23, 479 
d-480 
d-1000 200,000 130, 000 71, 560 

Field aging (months) 
Plant 2,182 2, 045 1,913 2,136 
[-0 

A" 2,294 2,931 2,122 I, 781 
B' 2,294 2,931 2, 122 I, 781 

1-6 
A 2,71 6 3,735 2,820 2, 582 
B 3,555 3,412 3,038 2,525 

1-12 
A 5,814 8,165 4,634 5,984 
B 6,722 8,098 5,829 5,964 

1-1 8 
A 4, 733 6,964 5, 331 5,077 
B 3,717 7,806 4,799 6,178 

1-24 
A 5,158 9, 742 6,437 7,672 
B 6,675 10,204 6,217 8,526 

1-30 
A 6, 710 9,341 6,229 7,960 
B 8,506 9,588 5,593 8,605 

f-3 6 
A 5, 747 9,991 7,218 7,777 
B 7,031 12, 792 8,130 7,484 

l-42 
A 6, 448 12, ! 73 6, 951 7,598 
B 4,954 10,054 9,969 

f-48 
A 11,044 13, 773 8,305 8,490 
B 9,473 14,082 7,549 8, 647 

'Interpolated 11alue. b A "° in wheel tracks. cs • between wheel tracks, 

Figure 3. Viscosity at 77 F versus time of aging. 
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Figure 4. Viscosity at 140 F versus time of aging. 
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Table 7. Changes in softening point during weathering. 

Asphalt Softening Point, Ring and Ball (deg F) 

Project Sample 2 0 

Orl~lmll u~.o 116.5 115.5 114.5 113.0 118.0 116.0 118.0 119.5 
TFOT 127.5 131.0 123.0 126.0 119.0 127.0 123.0 129.0 119.5 
Laboratory aging (hours) 

d-24 141.0 134.0 131.0 133.5' 121.5' 125.5' 136.0' 132.5 
d-18 140.5 143.0 138.0 138.0 126.5 140.0 128.5' 142.5 136.0 
d-96 143.5 149.0 140.5 141.0 126.0 143.0 134.0' 144.5 145.5 
d-240 159.0 152.5 145.0 148.5 134.0 152.0 146.6' 150.0 151.5' 
d-480 168.0' 167.0 154.5' 154.5' 143.8' 163.7' 160.5' 164.0' 
d-1000 175.0 170.0' 171.0 173.5 154.0 174.0 171.0 173.0 

Field aging (months) 
Plant 130.5 129.0 127.5 122.5 118.0 120.0 124.0 116.0 
1-0 

A' 127.5 125.0 125.0 119.0 118.0 132.0 124.0 
B" 127.5 123.0 125.0 119.0 

f-6 
A 124.0 128.0 122.5 120.5 133.5 132.0 136.0 132.0 
B 125.0 120.5 125.5 120. r, 133.0 130.0 136.0 126.0 

f- 12 
A 129.0 135.0 130.0 130.0 134.0 129.5 134.0 138.0 
B 129.5 137.5 131.0 131.0 138.5 130.0 126.0 132.0 

l-18 
A 130.0 137.0 134.0 135.0 132.8 136.4 132.0 
B 132.0 136.0 128.0 134.0 140.0 132.8 136.0 130.0 

l-24 
A 129 .5 134.5 136.5 136.5 129.0 138.0 138.0 136.0 
B 136.0 138.0 136.5 136.5 

f-30 
A 137.0 140.0 136.5 135. 5 140.0 137.0 141.0 1 ~R n 
D 138.0 l~'/.U 136.0 

f-36 
A 138.0 143.5 138.0 134.5 137.0 139.0 
B 140.0 142 .0 138.0 136.5 

l-42 
A 133.0 138.0 140.0 134.5 142.0 144.0 
B 129.0 138.2 141.0 134.6 

f-40 
A 134.5 136.5 136.5 136.5 
B 137.3 136.4 134.6 136. 4 

1 1nterpo1ated value. bA ==in wheel track!i "'B == between wheel tracks 

Table 8. Changes in microductility at 77 F. 

Asphalt (cm) 

Project Sample 9 

Original 63 71 72 67 81.4 53.0 68.4 51 .0 63.0 
TFOT 46 36 82 89 91.0 57.0 84.0 60.0 55.0 
Laboratory aging (hours) 

d-24 9.2 5.4 59 82 101.0' 16.0' 70.0' 20.0' 11.0 
d-48 5.0 3.0 50 41 102.6 5.1 56.0' 7.0 5.5 
d-96 2.6 2.0 20 23 122.0 3.0 29.0' 4.0 6. 7 
d-240 2.0 1.5 5.2 4.7 115.0 0.5 s.o· 2.0 
d-480 3.8 79.0' 1.0' 4.0' 1.5' 
d-1000 0.5 0.4 1.8 -0.3 I. I 1.3 1.0 

Field aging (months) 
Plant 48 62 87 93 75.0 68.0 67.0 65.0 
[-0 

A' 69 72 78 Bl 60.0 67 .0 79.0 
B" 69 72 78 102 68.0 

l-6 
A 87 62 102 102 23.0 73.0 15.0 37.0 
B 87 63 95 101 23.0 64.5 14.6 28 .0 

l-12 
A 63 27 44 58 24.4 76.0 25.0 57 .0 
B 70 82 56 31.0 101.0 24.0 47 .0 

f-18 
A 70 33 88 84 55.5 8.5 16.5 
B 76 35 79 85 80.5 11.0 16.5 

f-24 
A tib 14 21 69 23.0 57.8 
B 16 9.0 43 55 

f-30 
A 16 7.7 84 65 7.2 5.9 
B 17 8.0 69 74 

l-36 
A 15 8.3 35 26 50.7 
B 17 6.3 35 37 

l-42 
A 16.5 10.0 43 37 4. 7 5.0 
B 14.0 4.0 34 12 

f-48 
A 4.8 3.6 28 28 
B 6.0 29 15 

'Interpolated value. bA"' in wheel tracks. ca c between wheel tracks 
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significant because it agrees with reported actual field hardening in service (18-21). 
It also suggests that the IDT is realistic and that the correlation between fieldliardening 
and hardening of asphalt in the IDT is possible. 

According to this theory, the changes in physical properties of asphalt are a hyper­
bolic function of time and approach a definite limit with time. Brown et al. have sug­
gested the following equation to express the hardening of asphalts in the field: 

or 

where 

T 
1::.Y =a+ bT 

T 
t:.Y =a+ bT 

(1) 

(2) 

t:.Y =change in penetration (or softening point or ductility) with time T or the dif-
ference between the zero-life value and the value for any subsequent year; 

T =time; 
a = constant, the intercept of the Eq. 2 line on the ordinate; 
b = slope of the Eq. 2 line; and 

1/b = the ultimate change (limiting value of change) of penetration at infinite time. 

Note that, from the limiting values of change 1/b, the limiting values of properties Yu 
can also be calculated. Both values could be used as numerical measures for compar­
ison of the relative performance of asphalts. Thus, an asphalt with a high value of 
limiting change of penetration or a low value of limiting penetration could be considered 
as inferior to one with a low value of limiting change of penetration or a high value of 
limiting penetration. 

Experimental data were fitted to Eq. 2 by the least-squares linear regression methods. 
Predicted curves were plotted in all pertinent curves in dashed lines and with equations 
given. Almost without exception, the fittings, as indicated by correlation coefficients 
R, were excellent. It can thus be concluded that the changes of rheological properties 
as measured by penetration, viscosity, softening point, and ductility are a hyperbolic 
function of time during IDT; i.e., the penetration and ductility decrease, and the vis­
cosity and softening point increase, with time approaching definite limiting values. 

The limiting values have been suggested by Brown et al. (18) as an index in com­
paring performance or potential behavior of asphalts. However, as pointed out by the 
author (2), when it is used as the only index in asphalt durability or quality evaluation, 
it can be misleading. The reason is that, in reality, asphalt will most likely reach a 
critical value of penetration, viscosity, ductility, or other controlling property and fail 
before it reaches the limiting value or infinite time. Therefore, it is the critical 
value or values of the controlling property or properties and the time the asphalt in 
question takes to reach this value that are of the utmost practical concern. 

From viscosity data, it is shown that aging in IDT resulted in a decrease in c and 
an increase in S. Here, again, the behavior of asphalts in IDT appeared to be in 
agreement with other reported field findings (5, 19). · 

Asphalt hardening can also be expressed in-terms of penetration ratio (original 
penetration/aged penetration) or viscosity ratio (aged viscosity /original viscosity). 
The viscosity ratio at 77 F is often called the aging index. Results of viscosity ratio 
for asphalts in IDT were calculated for viscosity at 77 F and for viscosity at 140 F. 
Linear relations were found between log penetration ratio and log time and between log 
viscosity ratio and log time during IDT aging. From these plots, relative durability or 
hardening susceptibility of asphalts of different original penetration or viscosity can be 
compared. 

Aging and Chemical Changes in Asphalts 

In this investigation, chemical changes in asphalt during aging were measured by 
determining the asphaltene content, the chemical composition by the Rostler-White 
method, and the oxygen content and by spot testing and using IR spectroscopy. 
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The formation of asphaltenes that results from weathering (oxidation or polymeriza­
tion or both) has long been observed. The increase in viscosity (hardening of asphalt) 
and the change in colloidal structure (from sol or sol-gel to gel materials), or the in­
crease in complex flow that accompanies the increase in asphaltene content, have been 
postulated by many researchers as the cause for asphalt failure by cracking. Thus, 
the change in asphaltene content was used in this study as an important parameter in 
asphalt durability evaluation. 

The percentage of asphaltenes as given by the Skelly F precipitation method for all 
asphalts studied is given in Table 9, Three important observations can be made: 

1. Aging is accompanied by increase in asphaltene content. 
2. Change in asphaltene content is a hyperbolic function of time. Except for asphalt 

concrete 5, which is an unusual asphaltene-free asphalt, regression coefficients for the 
plot of T/AY versus T were all more than 0.90 and were all significant at the 95 percent 
level. 

3. Rates of asphaltene content formation are different for different asphalts (a varied 
from 5.6 to 32.4 and b varied from 0.05 to 0.99). The ultimate change in asphaltene con­
tent varied from 9 to 20 percent. 

The data on chemical compositions of asphalts by the Rostler-White method indicated, 
though not very consistently, general increases in A and A.a and decreases in Ai and P 
with aging in IDT. The N-fraction remained relatively constant. 

The composition parameters (N + Ai)/(Aa + P), the ratios of more reactive to less re­
active components, and N/ P, the ratio of the most to the least reactive fractions of 
maltenes, were calculaled. The ralio (N + Ai)/(Aa + P) has been correlated with the du­
rability of asphalts as measured by the tendency of asphalts to harden during aging as 
determined by the pellet-abrasion test (13, 14). However, the pattern of change in 
(N + A1)/(Aa + P) with aging for asphaltsstudied could not be defined. The ratios of 
N/P varied from 1.25 for asphalt 3 to 3.19 for asphalt 4. This parameter was suggested 
by Halstead et al. (15) as indicative of the quality of asphalt. The significance of this 
parameter is yet tobe determined. 

Oxygen content of asphalt and asphaltenes was determined by the combustion method; 
a gradual increase in oxygen content during aging (both during the durability test and 
the road service) was observed. The degree and rate of oxidation were also indicated 
by weight increase during pressure-oxidation treatment. 

Data also indicated that aging not only increased asphaltene content and oxygen per­
centage in asphalt, but it also caused increases in oxygen percentage in asphaltenes. 

Results of spot tests during laboratory aging have shown that all original asphalts 
showed negative spot tests, and, as asphalts aged (except for asphalt 5), all tests be­
came positive at some time during the aging process. The border line between posi­
tive and negative spot testing appeared to be about 20 percent asphaltenes. 

FIELD AGING 

Density and Voids Changes of the Pavements 

Changes of density and voids of asphalt pavements were studied because such changes 
have been found to affect the rate of asphalt hardening, fatigue resistance, and water 
susceptibility of the mixture. Thus, the changes and voids are two relevant factors to 
be considered in the final analysis of asphalt durability, correlation, and critical as­
phalt property values. 

Bulk specific gravity dis determined by the water displacement method at 77 F. 
Percentage of voids V is calculated from bulk specific gravity and maximum theoretical 
specific gravity D data. The latter is determined following Rice's method, which is 
essentially that described in the ASTM D 204 l-64T. Changes in voids content are 
shown in Figure 5. When the trends are examined and compared with designed mix 
data, the following observations can be made: 

1. There were no appreciable initial differences on density-voids values between 
specimens in wheel tracks and specimens between wheel tracks, 



Table 9. Percentage of asphaltenes. 

Asphalt 

Project Sample 2 3 4 

Original 17. 72 17.65 15.69 14.52 
TFOT 20.60 21.23 19.37 18.33 
Labor atory aging (hours) 

d-24 23.34 23.50 21.06 
d-46 23 .50 23.85 21.67 22 .14 
d-96 24.05 24.85 22.69 23.11 
d-240 27.14 26.54 24.57 26.52 
d-480 27 .60' 29.37 27.50' 29.80' 
d-1000 28.99 34.17 31.10 

Field aging (months ) 
Plant 20.26 20.04 19.04 18.83 
r-o 

A' 19. 96 20. 75 18.22 19.10 
B' 19.88 

l-6 
A 20.11 20.87 19.84 18.36 
B 21.31 20.11 25.97 22.56 

f-12 
A 20.31 21.86 21.29 21.24 
B 21.26 21.45 21.81 

l-18 
A 23 .21 20.69 21.40 21.45 
B 21.68 23.12 20.00 22 .20 

f-24 
A 21.16 22.02 21.27 
B 23.03 23.95 20.99 24.52 

f-30 
A 24.02 22.78 20.99 23.66 
B 24.71 22.85 20.65 23.94 

l-36 
A 25.08 23.96 21.49 23.83 
B 25.56 24.30 23.98 23.05 

f-42 
A 24.03 24.91 24.36 23.51 
B 

l-48 
A 25 .38 24.91 24.15 25.16 
B 33.23 25.20 24.99 24.97 

• interpolated value. b A • in wheel tracks. 1:9 "' between wheel tracks. 

Figure 5. Pavement voids versus time. 
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8 

4.55 15.64 17.60 11.30 11.11 
5.70 19.20 20.20 14.35 14.18 

6.70' 22.00' 16.00' 16.55 
6.07 22. 30 22 .80' 19.20 19.70 
7.93 22. 68 24.20' 19.15 19.12 
10.96 27 .13 26.20' 21.06 20.50' 
14.40' 27.35 27.50' 22.40' 22.60 
22 .02 28.22 31.10 25.70 

19.48 20.70 13.95 11.96 

19.30 12.35 12.82 

20.39 20.44 17.85 14.48 
21.56 20.74 15.51 

20.71 23.07 17.95 16.39 
19 .93 18.85 16.68 

23 .63 24.59 19.49 18.04 
24.95 23.14 19.73 18.80 

28.56 23.49 19.73 18.50 
28.30 18.74 

24,16 24 .82 20.73 19.69 

23.04 17.88 21.84 
22.40 

28 .00 21.36 
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2. Pavements constructed during the second period (projects 6 to 9) of warmP.r 
weather approached higher density and lower voids relative to design density and voids 
than those built during the first period (projects 1 to 4), 

3. Half of the pr ojects reached design densities and voids at the end of 1 year or 
after one summer of traffic densification, and 

4. Changes of density and voids appeared to have leveled off after 1 year of traffic 
compaction. 

Behavior of Asphalts in the Pavements 

Physical and chemical changes in asphalts in pavements were determined for 42 
months on four projects and for 48 months on the other four projects. The general 
changes of physical and chemical pr operties of recovered asphalts with field aging 
time were found to follow the time-rate-of-change curves established in laboratory 
aging during IDT. 

Physical Properties-All physical properties (especially rheological) that apoeared 
to be suited to evaluating asphalt durability and that ha ve been conducted on original and 
laboratory-aged asphalt were also determined on recovered asphalts from plant, p, to 
just compacted, f-0, and up to 48 months at 6-month intervals. 

Within the range of mixing temperatures of 290 to 310 F that were recorded at the 
plants for the eight paving projects, no appreciable differences were detected in the 
hardening of asphalt as determined by incr ease in penetration ratio. The comparison 
between results of the TFOT, d, and the hardening during mixing, p and f-0, in terms 
of penetration, penetration ratio, viscosity at 7'7 and 140 F, aging index (viscosily 
ratio) at these two temperatures, and softening point showed slightly higher overall 
hardening in TFOT than in plant mixing for various asphalts used in this project. How­
ever, the close parallel between results of these two processes has reconfirmed the 
ability of the TFOT in simulating hardening of asphalt in an average hot mixing plant. 

The changes in penetration softening point, viscosity at 77 and 140 F, and micro­
ductility at 77 F for 42 to 48 months of service life are given in Tables 4 through 8. 
The curves showing drop in penetration have the normally expected shapes of hyper­
bolic function of time, with a rather rapid rate of hardening in the first 20 months and 
a tendency for the rate of hardening to decrease thereafter. Hyperbolic fittings were 
made on all recovered asphalts (both in and between wheel tracks) for all properties 
between property change l:lY and T time by linear least- squares regression analysis 
between T / t:..Y and T. The resulting time-property change curves were indicated by 
dotted line curves with equations shown in terms of t:.. Y = (T / a) + bT. Also shown with 
the fitted curves is R. 

The viscosity at 77 F and the 5 x 10-2 sec- 1 increase with time also followed a 
hyperbolic function, as shown in Figure 3. The effects of field aging were also re­
flected in c and on S. The general trends of decreasing c and increasing S with field 
service life can be observed. A hyperbolic increase of viscosity at 140 F with field 
aging time is shown in Figure 4. 

The microductility change with field aging time was less consistent, possibly be­
cause of the complex properties that the ductility test measures and the existence of an 
optimum consistency for ductility. For four of the eight asphalts (1, 3, 4, and 7), the 
ductility at 77 F remained high or increased up to 30 months and could not be fitted 
with hyperbolic curves. Only two asphalts (7 and 8) showed a marked decrease in duc­
tility from the beginning of field aging anrl ~011l rl he fitted with hyperbolic curves. 

Chemical Properties-Changes in the percentage of asphaltenes With time of field 
service of recovered asphalts are given in Table 9. An increase In asphaltene content 
with aging or hardening is apparent. Although curve fittings were not as good as were 
those for rheological data, hyperbolic relations between an increase in asphaltenes 
and the time of field aging can be established. 

Chemical analysis by the Rostler-White method was made on recovered field-aged 
asphalts 1 to 4. No consistent trends could be found for the two so-called quality pa­
rameters, (N + A1)/(~ + P) and N/ P. 
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CORRELATIONS 

The value and usefulness of any laboratory durability test depend not only on how 
logical or realistic the acceleration process is in the laboratory as compared with what 
actually occurs in the field but also on how good the correlation is between laboratory 
and field data. One of the major efforts in this investigation was to establish a correla­
tion between hardening and other relevant property changes in asphalts in the developed 
IDT and changes in the same asphalts in the pavements in Iowa in terms of time­
equivalency curves or acceleration factors between aging in IDT in hours and aging in 
the pavement in months. With the correlation or calibration curves and the selected 
durability criteria, functional approach specifications of paving asphalt can then be 
established, and the durability of asphalts in pavement can be predicted in more rea­
sonably exact terms. 

Time-equivalency correlation curves were established for each asphalt and for all 
relevant properties. Correlation curves were drawn from the property-time curves 
for each asphalt for a certain property. The time in hours in IDT and the equivalent 
time in months in the pavement required for each asphalt to reach a certain value were 
determined from the property curves. Seven to fifteen points were taken from each 
set of property-time curves for each asphalt and each property. They were plotted on 
semilog-scale with log laboratory time (T1, hours) as ordinate and field service time 
(T,, months) as abscissa. Sample time-equivalency correlation curves are shown in 
Figure 6 for penetration. 

Because the majority of these curves were of hyperbolic nature, curve fittings for 
all time-equivalency data for all properties were attempted for all asphalts with the 
following model: 

where 

log T1 = TbT 
a+ r 

T1 = laboratory IDT time (in hours) to reach certain property value, 
Tr =equivalent field time (in months) to reach same value of same property 

for the same asphalt, and 
a and b = constants. 

In order for the time-equivalency curves to be useful, general correlation curves 
were established for each property by combining eight individual curves for that prop­
erty. General time-equivalency curves for penetration, softening point, viscosity at 
77 F, viscosity at 140 F, asphaltene content, and microductility are shown in Figure 7. 
Because each test determines a different asphalt property or behavior, the variation of 
these curves was to be expected. 

Because many other variables-type of aggregate and gradation, asphalt content, 
mixing temperature, compaction, traffic, and voids-also influence the rate of change 
of asphalts in pavements, the minor variations among curves of different asphalts for 
the same property criterion are to be expected. 

Because all pavements studied in this project were regular paving projects of the 
ISHC, materials and construction practices could be safely assumed to have met mini­
mum and acceptable standards. Effects resulting from variations in mixing tempera­
tures were not obvious, as discussed previously. Effects on hardening because of 
variation in asphalt content and film thickness were examined by correlating the average 
film thickness (6.2 to 9. 7 IJ) and viscosity and penetration of 42-month recovered as­
phalts. No relation was found. Thus, the only variable, in addition to differences 
among asphalts, that could affect the asphalt hardening rate was voids content. Rela­
tions between initial and final voids content and 42-month penetration and viscosity at 
77 F are shown in Figure 8. No relation was found between penetration and initial 
voids; some general trend could be detected between penetration and final voids (cor­
relation was not significant). Though correlations were not good, there was a linear 
relation between log viscosity and log void content (significant at 5 percent level for 



Figure 6. Typical 
penetration correlation 
curves. 

Figure 7. Time-
equ ivalency correlation 
curves for various 
properties. 

Figure 8. Log viscosity 
(log penetration) 
versus log void content 
of 42-month field 
asphalts. 
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both initial and final voids); i.e., there is a general indication of higher viscosity for 
asphalts recovered from higher voids pavements. 
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Possible differences resulting from voids content among pavements were accounted 
for by establishing equations for time-equivalency correlation curves by combining as­
phalts of different voids level (Fig. 9). The relative positions of the curves are of sig­
nificance; as pe1·centage of voids in the pavements increases, longer laboratory IDT time 
is required to reach equivalent field-service hardening. Regression 74, which was ob­
tained by combining all properties and all asphalts and which is a surprisingly good fit 
(linear correlation significant at 1 percent level), will be called the master time­
equivalency curve. For all practical purposes, the use of the master curve for all 
asphalts used in all acceptable construction procedw·es should provide reasonable cor­
relation and prediction for Iowa conditions. It is therefore recommended that, at least 
for a trial period, this curve be used for specification purposes by the IDT method. On 
the basis of the master curve, 46 hours of aging in IDT will result in hardening in as­
phalts equivalent to that attained after 60 months of service life in Iowa conditions. 

APPLICATION AND ENGINEERING IMPLICATIONS OF RESULTS 

It has been shown repeatedly tbat asphalts meeting the same present-day specifica­
tions can and do exhibit a considerable range and vaa·iety of behavior, as measured by 
a number of different parameters, in the field. It appears justifiable to state that, at 
the present time, standard test procedures and specifications provide no satisfactory 
means of determining whether or not asphalt will be durable. 

Based on results discussed in previous sections, and with the established time­
equivalency correlation curves, it is suggested that the IDT can be used to reasonably 
predict the changes and useful life of asphalt in Iowa pavements. If parameters, tests, 
and critical values of asphalts are properly selected, the results of this investigation 
can be applied to asphalt specification to ensure durable paving asphalts. 

Selection or establishment of durability criteria and critical values of critical prop­
erties are complex problems. Relative durability of asphalts studied in this project 
were evaluated by using several approaches. 

Limiting Values of Selected Properties 

Limiting values is based on the hypothesis, which was verified in this study, that 
changes in asphalt, both in the laboratory IDT and in the field-service aging, are a hyper­
bolic function of time in the form 

T 
flY =a+ bT 

When a and b are determined and initial property value Y0 is known, the ultimate value 
Yu can be calculated from the ultimate change 

l:l.Yt .... c:o = 1/b 

Based on this approach, larger ultimate change (or lowe1· ultimate penetration and 
higher ultimate viscosity and softening point) would be considered properties of less 
durable asphalts. 

Predicted Time to Harden to Certain Critical Values 
of Selected Properties 

Predicted time to critical value is also based on the hyperbolic time-property 
change curve model as in the preceding approach. But, instead of ultimate change or 
limiting value, the time it takes for a certain asphalt to harden to a critical value of a 
selected p1·operty is calculated from the predictive equation or from the time-property 
curve. Times for asphalts to harden to a critical penetration of 20, a critical softening 
point of 160 F, a critical viscosity at 77 F, and 0. 05 sec- 1 of 20 to 30 megapoises were 



Figure 9. Time-equivalency correlation curves by voids 
level. 
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Table 10. Comparison of durability rankings based on different criteria. 

Asphalt 

Criterion 

Penetration ratio 
r, 4 2 8 G s 7 3 
r, 4 7 0 8 3 I 2 

Aging index, 77 F 
r, 4 8 6 
r, 8 3 

Aging index, 140 F 
r, 5 7 6 
r, 4 u 5 

Limiting penetration 
r, 8 4 
r, 8 2 

Limiting viscosity, 77 F 
re 4 6 8 
r, 3 a 7 

Limiting softening point 
re 2 6 7 8 4 
r, 5 7 •1 2 8 

Time to 20 to 30 megapoiaes 
re 8 2 5 2 
r, 7 4 2 8 

Time to 20 penetration 
r, 7 5 2 
r, 4 8 I 

Time to 160-F softening point 
re 2 3 G 6 
r, 0 8 3 7 

Total ranking 
Re ·8 7 6 3 
R, 7 8 l 4 

tlr~1 - r., ! 
n 

2.8 

3.3 

1.5 

2.8 

1.5 

2. 1 

2.2 

2.2 

2.2 

1.5 
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calculated. Rankings of the eight asphalts (longer time to reach a critical value means 
a more durable asphalt) are given in Table 10. 

Penetration Ratio Versus Time Curves 

It has been established that log penetration ratio and log time of aging is linear. The 
slope of such plots, therefore, would be indicative of the relative rate of hardening of 
various asphalts with time. A small slope will indicate a more durable asphalt. Such 
an approach can also be applied to retained penetration data. 

Aging Index Versus Time Curve 

Aging index as defined by the ratio of viscosity of aged and original asphalt can be 
used as an index of the relative degree of hardening of asphalt. It has also been estab­
lished that the log aging index and the log time of aging are linear. The slope of such 
a plot can then be used to indicate the relative rate of hardening of asphalt with time. 
A small slope will imply a more durable asphalt. 

Rankings of the eight asphalts based on the preceding criteria are given in Table 10 
(r1 for laboratory-aged and rr for field-aged asphalts). It can be readily noted that 
rankings of asphalt durability by different criteria are not consistent, except for as­
phalt concrete 9, which ranked high by all criteria. The ultimate test in determining 
which of the criteria is most accurate and suited for Iowa conditions consists of con­
tinuing observation of the performance of the eight pavements. At this time, they are 
essentially all in good condition after 42 to 48 months of field service. 

The laboratory- and field-durability rankings of asphalts studied were compared ana 
the ability of various criteria to predict asphalt durability was evaluated to calculate 
the average laboratory- and field-durability ranking differences of the eight asphalts 
by each criterion. Based on this index, the aging index based on viscosity at 140 F and 
the limiting viscosity at 77 F seem to be most indicative of the relative aging of asphalt 
in the laboratory and the pavement. 

The overall durability rankings of all asphalts by all criteria were calculated by 
totaling all nine rankings for each asphalt for both laboratory-aged and field-aged as­
phalts and ranked as given in Table 10. The average laboratory and field ranking dif­
ference was 1.5, which seems to indicate that the IDT can be used to evaluate and pre­
dict pavement performance of asphalts with reasonable accuracy. 

Control of durability in terms of IDT can be established by incorporating in paving 
asphalt cement specifications the following standards: a maximum of 20 megapoises 
in viscosity at 77 F or a minimum penetration of 20 for residue from 46 hours of IDT 
or both. 

CONCLUSIONS 

The following conclusions are based on test data : 

1. A laboratory durability method for simulating the weathering of paving asphalts 
during mixing and pavement service life has been developed and is being correlated 
with field performance under Iowa conditions. 

2. The aging process of paving asphalts follows a hyperbolic function of time both 
in the field and in the developed IDT laboratory conditions, but at different rates. 

3. Good correlations between field service aging in Iowa and laboratory aging during 
IDT have been obtained. The master time-equivalency curve between IDT in hours and 
pavement service life in months, established by combining all asphalts (void levels) 
and properties, indicates that 46 hours in IDT will age asphalts to the equivalent of 60 
months in Iowa pavements. Correlation curves for different properties and different 
levels of pavement voids were also obtained. 

4. A tentative specification for paving asphalt, including durability requirements 
based on IDT, is recommended in lieu of current TFOT. 
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