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THE PHYSICAL AND CHEMICAL PROPERTIES 
OF PETROLEUM ASPHALTS OF THE 
50-60 AND 85-100 PENETRATION 

GRADES 
BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 

Reported by R. H. LEWIS, Chemist, and J. Y. WELBORN, Junior Highway Engineer 

OR MANY YEARS semisolid asphalts used in the 
| Fe acaaieen of the higher type bituminous pave- 

ments were produced from relatively few base 
petroleums by refining processes that were practically 
standard. More recently new sources of crude petro- 
leums have been used and various refining methods, 
some of which were designed primarily to increase the 
yield of distillates, have been developed. Standard 
specifications that were thought to control adequately 
the quality and serviceability of these earlier asphaltic 
cements have been subjected to considerable question- 
ing since the advent of these materials produced from 
different base petroleums and with newer refining 
processes. As a result, there have been changes in 
specification requirements by the resurrection of old 
tests, or the development of new tests, in an effort to 
obtain more satisfactory and more durable materials. 

In the United States there have been three major 
specifications for asphalt cements around which the 
various State highway departments have developed 
their test requirements for this type of bituminous 
material. These are as follows: 

1. Federal Specifications. These are specifications 
that have been adopted by the Federal Specifications 
Executive Committee for use by the various agencies 
of the Federal Government. 

2. A.S.T.M. Specifications. These are specifica- 
tions that were adopted as tentative some years ago by 
the American Society for Testing Materials but have 
recently been withdrawn. 

3. A. A.S.H.O. Specifications. These are specifi- 
cations that have been adopted by the American Asso- 
ciation of State Highway Officials. 

REQUIREMENTS OF VARIOUS SPECIFICATIONS COMPARED 

The specifications for the various grades of asphalt 
cement in general use in road construction, as proposed 
or adopted by the above agencies, are given in table 1. 
This table includes requirements for the physical and 
chemical properties of the 40-50, 50-60, 60~70, 85-100, 
100-120, and 120-150 penetration grades, together with 
their designations and the use for which they are in- 
tended. In addition to the above grades, the Ameri- 
can Society for Testing Materials has had tentative spe- 
cifications for 25-30 and 30-40 penetration asphalts, 
but these specifications have been omitted from table 1 
since they are seldom used in road construction. The 
specification for the 30-40 penetration grade adopted 
by the American Association of State Highway Offi- 
cials has likewise been omitted and for the same reason. 

As shown by the last number in the grade designa- 
tion, the Federal specification was initially adopted in 
1925, and, after a change in the form but not in test 

1 Paper presented at the meeting of the Association of Asphalt Paving Technolo- 
ists, Chicago, Ill., January 30-31, 1940. 
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requirements, was approved for promulgation in 1931. 
The A. S. T. M. specifications for 40-50, 50-60, and 
60-70 penetration grades were first issued as tentative 
specifications in 1921 and were revised in 1922, 1923, and 
1926. Specifications for the 85-100 and 100-120 
erades were issued as tentative in 1921 and revised in 
1922, 1923, and 1924, while that for the 120-150 grade 
was issued in 1922 and revised in 1923. The designa- 
tions, as given in table 1, show the date ot final revision 
for each grade followed by the letter T, to indicate a 
tentative standard. The term “tentative,” as stated 
by the A. S. T. M., applies to a proposed standard 
published for 1 or more years with a view of eliciting 
criticism before it is formally adopted as standard by 
the Society. It is significant to note that some of 
these A. S. T. M. specifications remained as tentative 
standards for 16 years after their last revision. 

Because of inability to obtain the adoption of these 
tentative specifications, they were withdrawn as tenta- 
tive at the 1939 meeting of the A. S. T. M. The 
society at the present time has, therefore, no specifica- 
tions for asphalt cements for use in road construction. 
A. A. S. H. O. specification M-20 was adopted in 1924 
and revised in 1926. It is the policy of this association 
to adopt where possible the existing standards of the 
A.S. T. M. and the provisions of M—20 vary but shghtly 
from those of the tentative standards of the A. S. T. M. 

The specifications from these three sources contain 
general requirements that apply to the various grades 
as a whole. The Federal specification requires that 
the asphalts shall be prepared by the distillation of 
asphaltic petroleums. The A. A. 8S. H. O. specification 
states that theasphalts shall be prepared from petroleum 
while the A. S. T. M. specifications simply declare that 
the asphalt cement shall meet certain test require- 
ments. All specifications require that the asphalt 
shall be homogeneous and free from water, and the 
Federal and A. A. S. H. O. specifications contain a 
requirement that the asphalt shall not foam when heated 
ton (Se Gol(34 7°): 

The Federal specification stipulates that only those 
asphalts that have been demonstrated by service tests 
as satisfactory for the intended use will be accepted. 
This specification also regulates the uniformity of sup- 
ply of the asphalt for any given contract by controlling 
the specific gravity and softening point within certain 
limits. The A S. H. O. specification states that 
the exact penetration grade to be used depends on the 
type of road, climatic conditions, and the kind and 
nature of the traffic; while the Federal and A. S. T. M. 
specifications recommend certain types of construction 
for each particular grade. The Federal specification 
also indicates the climatic conditions and amount of 
traffic for which each penetration grade is especially 
suited. 

I 
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TaBLE 1.—Summary of specifications for petroleum asphalt cements used in road construction 

Physical and chemical properties 

. Pene- C8&: solubility 

Pene- Specific Pene- D Tee pss” Bitu- 
Specification Designation | tration Intended use gravity tration Softee er tin MULeSHAt residue men 

grade at |F ee pete ing per |325°F.,| asa | Bitu- |Organic 
Ae p a point | min- |5hours|percent-| men | matter in 

F. 77° BP ute, at age of sol- in- CCl 
. Tene origi- | uble | soluble 2 

nal 

or. OTe Cm. | Percent | Percent | Percent | Percent | Percent 
Federal. 2eeeseee== AP-1-25 !_____ 120-150 | Bituminous macadam, northern United | 1.000+] 347-++|120-150 | 95-131 |________ 1.0—| 60.0+] 99.5+] 0,2—/__------ 

States, comparatively light traffic. 
AY. BUD SM eee ee D135-23' 4 21120-1509), Asphaltemaca dam == es Sees eee ee | baa eee 347-+-|120-150 |__..___- 30+| 2.0—} 60.0+] (@)  |__-_---- 99. 0+ 
A MAM De Ones N20 228 ae ee 120-150 eee on type of road, climate, and |_____--- 847-++|120-150 |______-_ 30+ 1.0—} 60.0+] 99.5+)________ 99. 0+ 
ye traffic. 
Wederal hoe ee As AP-2-25 1_____]100-120 | Bituminous macadam, middle United | 1.000+] 347-++|100-120 | 95-131 |________ 1.0—] 60.0-+} 99.5+ 12" Sa 

States or northern United States, 
comparatively heavy traffic. 

Aes DV 2 a 103-247 22 21100-1200) | Asphalt: macadam=22 92) ee Sasee arn | eee 347-+]100-120 |________ 30+! 2.0—| 60.0+]} () j___-_-_-- 99. 0-+ 
(AER StU ee 20a ease 100-120 pepents on type of road, climate, and |______-_ 347--|100-120 |_______- 30+) 1.0—| 60.0+] 99.5+]______-- 99.0+ 

traffic. 
Pederalese sae A P-3-25 1_____] 85-100 aes macadam, southern United | 1.000+| 3847+] 85-100 |104~-140 |_______- 1.0—| 60.0+] 99.5+ Q(t oe 

tates. 
AL SS VE eee D102-24T 2____] 85-100 | Asphalt macadam---_-_--- =on2+-==-------=|--=----- 347+] 85-100 |_______- 30+ 2.0—| 60.0+ Qe 99.0+ 
ING INNES 3 KO eS IVIi=20 Soe Se 85-100 Devends on type of road, climate, and |-_______ 347+] 85-100 |______-- 30+} 1.0—] 60.0+] 99.5-+}_______- 99. 0-+ 

traffic. 
Hederalees esse AP-5-25 t_____ 60-70 | Graded bituminous concrete, northern | 1.010+] 347+] 60-70 |104-140 40+} 1.0—| 60.0+] 99.5+ 2 eee 

United States, light or moderate 
traffic. ; 

JAAS Wa) ies Ss D101-26T 2____| 60-70 | Sheet asphalt, asphaltic concrete, as- |_____--- 347+] 60-70 |______-- 30+] 2.0—} 60.0+|) (8) |_------- 99. 0+ 
phalt macadam. f 

ACA SiO: ose MV 20) seen 60-70 pepeue on type of road, climate, and |_______- 347+] 60-70 |_____-- 30+} 1.0—| 60.0+] 99.5+]_______- 99. 0-++ 
traffic. 

Mederoloc--.- ee AP-6-251_._._| 50-60 | Graded bituminous concrete, southern | 1.010+| 347-++] 50-60 |104-140 40+} 1.0—| 60.0+] 99.5+ <2) 2 eee 
United States or northern United 
States, heavy traffic. Sheet asphalt, 
northern United States, light or mod- 
erate traffic. . 

ASS ee Mice 2 oe ee D100-26T 2.___| 50-60 | Sheet asphalt, asphaltic concrete_____-__|_-_--_-- 347+] 50-60 |________ 30+; 2.0—| 60.0+/ (©) jJ___----- 99.0-+ 
FATAL Sule, © oaeae IVE=O0 4 se ees 50-60 Depends on type of road, climate, and |________ BY We 10 en 30+) 1.0—] 60.0+] 99.5-+}____-__- 99.0+ 

traffic. 
Mederale-- == seers AP-7-25 1_____ 40-50 | Sheet asphalt, southern United States | 1.010+| 347-++!| 40-50 |113-149 40+] 1.0—] 60.0+) 99.5+ 20 =|, eee 

or northern United States, heavy traffic. 
SPR SY eee D99-26T 2_____ 40-50 | Sheet asphalt, asphaltic concrete________|________ 347-+-| 40-50 |________ 30+} 2.0—| 60.0+] (8) |__-.---- 99.0-+ 
AM AGIA. eu O_. SS i=20 tee 40-50 Depends on type of road, climate, and |________ 347+] 40-50 |_______- 30+] 1.0—| 60.0+} 99.5+]___.._- 99. 0+ 

traffic. 

1 Special requirements: 
O-1. The materials supplied under this specification shall be asphalts prepared by the distillation of asphaltic petroleum. 
C-2. Those materials only, which have been demonstrated by service tests as satisfactory for the intended use, will be acceptable under this specification. 
D-1. The asphalt shall be homogeneous, free from water, and shall not foam when heated to 175° C. (347° F.). 
E-2, Uniformity. The material furnished under this specification for a given contract, type, and grade shall be uniform in character and shall not vary more than 

10° C. (18° F.) in softening point from the test limits specified, nor more than 0.02 in specific gravity. 
2 The asphalt shall be homogeneous and free from water. 
3 When less than 99.0 percent of the asphalt cement is soluble in carbon tetrachloride, the percentage of bitumen (soluble in carbon disulfide) shall be reported. 
4 Specification M-20 was adopted in 1924, revised in 1926. The asphalt shall be prepared from petroleum. ‘The asphalt shall be homogeneous, free from water, and shall 

not foam when heated to 175° C. (347° F.). 

ASPHALTS TESTED REPRESENTATIVE OF THOSE IN GENERAL USE 

As shown in table 1, the physical and chemical 
requirements of the A.S.T.M. and A.A.S.H.O. 
specifications are the same except for the maximum 
limit of loss at 325° F. and the determination of bitumen 
soluble in carbon disulphide. In contrast to the A. S. 
T.M. and A. A.S.H.O. specifications, the Federal 
specification contains additional requirements for spe- 
cific gravity, softening point, and organic matter insol- 
uble in carbon disulphide, but it does not require that 
the solubility in carbon tetrachloride be determined. 
In the Federal specification the limits for the flash 
point and the consistency of the residue from the oven- 
loss test are the same as the A.S.T. M. and A. A.S. H.O. 
specifications, and the requirements for the percentage 
of lossat 325° F. and the percentage of bitumen soluble in 
carbon disulphide are the same as the A. A.S. H. O. 
specification. The Federal specification does not 
require a ductility test on those asphalt cements softer 
than the 60-70 penetration grade; and for the other 
erades, the ductility must be more than 40 centimeters 
as compared to the minimum requirement of 30 centi- 
meters for the A. S. T. M. and A. A. S. H. O. 
specifications. 

In order to determine how the asphalts being pro- 
duced today would meet these major standard specifi- 

cations, as well as other test requirements that have 
been used by other agencies for the control of this type 
of bituminous material, the Public Roads Administra- 
tion requested the leading producers in the United 
States to submit samples of their materials correspond- 
ing to the various grades of the Federal specifications. 
In response to this request 30 producers submitted 42 
sets of petroleum asphalt cements, of which all except 
one represented two or more of the penetration grades 
covered by the Federal specification. Several produc- 
ers furnished two or more sets of asphalts differing as to 
the source of the base petroleum or in the method of 
refining. In all, 245 samples of petroleum asphalt were 
received, distributed among the various penetration 
grades as indicated in table 2. 

Obviously it would take considerable time to make a 
detailed study of all the samples submitted. There- 
fore, as the asphalt cements of 50-60 and 85-100 pene- 
tration are used more generally than the other grades, 
and, as shown in table 2, most of the producers sub- 
mitted these two grades, it was decided to confine this 
study more particularly to the asphalts of these grades. 
Twenty-seven producers furnished 39 samples of 50-60 
asphalt and 28 producers furnished 40 samples of 85-100 
penetration asphalt. There were two sets of asphalt 
samples that did not have material of either the 50-60 
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or 85-100 penetration grade. One of these was an 
asphalt from a southern California field containing a 
base petroleum not duplicated by any product received, 
and the other, an asphalt from an Oklahoma field which 
was duplicated in this investigation by materials of a 
similar type. The producer of the California asphalt 
submitted samples representing only the 40-50, 60-70, 
and 100-120 grades and the other producer did not 
manufacture asphalt cements harder than the 150-180 
penetration grade. 

TaBLE 2.—Classification of samples received from various 

producers 

Total num- 
Federal specification designation eles ber of ee 7 

on grade samples represente 

180-200 1 1 
150-180 2 2 
120-150 30 24 
100-120 33 22 
85-100 40 28 
70-80 4 3 
60-70 33 25 
50-60 39 27 
40-50 34 25 
30-40 28 20 
20-30 il if 

The source of the base petroleum and the method of 
refining the 50-60 and 85-100 penetration asphalt ce- 
ments studied in this investigation, together with their 
laboratory identification and producer identification 
numbers, are shown in table 3. The samples of the 
50-60 and 85-100 penetration asphalt of each set were 
produced from the same base petroleum and by the 
same method of refining, and they were given the same 
identification number. Throughout this report, these 
numbers, together with the designated penetration 
grade, will be used as the identification of the various 
asphalt cements. 

The producers’ identification numbers with the added 
letters A, B, or C indicate that the same producer 
submitted more than one set of asphalt cements which 
differ either as to the source of the base petroleum, 
the location of the refinery, or the method of refining. 
Producer 6 submitted samples 6, 12, and 17, represent- 
ing asphalt cements refined from Colombian, Mexican, 
and Venezuelan petroleums, and these have been given 
the producers’ identification numbers 6A, 6B, and 6C, 
respectively. Producer 7 submitted asphalts refined 
from Mexican and Venezuelan petroleums, while 
producers 13 and 24 each submitted two asphalts pre- 
pared from the same base petroleum by different refin- 
ing processes. Although table 3 does not indicate any 
difference in the base petroleum or refining of samples 
24, 25, and 26 submitted by producer 19, and samples 
27 and 28 submitted by producer 20, the test results 
indicate differences that may be due to variations in 
processing. Samples 35 and 36 submitted by producer 
25 were from different refineries. Samples 37 and 38 
submitted by producer 26 were from the same base 
petroleum, but were prepared at different refineries. 

ASPHALTS MET REQUIREMENTS OF A.A.S.H.O. AND A.S.T.M. 
: SPECIFICATIONS 

For all asphalts, except where noted, information as 
to the source of the base petroleum was furnished by 
the producers submitting the samples. The source of 
the base petroleum used in samples 27 and 28 was 
determined from a consideration of the producer and 
interpretation of the test data. The producer of sam- 
ples 35 and 36 is known to refine crude petroleum from 
several sources; and whether these samples are products 
from one petroleum or blends cannot be ascertained 
readily from the test data only. 

The principal petroleum fields that furnish the crudes 
for the production of asphalt cements used in the United 

TABLE 3.—Source and method of refining asphalt cements 

Identifi- | Producer ' 
cation | identifi- Source of base petroleum Method of refining 
No. cation 

1 1 Califormias!© oslinga field 22: 22 teno-. -oe—s eaeee eee een ee eae Vacuum distillation. == 
74 2 Californias san Ooaquinav alley fold sss ss asa me cm ey ee eee Reduction and steam distillation. 
3 3 0. 
4 4 Steam distillation in continuous tube still. 
5 5 Vacuum distillation. 
6 6- Vacuum distillation with pipe still. 
ia 7- Straight steam distillation. 
8 8 
9 9 Steam distillation in Trumble (pipe) still. 

10 
1 Vacuum distil!ation in pipe still. 
12 Do. 
13 _| Fire and steam distillation. ; 
14 Venezuela, Mene Grande field - ---| Continuous distillation under sub-atmospheric pressure with steam. 
15 13-By|foe 2 6 Oo ee en ere ee ee Se BE A ee A ee pe eens Distilled in batch stills at atmospheric pressure with steam. 
16 fa DulmVenezUGla geo ee ote Ye Bed 2 he ee ee ee Straight steam distillation. 
17 6=ORlL2 A eee eee nt a eS Ee a ee ee ee oe, Vacuum distillation in pipe still. 
18 Mee pliceeas CORE, ee et ae ee LY Sea aoe eee ae een ae Steam distillation. 
19 15 ATICANSAS. SIMACKOVEL HOI Ss] a2-. 2 cee en ane een ee ee Vacuum distillation at a low temperature. 
20 16-A |_____ (PY seh St PA lt em NY ee Shee hon oe Sah eG Te Lies ae Vacuum distillation, 89 m. p. flux. 
21 16-Bs\ 2 CL Ch elec et es ne ee Ts ee ee ee ee Vacuum distillation, 101 m. p. flux. 
22 17 FATIKAUSHS UNO V AGG OGUNEY saints ae noe ee ee eee ee ee ee Pipe still distillation unit and vacuum bubble tower, 
23 18 Oklahoma, Cement and Walters field. ---.-----------_-_-_-___-_____- ee ak eee. , : ; 
24 1o—AgimOklahoma 22-2545 eee NEEL Sie aes en eS Oe ete ee Vacuum distillation in pipe still, partially oxidized. 
25 19 ie hos ee ee ee eee ee eee eee Do. 
26 19-G es {1 eee ered TES Ee ete Es a ee ee eee Do. 
27 20= Als] 5028 = £0 Cah a re SI Ie en A ee ei et eR Se AE ere ee, ee a 
28 20-B: |.-=-- Ce ea Ber ee Te gs ns eee ee ee Se 
29 21 Oklahoma, Healdton and Graham. .-....-.---..---.------------------ ; aoe ; 
30 22 Kentuck yaand, Dlinois? Shee. sees ee eee nen en eee eae oe aeons Fire and steam distillation, possibly blown. ; 
31 23 Mexican-duo-sol-residuum from Oklahoma crude _| Steam distillation and air conversion in batch shell stills. 
32 24-A | Kansas Straight run, steam refined, vacuum process. 
33 24-B |____. do -| Produced from Winkler-Koch Shell still. 
34 25-A | Wyoming _| Fire and steam distillation. 
35 25-B | Unknown Do. 
36 25-Geln she do Do. 
37 26-A | Mexico and Domestic Gulf Coast 
38 26-B | do 
39 27 Texas, Westbrook field ¥ 
40 28 Ori bit Ck Veer eee ne ee tS eee eae Dubbs cracking process. 

1 Source assumed because of the producer and from the interpretation of test results. 
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States are listed in table4. As shown in table 8, all of 
these sources are represented in this investigation by 
one or more asphalts, with the exception of the Lima, 
Ind., the southern California, and the Trinidad fields. 
Petroleums from the Illinois and gulf-coastal fields are 
present in blends; the Illinois petroleum has been pro- 
cessed with Kentucky petroleum and _ gulf-coastal 
petroleum with Mexican. 

The laboratory study of these selected asphalt 
cements included tests to show their conformity to 
the Federal, A. S. T. M., and A. A. S. H. O. specifica- 
tions. Other tests that have been used, or are now 
used by various States and municipalities as specifica- 
tion requirements, have also been made. Additional 
tests which, although not usually made as control tests 
for asphalt cements, might develop information of 
value relative to their physical and chemical properties, 
were also made. 

Where the test methods employed in this investiga- 
tion have not been standardized, the essential details 
will be described. The A. S. T. M. and A. A. S. H. O. 
designations of the usual methods of test are given in 
table 5. 

TABLE 4.—Principal petroleum fields supplying asphalt cements to 
the United States ! 

Country Name of field Area included Type of oil 

Appalachian --__-_- New York, Pennsylvania, | Nonasphaltic. 
West Virginia, eastern 
Ohio, Kentucky, Tennes- 
see. 

gina, inde eae Michigan, northwestern Do. 
Ohio, Indiana. 

Binoisse-2ee eee Southeastern Ilinois__...____]| Semiasphaltic. 
Midcontinent__-_- Kansas; Oklahoma; north- eT aA 

ern, western, and central || Le es halti 
United States___ Texas; northern Louisi- N, Cs nT iti ee 

ana; southern Arkansas. wonekaseh ae 
Gulf-coastal__ -| Coast of Texas and Louisiana] Asphaltic. 
Rocky Mountain_| Colorado, W yoming, Mon- Do. 

tana, Utah, and New Semiasphaltic. 
Mexico. Nonasphaltic. 

Northern Califor- | San Joaquin Valley_._.-__--- Asphaltie. 
nla. 

Southern Califor- | Los Angeles Basin and Do. 
nia. coastal. 

Tampico-Tuxpan— Ora Vera yo (inelud- Do. 
week ing anuco), southern 

Mexico. ... ..._- Tamaulipas. 
Tehuantepec. _--- From southern Vera Cruz to Do. 

eastern limit of Tabasco. 
Venezuela______| Laqunillas, La | Along eastern shore of Lake Do. 

Rosa, Mene Maracaibo. 
Grande. 

Colombia. .-.____| De Barco-_-..__---- Region of Barranca-Bermeja_ Do. 
eTInidAd eee rinidads.s--eeeee Southern portion of island_- Do. 

1 Data taken from Asphalts and Allied Substances, by Abraham, 4th edition. 

TABLE 5.—Test methods used in the asphalt cement investigations 

Test Method of test 

Speciiic eravitwes-- eo ee ee A,S8.T.M. D 70-27. 
LECH ag oleh al epeewe @ et Ue) Te be cee ae A.S.T.M. D 92-33, 
Penetrationes=5-52 sat) A See ae A.S.T.M, D 5-25. 
Softening point eee. eee Scok Te ee A.8.T. M, D 36-26. 
DUC ty See Oe ee ek A.8.T. M. D 1138-35. 
Lossion heating’ 5052s ee A.S.T. M. D 6-33. 
Penetration of residue______...-__---- A.S.T.M. D 5-25. 
Saybolt Furol viscosity_.._......---- A.8.T.M. D 88-36. 
Hlost: Lestae. os tee as eee oe ee A.8.T. M. D 1389-27. 
Bitumen soluble in CS3_.___________- A.8.T. M. D 427. 
Bitumen soluble in CClg_____-__---_- A.S.T. M. D 165-27. 
Wixod! carbons sueere. oan eee eee A.S.T.M. D 168-30. 
Sulphur; 2ioe ee eee A.8.T. M. D 129-34. 
Insoluble in 86° B. naphtha______-_-- A, A.S. H. O. T-46-35. 
Tusolubie imathens sees Do. 
Oliensis teat=: = = he sa ee | ASA So Ole = 102=38- 
Film. testes ee eee Kansas Highway Commission. 
Toughness test 2 pam een ee ae oe. New York Department of Highways. 

The results of the physical and chemical tests that 
show the conformity of the 50-60 and 85-100 penetra- 

tion asphalts to the Federal, A.S.T.M., and A. A. - 
S. H.O. specifications are given in tables 6 and 7. 
Excluding the slight lack of compliance in the pene- 
tration values, the results that fail to meet the govern- 
ing specification requirement have been indicated. 
Seven of the asphalts of the 50-60 grade and six of the 
85-100 grade did not meet one or more of the test 
requirements of the Federal specification. One of 
each grade did not meet all the test requirements speci- 
fied by the A.A.S.H.O. One 50-60 penetration 
asphalt did not meet the requirements of the tentative 
A.S.T.M. specifications. In all other particulars, 
these materials were in substantial compliance with 
the specifications of these agencies. 

Graphical presentations of the data tabulated in 
tables 6 and 7 are shown in figures 1 and 2. These 
figures show the range of each specification requirement 
‘and the range and average of the corresponding test 
values. For convenience, minimum, maximum, and 
average values for the laboratory tests showing con- 
formity to the requirements of the Federal, A.S. T. M. 
and A. A. S. H. O. specifications have been summarized 
in table 8. 

Since the specific gravity of an asphalt is largely 
dependent on the source of the base petroleum used in 
its manufacture, the average test value, because of the 
many sources represented, is of little significance. The 
specific gravities of the asphalts from the midcontinent 
fields differ widely; but the materials in this investiga- 
tion which had the lowest specific gravities were from 
this area. Sample 30 prepared from Illinois and Ken- 
tucky petroleums also had a low gravity. The specific 
gravity of the Colombian asphalt, sample 6, also was 
low. Following, in order of increasing density as a 
group, were the California, Arkansas, Venezuelan, and 
Mexican asphalts. The materials from Texas and Wyo- 
ming also had a relatively high gravity. Samples 23, 
33, and 40 were asphalts produced by cracking processes 
and their specific gravities were also high. The mini- 
mum requirement for specific gravity as provided for 
in the Federal specification would prevent the accept- 
ance of four materials of both the 50-60 and 85-100 
penetration grades. 

The flash point requirement is used in specifications 
to enable the user to judge the fire hazard attached to 
the use of the asphaltic material under particular con- 
ditions of heating and applying. For the grade of 
asphalt cements under investigation, the minimum re- 
quirement is approximately 100° F. below the lowest 
flash point of any 50-60 or 85-100 penetration material 
and over 200° F. below the average test value for each 
grade. The factor of safety is, therefore, well above 
that required by the specifications. 

ONLY TWO SAMPLES FAILED TO MEET DUCTILITY REQUIREMENTS 

While a few samples had penetrations slightly higher 
or lower than the ranges specified for the two grades, 
the average test value for both the 50-60 and 85-100 
penetration asphalts was approximately in the middle 
of the specified limits. It is believed that a satisfactory 
comparison of the other test characteristics of these 
asphalts can be made even though some of them failed 
to meet absolutely the penetration requirements of their 
particular grade. 

The limits for softening point, as provided by the 
Federal specification, are from 104° F. to 140° F., ora 
range of 36° for both the 50-60 and 85-100 crades. 
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Ficgurm 1.—SprmciFicaATIONS AND Trst Data FoR THE 50-60 
PENETRATION ASPHALTS, SHOWING THE RANGE OF EACH 
SPECIFICATION REQUIREMENT AND THE RANGE AND AVERAGE 
FOR CORRESPONDING LABORATORY TESTS. 

The softening points of the 50-60 asphalts varied from 
118° to 137° F., a range of 19°; and the 85-100 asphalts 
varied from 111° to 123° F., a range of 12°. Eighteen 
85-100 penetration asphalts and eight 50-60 penetra- 
tion asphalts had softening points ranging from 118° 
to 123° F., inclusive. The average test value for each 
grade was approximately in the middle of the test range. 
While the softening point of an asphalt is dependent on 
the source of the base petroleum and the processing, 
the specification limits for the particular grade are far 
wider than necessary to permit the asphalts of this inves- 
tigation to meet the Federal specification requirement. 

The minimum ductility requirements of 40 centi- 
meters for the Federal specification and 30 centimeters 
for the specifications of the A.S. T. M. and A. A.S. H. O. 
are very low as compared to the values obtained on 
the majority of asphalts tested. There were only two 
materials, samples 20 and 33 of the 50-60 grade, that 
failed to meet the requirement of the Federal specifica- 
tion. Sample 33 also did not meet the ductility require- 
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FicurRE 2.—SpEcIFICATIONS AND TrEst Data FOR THE 85-100 
PENETRATION ASPHALTS, SHOWING THE RANGE OF EACH 
SpEcIFICATION REQUIREMENT AND THE RANGE AND AVERAGE 
FOR CORRESPONDING LABORATORY TESTS. 

ment of 30 centimeters of the other two specifications. 
Sample 31, 50-60 grade, had a ductility very close to the 
minimum requirement of the Federal specification. 
Including these three samples, there were only eight 
samples of the 50-60 grade and none of the 85-100 
grade that did not have a ductility greater than 100 
centimeters. 

Although the ductility machine used in the Public 
Roads Administration laboratory can measure a pull 
of 250 centimeters, there were many asphalts that 
failed to break in this distance; and these results have 
been reported as 250 centimeters plus. In calculating 
the average test values, the ductilities of 250 centi- 
meters plus were taken as 250 centimeters. The 
average test values for the 50-60 and 85-100 penetra- 
tion asphalts were 176 and 180 centimeters, respectively, 
which indicate that the ductility of the bulk of the 
asphalt produced is far greater than the specifications 
require. 

Sample 40 was the only asphalt of either the 50-60 
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TABLE 6.—Resulis of laboratory tests on 50-60 penetration asphalts, showing conformity to present spectfications 

= Penetra- CS: solubility 
sson | tion of 

Specific eal _ |Duetility| heating | residue Situmen 
Identification Ni Producer | gravity Flash 77° F Softening | at 77° F.,| at 325° |compared : ._| soluble 

AAEM aiTen elec number at point | yoo ¢m’,| Point |5cem.per| F., 60 | to pene- | pitymen| Organic |Inorganic| in Goj, 
77°/77° F. Pace minute | gm.,5 | tration |“Sojabie |,™atter | matter 

Sec. hours before insoluble | insoluble 
heating 

oF, ae, Cm. Percent | Percent | Percent | Percent | Percent | Percent 
Federal specification. « ss. s- satan nee ee ee eee sees 1.010-+ 347+ 50-60 104-140 40+- 1. 0— 60. 0+ 99. 0.2—|.--.- i eee 
A: BAT. MUspeoiticationst 2 a. sere ee 225 2 eae eee 347+ 50-60" |- 2. es 30+ 2.0— 6030--|2e5-22 = | peee ee eee 99. 0-+-+ 
A. AgS8. AHO asnecification= 2a. sesso se os |-a ea eee 347-+-+ 50-60 MIL Sa Saas 30+ 10— 60. 0+ 99: 6-[5] oe U2. |e ee ees 99. 0+ 

1 1,021 540 57 119 250+ 0.13 84 99. 88 0.03 0.09 100. 00 
2 1.013 580 61 118 250+ - 05 82 99. 86 . 06 - 08 99. 96 
3 1.013 580 61 118 250+ -05 82 99. 87 -05 . 08 100. 00 
4 1.016 555 60 118 250+ . 06 83 99. 83 . 06 oa 99. 96 
5 1,016 585 58 120 250-++ .07 79 99. 86 .05 .09 99. 98 
6-A 1,011 630 52 126 250-++ . 06 88 99. 87 -05 . 08 99. 98 
7-A 1.041 535 58 132 197 .07 84 99. 93 . 04 - 03 100. 00: 
8 1, 043 550 56 130 68 11 82 99. 87 . 08 - 05 99. 98 
9 1.040 545 53 132 218 . 08 87 99. 89 . 06 . 05 100. 00 

16 1, 047 535 56 131 215 12 80 99. 89 - 08 . 03 100. 00 
il 1,045 540 54 122 180 Aub &1 99. 87 . 06 . 07 99. 96 
6-B 1. 041 550 55 132 250+ . 06 84 99. 91 . 04 . 05 100. 00 

12 1. 034 535 51 12 140 eal! 86 99. 92 . 08 - 00 100. 00 
13-A 1,025 600 52 126 250+ +. 01 88 99. 90 . 09 01 99. 99 
13-B 1, 035 545 52 126 181 . 02 90 99. 75 .14 pela 100. 00 
7-B 1. 033 560 48 132 57 03 85 99. 85 . 08 707 * 99. 96 
6-C 1, 024 600 48 128 250-+ . 02 90 99. 89 - 08 . 03 100. 00 

14 1. 030 595 51 129 250+ 05 90 99. 92 - 06 .02 100. 00: 
15 1. 025 680 57 125 220 . 00 86 99. 83 . 04 «13 99. 98 
16-A 1.017 520 58 137 136 12 91 99. 84 . 08 . 08 100. 00 
16-B 1, 021 635 57 130 232 . 02 88 99. 83 nOu .10 99. 97 
ily Ione 585 67 137 96 . 04 84 99. 81 06 13 99. 99 
18 1. 042 550 60 120 202 . 10 70 99, 72 . 08 . 20 99. 94 
19-A PE AOOS S| eee eee 54 131 84 . 04 89 99. 61 .18 APH “99. 97 
19-B 1.995 645 58 127 116 .07 84 99. 67 od) 23 99. 87 
19-C 1.017 520 53 129 78 .09 83 99. 69 15 LG 99. 98 
20-A 11,002 635 49 131 226 .03 88 99. 83 . 06 wad 99, 92 
20-B 1.021 525 58 126 244 .12 78 99. 63 1,21 .16 99. 97 
22 11,008 620 48 131 170 93 94 99. 79 -10 sali 100. 00 
23 1.027 495 59 133 41 . 08 &6 99. 91 . 05 . 04 99. 95 
24-A 1.015 675 49 128 159 05 99 99. 69 . 14 ily 99. 97 
24-B 1, 037 600 46 127 127 . 04 87 199. 37 1, 48 15 99. 77 
25-A 1. 039 555 58 128 112 05 79 99. 94 . 04 . 02 99. $8 
25-B 1,014 650 57 123 219 - 06 91 99. 53 . 04 . 43 99. 99 
25-C 1.011 655 55 125 190 - 07 91 99. 66 - 05 -29 100. 00 
26-A 1. 020 525 52 132 137 . 06 85 99. 83 . 08 . 09 99. 96 
26-B 1.014 520 55 132 120 . 08 84 99. 81 12 are 100. 00 
27 1, 040 620 47 129 121 . 05 94 99. 72 14 .14 99. 99 
28 1. 053 440 50 123 250+ 48 74 99. 80 sikh .10 99. 78 

1 Material fails to conform. 

TaBLE 7.—Results of laboratory tests on 85-100 penetration asphalts, showing conformity to present specifications 

Penetra- CS: solubility 
Pancias Losson | tionof |___ a 

Specific tow At Ductility | heating | residue * Bitumen 
Identification No Producer| gravity Flash 77° BR Softening | at 77° F.,| at 325° |compared bid soluble 

‘ number at point fo ent point |5cm.per| F.,50 | to pene- Bitumen Organic | Inorganic in CCl 
77°/77° F. 5 S m4 minute | gm.,5 | tration |“coimble |..™matter | matter 4 

: hours before insoluble | insoluble 
heating 

: : we oF, Cm. Percent | Percent | Percent | Percent | Percent | Percent 
Hederal'specification=: 20-5. es ee | eee 1.000+ 847+| 85-100 | 104-140 |__________ 1,0-— 60. 0+ 99. 5-++ 0,2). 2 See 
A. \8.T. (Mi. specification: 222 52 225s iene ene ee eee BEYEG sO) eee 30+ 2.0— 6050-5) Se es ooo eo ee 99. 0-+ 
ASA. 8. He Onspecification 2: 2 eee eee 347+] 85-100 |_-____---- 30+ 1.0— 60. 0+ 09,0 eee eee 99. 0-+ 

1 1.019 530 85 113 223 0. 16 81 99. 85 0. 07 0. 08 100. 00 
2 1.010 540 96 111 193 07 82 99. 90 - 10 . 00 100. 00 
3 1.010 545 95 112 204 00 84 99. 89 cmt . 00 100. 00 
4 OTC ON ol es a cee 92 112 227 . 08 82 99. 73 cata, 12 100. 00 
5 A OLGA poate te eee 91 113 197 . 08 81 99. 81 . 08 ell 100. 00 
6-A 1. 004 650 92 7 185 "05 79 99. 88 12 . 00 100. 00 
7-A 1. 039 490 96 120 220 .10 79 99. 94 . 06 - 00 100. 00 
8 1. 038 510 96 121 102 21 69 99. 93 .07 . 00 100. 00 
9 1. 038 490 96 121 230 13 78 99. 86 . 08 . 06 100. 00 

10 1. 038 485 95 121 192 .19 74 99, 92 . 04 . 04 99. 96 
il 13038 eaten 97 119 209 12 ait 99. 91 . 08 - 01 100. 00 
6-B 1. 039 500 97 119 242 13 76 99. 92 - 05 . 03 100. 00 

12 1, 025 540 94 117 192 05 74 99. 84 . 08 . 08 99. 98 
13-A 1. 020 580 95 115 192 . 01 Zt 99. 93 - 06 01 100. 00 
13-B 1.029 550 92 115 187 . 04 77 99. 77 Ah 12 100. 00 
7-B 1. 024 565 94 117 107 - 03 77 99. 80 .14 - 06 100. 00 
6-C _ 1.018 560 92 118 191 ~ 04 78 99. 82 . 09 . 09 100. 00 

14 1. 035 500 85 123 196 ad W/ 7 99. 82 aul 07 100. 00 
15 1,021 670 90 116 179 . 02 82 99. 80 .14 . 06 100. 00 
16-A 1,014 500 90 121 139 15 88 99. 84 13 . 03 100. 00 
16-B 1.020 630 97 115 178 05 80 99. 74 .19 07 100. 00 
17 1.017 585 96 117 211 . 03 82 99. 85 13 . 02 99. 96 
18 1. 030 580 91 112 223 . 04 68 99. 69 . 20 oe b 100. 00 
19-A Ue O05 0 | saree 94 118 162 . 04 79 99. 59 18 23 99. 97 
19-B 1,991 665 94 118 152 - 08 81 99. 64 .19 w1% 99. 90 
19-C 1. 005 560 84 119 172 . 08 77 99. 75 elie . 08 99. 95 
20-A 1,999 670 93 116 164 - 02 81 99, 75. .14 Apt 100. 00 
20-B 1.011 590 92 15 184 - 06 79 99. 79 .15 . 06 100. 00 
21 1.031 580 92 113 200 -10 65 99. 53 1.21 . 26 100. 00 

1 Material fails to conform. 
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TABLE 7.—Results of laboratory tests on 85-100 penetration asphalts, showing conformity to present specifications—Continued 

| Penetra- CS: solubility 
; Ponetra- MS Loss on | tion of aA 

Specific tonat _ _|Ductility| heating | residue Bitumen 

Identification No. Producer | ® pa moe Vinee peers 8 rg oa ae 0 ic IT A poraere 
wae t m. a pene- | p; rganic | Inorganic) in ‘ 

ber | 770/770 F, epee minute | gm.,5 | tration eae matter | matter 
2 hours before insoluble | insoluble 

heating 

oh or. Cm. Percent | Percent | Percent | Percent | Percent | Percent 
Ol) Ee eee ee ne ee oe Se eee 22 1,001 | 640 90 116 163 0. 03 86 99. 79 0. 08 0.13 100. 00 
19 lhe SP hee EC ee ee et mn ae ee 23 1. 020 505 93 120 101 . 08 75 99. 88 . 08 . 04 100. 00 
V4 ot Pease Se eee eee 24-A 1.010 665 85 119 173 - 02 75 99. 67 =! .22 100. 00 
AN See et oe ge Rl cae ee 24-B 1, 028 595 83 119 125 . 04 65 199, 44 1,36 . 20 99, 94 
Oe acs Ar tee SS ee es el ee oe 25-A 1. 034 560 94 116 170 . 02 72 99. 95 . 05 . 00 100. 00 
OH ee a eer ae ee 25-B 1, 007 560 96 116 186 .07 83 99. 64 - 08 28 99. 90 
Ab. ext Seat ad ine © a ae et ee ea 25-C 1.999 655 92 121 115 .03 80 99. 75 13 fily.| 99. 97 
See en os a oe eke oe ek 26-A OL 530 96 118 193 .07 78 99. 85 . 08 .07 100. 00 
en ee ee ee eee koa 26-B 1. 002 505 95 121 120 ~L3 80 99. 82 . 08 . 10 100. 00 
Dp eee eee non ties aos osd-sos~s- 2S 27 1.028 590 86 116 141 .14 76 99. 64 15 » 21 100. 00 
CN ES RS nS a a See 28 1.050 435 87 113 250+ . 53 70 99. 67 .12 ~a 99, 74 

1 Material fails to conform. 

or 85-100 grade that had a relatively high loss on heat- 
ing at 325° F. for 5 hours. The loss for both grades of 
this asphalt was approximately one-half the maximum 
allowable loss permitted by the Federal and A. A. S. H. 
O. specifications and one-fourth of that provided for 
in the A. S. T. M. specifications. The loss on heating 
for the two grades of sample 40 was much higher than 
the average test values, which are 0.07 percent for the 
50-60 asphalts and 0.09 percent for the 85-100 grade. 
Thus it would seem that the maximum allowable loss 
permitted by these specifications, especially by the 
A.S. T. M. specifications, is far greater than necessary. 

TABLE 8.—The range and average of results of tests used as 
requirements in the standard specifications 

50-60 grade 85-100 grade 

Test 
Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- 
mum | mum age mum | mum age 

Specific gravity at 77°/77° F____- 0.995 | 1.053 1.025 0.991 | 1.050 1,019 
POLASH DOING acu eS ee 440 680 574 435 670 564 
Penetration at 77° F., 100 gm., 5 

SCCHee ete te set eS ea. 46 61 54. 4 83 97 92.3 
Softening point, ° F__._______-- 118 137 127.8 111 123 117 
MDUCtbyaabiionte Classe == ae 27 250+| 175.5 101 250+ 179.8 
Loss on heating at 325° F., per- 
COT Lee ee ere eS +0. 01 0. 48 0. 074 0. 01 0. 53 0. 089 

Penetration of residue, percent- 
AEC OvVOricingleeees es 70 94 85.2 65 88 77.6 

Bitumen soluble in CS, percent.| 99.37 | 99.94 99.80 | 99.44 | 99.94 99. 79 
Organic matter insoluble in C82, 
PELCOD Gea ee poesia Ek oe Se 0. 03 0. 48 0. 09 0. 04 0. 36 0.12 

Bitumen soluble in CCl, per- 
CONG Meee eee Eee 99. 77 100 99, 97 99. 74 100 99. 98 

FEDERAL SPECIFICATIONS FOR ASPHALT CEMENTS MOST 

RESTRICTIVE 

The Federal, A.S. T. M. and A. A. 5S. H. O. specifica- 
tions require that the penetration of the residue from 
the loss on heating shall be at least 60 percent of its 
original penetration before heating. The percentage 
of original penetration retained by the residues of the 
50-60 asphalt varied from 70 to 94, with an average of 
85 percent. For the 85-100 asphalts the range was 
from 65 to 88, with an average of 78 percent. Although 
all the test results were well over the minimum per- 
mitted by the specifications, there were differences 
among the various asphalts of each grade in the degree 
of hardening during the 5-hour oven test. The ranges 
and averages for the percentage of original penetration 
retained by the residues of the asphalts indicate that the 
85-100 penetration asphalts harden to a greater degree 
than do the 50-60 penetration asphalts. 

Only one 50-60 asphalt and one 85-100 penetration 

asphalt failed to meet the minimum requirement of 
the Federal and A. A. S. H. O. specifications of 99.5 
percent bitumen soluble in carbon disulphide. The 
test average for both grades was approximately 99.8 
percent. The test ranges of both the 50-60 and 85-100 
penetration asphalts, as shown in figures 1 and 2, ex- 
tended well beyond the limit of the Federal specifica- 
tion for the amount of organic matter insoluble in 
carbon disulphide because of the relatively high imsolu- 
bility of sample 33 of each grade. All of the other 
materials except sample 28 of the 50-60 grade and 
sample 29 of the 85-100 grade met this specification 
requirement, and the average percentage of organic 
matter insoluble in carbon disulphide was approxi- 
mately 0.1 for the asphalts of both penetration grades. 

The minimum requirement of the A. S. T. M. and 
A. A. S. H. O. specifications of 99.0 percent bitumen 
soluble in carbon tetrachloride is far lower than any 
test value obtained on the asphalts of either grade. 
The minimum test value for each grade was approxi- 
mately 99.75 percent and the average test value was 
99.98 percent for the 85-100 materials and 99.97 percent 
for the 50-60 asphalts. 

Careful study of the data that show the conformity 
of these asphalts to the A. 8S. T. M. and A. A. 8. H. O. 
specifications furnishes no information that can be 
used to indicate definitely the source of the base 
petroleum or the refining process. 

A requirement for ductility of not less than 30 
centimeters as designated in these specifications may 
eliminate products from those petroleums that do not 
develop ductile residues, and this requirement may 
restrict to some extent the amount of blowing that 
can be employed in the refining process. However, 
with only the test data required by these specifications, 
it is impossible to determine the distinguishing charac- 
teristics of asphalts from various sources and refining 
processes. Accordingly, the uniformity of supply can- 
not be controlled, and no pertinent information is 
available to indicate what measures should be em- 
ployed in the use of the particular asphalt to insure the 
prevention of deterioration during the mixing and con- 
struction processes and under service conditions. 

The test data obtained to show compliance with the 
Federal specification furnish additional information 
that is helpful in this respect although not entirely 
satisfactory. The minimum specific gravity require- 
ment serves to eliminate to some extent those asphalts 
prepared from petroleums of paraffinic base. The 
slightly higher minimum ductility requirement of this 
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specification, together with the softening point limits, 
offers some control over the processing of certain 
petroleums. 

The uniformity of supply for a particular job is con- 
trolled in the Federal specification by the following 
special requirement: 

The material furnished under this specification for a given con- 
tract, type, and grade shall be uniform in character and shall 
not vary more than 18° F. in softening point from the test limits 
specified nor more than 0.020 in specific gravity * * ¥*, 

The intent of this somewhat ambiguous requirement 
is to provide that shipments of material for a particular 
job shall be within the test limits specified for the 
grade and in addition shall have softening points within 
18° F. and specific gravities within 0.02 of values 
obtained for the asphalt originally accepted. 

Vol. 21, No. 1 

A study of the test data in tables 6 and 7 will show, 
however, that this provision does not insure the desired 
uniformity. The ranges in specific gravity values for 
50-60 and 85-100 penetration asphalt were 0.995 to 
1.053 and 0.991 to 1.050, respectively. If the material 
initially submitted had a specific gravity of 1.025, the 
above requirement would permit the subsequent ac- 
ceptance of asphalts having specific gravities of 1.005 
to 1.045. Only five 50-60 asphalts and seven 85-100 
asphalts included in this investigation could not be 
substituted in this specific case. 

The range in values of the softening point for the 
50-60 asphalts was 19° F. and for the asphalts of 85-100 
penetration was 12° F. It is apparent, therefore, that 
in both grades many of the asphalts represented by 
materials in this investigation could be substituted for 
another without violating the provisions of this special 
requirement for permissible variation in the softening 
points of subsequent shipments of asphalt for the same 
project and without indicating to the user that a dif- 
ferent base petroleum or a different refining process had 
been substituted. 

STANDARD SPECIFICATIONS CONSIDERABLY MODIFIED BY SOME 

STATES 

The specifications of the various States for asphalt 
cement indicate that there is a decided tendency to 
modify the specifications as adopted or proposed by 
the Federal Specifications Executive Committee, the 
American Association of State Highway Officials, and 
the American Society for Testing Materials. A major- 
ity of the States have specifications for asphalt cements 
of one or more of the usual penetration grades. A study 
of the specifications available showed that 40 States 
and the District of Columbia specify 50-60 penetration 
asphalts. Three States do not have specifications for 
50-60 but do have specifications for 60-70 penetration 
asphalts and these will be included in the following 
summary of the 50-60 grade. A majority of these 
specifications were adopted after 1935. 
A summary of the State specifications shows that 

only two States use the Federal specification, two the 
A. A. S. H. O. specification, and one the A. S. T. M. 
specification, with their present test requirements. 
Some of the States use the same physical and chemical 
tests as required in one of the above-named specifica- 

| tions, but they have changed the limits of one or more 
of these requirements. Other States have changed 
the test limits of the Federal, A.S. T. M., or A. A. S. 
H. O. specifications and also have added special test 
requirements. 

In order to show how the States have modified their 
specifications, the physical and chemical tests of the 
Federal, A. S. T. M., and A. A. S. H. O. specifications 
with the various test limits as adopted by the different 
States and the District of Columbia are shown graphi- 
cally in figure 3. This figure also shows the number of 
States using the different limits for the specification 
tests and the number of asphalt cements of the 50-60 
penetration grade, given in table 6, that failed to meet 
each specification requirement. 
A discussion of the data plotted in this figure will 

show how the limits of the various State specifications 
vary from those of the Federal, A. S. T. M., or A. A.S. 
H. O. specifications. 

Twenty-four States require a test for specific gravity 
at 77°/77° F. and 10 of these have test limits that 
differ from the requirement of the Federal specification. 
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Three States specify a higher minimum requirement and 
6 States a lower minimum requirement. One State has 
both a maximum and minimum limit. In general, the 
higher the minimum limit, the greater the number of 
50-60 asphalts that fail to meet the specification re- 
quirement. It is interesting to note that if the test 
requirement for specific gravity of not less than 1 or 
more than 1.04 were to be rigidly enforced, 5 out of 6 
Mexican asphalts examined in this investigation would 
be excluded from use. In setting this limit it is be- 
lieved that it was not the intention of this particular 
specification to eliminate this material. 

Thirty-two of the forty-two States using the flash 
point test have the same requirements as the Federal, 
A.S. T. M., and A. A. S. H. O. specifications, while the 
other 10 States specify higher minimum limits ranging 
from 392° to 446° F. Only one 50-60 asphalt has a 
flash point lower than 446° F. 

Only 13 States have a specification requirement for 
softening point and 5 of these use the same limits as 
the Federal specification. Of the other States, 5 use 
limits of 113° to 149° F., 1 uses 113° to 140° F., 1 uses 
104° to 149° F., and 1 State specifies only a minimum 
requirement of 120° F. The 50-60 penetration as- 
phalts meet all these limits except the last. Four of 
the five California asphalts tested in this investigation 
had softening points below 120° F. 

The requirements of the States for ductility show the 
greatest variations from the limits of the Federal, 

M., or A. A. S. H. O. specifications. Of the 
40 States requiring a ductility test at 77° F., 8 use the 
limit of the A.S. T. M. and A. A.S. H. O. specifications, 
and 3 use the limit of the Federal specification. All 
the remaining States have higher minimum requirements 
ranging from 45 centimeters up to 100 centimeters with 
16 States using the highest limit. With a minimum 
ductility of 100 centimeters, however, only 8 of the 
50-60 asphalts failed to pass this test requirement. 
Four asphalts, samples 16, 20, 31, and 33, had duc- 
tilities below 60 centimeters, and 3 of these, samples 
20, 31, and 33, had ductilities below 45 centimeters. 

Thirty-seven States have the same maximum limits 
for loss on heating at 325° F. as the Federal and A. A. 
S. H. O. specifications. Four use the A. S. T. M. 
requirement of not more than 2 percent and one per- 
mits a maximum loss of 0.75 percent. All of the as- 
phalts tested had losses much lower than the 0.75 
percent limit. 

Thirty-seven States use the same minimum require- 
ment of 60 for penetration of the residue from loss on 
heating at 325° F. expressed as the percentage of the 
penetration before heating. Three States specify a 
minimum of 50 percent and one State a minimum of 70 
percent. All the asphalts met these requirements. 

CERTAIN REQUIREMENTS FOUND TO BE DEFINITELY RESTRICTIVE 

Thirty-five out of thirty-eight States have the same 
limit of 99.5 percent of bitumen soluble in carbon disul- 
phide as the Federal and A. A. S. H. O. specifications. 
One sample failed to meet this requirement. Only six 
States require a determination of organic matter insol- 
uble in carbon disulphide and these States use the same 
limit as required by the Federal specification. Two 
asphalts failed to meet this requirement. Twenty- 
three States require a determination of the proportion 
of bitumen soluble in carbon tetrachloride and seven 
States require a determination of total solubility in 
carbon tetrachloride. Eighteen of the twenty-three 

211290—40——2 

States specifying the percentage of bitumen soluble in 
carbon tetrachloride have the same limit as the 
A.S.T.M. and A. A.S.H.O. specifications. All the 
asphalts passed the requirements for percentage of 
bitumen soluble in carbon tetrachloride. Only one 
asphalt failed to meet the highest specification require- 
ment for total solubility in carbon tetrachloride. 

On the basis of the test data shown in table 6, seven 
of the 50-60 asphalts failed to pass the test require- 
ments of the Federal specification, while but one 
asphalt failed to meet the test requirements of the 
A.S.T.M. or A. A.S. H. O. specifications. With the 
same control tests but with changes in the specification 
requirements, the limits imposed by various States, if 
rigidly enforced, would result in the rejection of 28 of 
these asphalts, leaving only 11 materials that would not 
be excluded by some one of the modifications. Table 
9 shows the samples that failed to meet the various 
requirements of the States. The failure of such a large 
proportion of the asphalts, some of which are repre- 
sentative of materials which have given satisfactory 
service performance, indicates that certain require- 
ments are definitely restrictive. 

In addition to the routine tests that were made to 
determine the conformity of the 50-60 and 85-100 
penetration asphalts to the Federal, A.S.T.M., and 
A. A.S.H.O. specifications, modifications of these 
routine tests and a number of other tests that have 
been used or are proposed for use by various agencies 
were also made. The data will be discussed and, where 
the particular test has been used as a specification re- 
quirement, the effect of the particular limits on the 
acceptance or rejection of materials similar to the 
asphalts of this study will be considered. 

In table 10, the essential data for the calculation of 
various factors that have been used in specification 
requirements for controlling the susceptibility of 
asphalts to changes in temperature are given. Various 
combinations of requirements for softening point, 
ductility, and penetration at 32° and 115° F., together 
with consistency at normal temperature, 77° F., have 
been employed in some instances to insure a material 
having a satisfactory range in consistency for particular 
climatic conditions. In many cases various consistency 
tests are used to devise empirical susceptibility factors 
that become essential requirements in the specifications 
for asphaltic cements. The susceptibility factors that 
have been derived from the data shown in this table 
are given in table 11. 

Since the penetration test was first adopted as a 
specification requirement, it has been used as a means 
of controlling the susceptibility of asphalts to changes in 
temperature. Various penetration relationships have 
been used for this purpose. One of the oldest methods 
for controlling the susceptibility of asphalt cements is 
the one generally used in the specifications for materials 
such as those intended for waterproofing and as fillers. 
Besides providing for a given penetration range at 77° 
F., these specifications require a minimum limit at 32° 
F., 200 grams, 60 seconds and a maximum limit at 
115° F., 50 grams, 5 seconds. 

SUSCEPTIBILITY FACTORS SOMETIMES ADVANCED AS 

SPECIFICATION REQUIREMENTS 

# A State specification of a few years ago employed the 
values obtained at these three temperatures to set up 
the factor: 
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TaBLE 9.—Identification' of the 50-60 penetration asphalts which fail to meet the test limits of the standard * specifications as modified 

Test 

Test requirement__-_._- 

Sample number: 
1 

Number of samples failing each 
test requirement______ 

Identification No, 

by the States 

Soft Bitumen Organic olten- fee : , matter 
Specific gravity at 77°/77° F. ot ing Ductility at 77° F., 5 cm. per minute soluble | insoluble 

point in C82 in CSs 

; 446 120 100 80+ | 75+ | 60+ | 50+ | 45+ | 40+ | 30+ 99. 5+ 0. 20— 
se er 1.024 | 1.014 | 1. 00+ opt op ee em. em. cm. em. cm. cm. cm. | percent | percent 

Total 
soluble 
in CCl 

99. 5+ 
percent 

16 4 2 1 4 8 6 5 4 3 3 2 1 2 1 

! Samples marked (x) fail to meet test requirement. : : 
2 Includes the Federal, A.S.T. M. and A. A.S. H. O. specifications. 

TABLE 10.—Consistency determinations of the 50-60 and 85-100 penetration asphalts 

50-60 penetration asphalts 85-100 penetration asphalts 

Penetration Penetration 

200 Ne 200 Bei 
grams, olt- grams, olt- 60 sec. 100 grams, 5 seconds : a ,. | Furol ible 60 saa. 100 grams, 5 seconds Furol Pisan 
onds e ’ | viscos- a onds viscos- ° 

sec- | ity at 176° F. itv at | 176 F, 

x ——|_onds, | 975° F 275° F 
at 115° " : ‘ At} At | At} At} At} At| At} At; At} At | At P At} At | At} At] At| At} At} At] At 

32° | 39,29} 32° | 41° | 50° | 59° | 68° | 77° | 86° | 95° | 104° ; 32° | 39.2°] 32° | 41° | 50° | 59° | 68° | 77° | 86° | 95° 

Seconds| Seconds Seconds} Seconds 
15 1 5 OF) 6 Hee Tee | S06 aes OOM eens |e 105 106 | 15 22 2 6 | 11 | 21 | 43 | 85 | 160 | 266 82 90 
17 1 5 O's) TORSO" POLS LTS th 200 lee eee 127 109 | 16 29 3 7 | 13 | 24 | 51 | 96} 177 | 290 94 91 
16 1 5 OLS LOG TZ OS ale eee |e eee 124 108 | 15 27 4 6 | 13 | 25 | 51 | 95 | 176 | 283 93 90 
16 1 5 OF ASS SO sGO MTL 52025 | sees eee 114 107 | 16 23 2 6 | 12 | 23 | 49 | 92 | 173 | 277 95 98 
18 1 5 90) 1520 58 104s 186m ee soa ee eee Hei! 119 | 14 23 4 7 | 138 | 24 | 49 | 91 | 175 | 278 110 100 
20 3 7 | 11) 17 | 30 | 52 | 88 | 148 | 226 279 251 1355) MSalveel 5 | 10 | 16 | 29 | 53 | 92 | 157 | 265 178 106 
27 5 | 10 | 14 | 23 | 34 | 58 | 91 | 140 | 225 268 475 173 | 27 44) 9] 15 | 23 | 38 | 59 | 96 | 147 | 224 294 139 
31 7) 11 1 T7) 26 | 36] 56 |} 82: 1123: |) 210 279 260 153 | 31 43 | 10 | 18 | 24 | 37 | 57 | 96 | 188 | 215 152 115 
26} 4) 9 | 12) 217) 33 | 53) 81 | 126 | 206 247 537 183 | 27 | 42 9 | 16 | 22 | 37 | 57 | 96 | 144 | 219 316 132 
26 5 | 10 | 14 | 23 | 34 | 56} 85 | 133 | 208 257 483 174 | 27 | 41 9 | 15 | 22 | 36 | 58 | 95 | 141 } 216 313 134 
25 5 | 9] 14} 22 | 34] 54] 82 | 130 | 202 243 490 184 | 25 |} 44] 8 | 16 | 22) 37 | 58 | 97 | 148 | 227 288 134 
25 6 | 91 14) 201633 Wy Sbu)e85. 1) 136.) 21 248 555 176 | 28} 40 | 10 | 15 | 22 | 38 | 59 | 97 | 148 | 230 281 128 
28 | 6} 10 | 16 | 23 | 35} 51 | 74) 108 | 168 196 274 160 | 28} 41] 9] 138 | 22 | 38 | 61 | 94 | 145 | 238 166 118 
24 3 GP LA LOM SL Oa oe ald (alee On eres eee 260 PEA 35 5 | 10 | 17 | 32 | 57 | 95 | 153 | 258 152 109 
25 4 7} 13 | 21 | 33 | 52 | 84 | 135 | 225 273 274 135 | 22 33 5 | 10 | 17 | 32 | 57 | 92 | 152 | 258 147 109 
25 5 | 8] 13 | 21 | 30 | 48 | 72 | 106 | 169 205 288 160 | 25 | 37] 8} 13 | 20 | 37 | 59 | 94 153 | 250 167 113 
22 5 | 8} 13 | 19 | 30 | 48} 78 | 122 | 196 246 337 152 | 25 33 6 | 12 | 19 | 33 | 55 | 92 | 151 | 244 197 112 
26°) 4) 7 | 13) 21 | 325) BL 79) || 11235! 908 248 337 147 | 25 | 37 7 | 11 | 18 | 33 | 53 | 85 | 182 | 214 267 135 
20 5 TO PL29) 5200) 86ulleO 71806) je LO25ecGb nl aeeeeeee 304 133 | 20 32} 6 | 13 | 21 | 34 | 54 | 90 | 145 | 236 217 113 
38 | 8 | 14 | 20 | 29 | 40 | 58 | 81 | 116 | 170 188 425 199 | 37 48 | 13 | 21 | 26 | 43 | 61 | 90 | 182 | 200 234 126 
27 | 4] 9] 16] 23 | 36] 57] 91 | 145 | 225 270 340 144 | 23 | 34 7 | 15 | 19 | 37 | 58 | 97 | 156 | 250 217 109 
32 | 8 | 14} 20 | 26! 40 | 57 | 78 | 113 | 169 198 415 180 | 31 41 | 11 | 19 | 26 | 40 | 64 | 96 | 149 | 230 227 117 
ZO A 26 T2118 282) GOI LT |e 4m es ree 82 100 | 14 24 5} 9 | 12 | 29 | 50} 91 | 162 | 271 84 89 
23 5 | 10 | 15 | 24 | 87 | 54 | 84} 129 | 197 235 337 2.020) eee 9 | 14 | 23 | 37 | 58 | 94 | 150 | 230 195 103 
24 5 | 8 | 16 | 23) 35 | 58 | 06°) 156 | 248 |p 311 132 | 20 31 8 | 12 | 22 | 36 | 56 | 94 | 150 | 237 203 106 
22 4 8 | 15 | 21 | 35 | 53 | 88 |141 | 213 280 215 144 | 21 30 8 | 11 | 20 | 33 | 51 | 84.) 188 | 218 173 107 
21 3 | 7] 13 | 19 | 30 | 49 | 79 | 125 | 195 248 362 156 | 18 27 | 6| 10] 18 | 31 | 54 | 93 | 158 | 249 182 103 
20} 4] 8 | 14] 20 | 35 | 581} 90 | 150 | 253 |_______- 196 130 | 15 24 5 | 9 | 14 | 30 | 51 |. 92 | 157 | 259 148 101 

ey sel ets SE TS fava toe ot Bae Seas saoeelodace|Sceh- oon la eeeebes hae eel Epa epee Ole 6 gIeOG me OUleO Dm et Oon| eons 102 99 
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TABLE 10.—Consistency determinations of the 50- 

50-60 penetration asphalts 85-100 penetration asphalts 

Penetration Penetration 

‘ : 200 Say- 200 Say- 

AE ra pres 100 grams, 5 seconds 50 es Float an 100 grams, 5 seconds A Float 

onds grams, | viscos- test at ance .UFOL | test at 
5 sec- | ; 176° F. VISCOUS ebook 
onds_| ty, at —_—_|—_—-—______—_ ,ityat 

° . 27 : 
At] At | At] At] at] At/at|at| at] at | at | aU ieee ary eNar Dae Pati an Ae pape 
32° | 39.2°| 32° | 41° | 50° | 59° | 68° | 77° | 86° | 95° | 104 : 82° | 39.2°} 32° | 41° | 50° | 59° | 68° 177° 86° | 95° 

Seconds| Seconds Seconds| Seconds 
Sl pe ee ee 15 21 4] 9] 13 | 20 | 32 | 48 | 76 | 112 | 170 203 515 167 | 18 | 382 | 7) 12] 19} 81 | 54 | 90 143 | 223 185 112 

BIE ce eegoaee a = Ss 19 | 29] 6/| 12} 16 | 25 | 39) 59 | 88 | 136 | 198 224 393 193 | 28 | 44] 10 | 18 | 26 | 41 | 58 | 93 141 | 213 215 128 
Oo Pe eee es cacne ess 13 22 | 3 8 | 11 | 17 | 31 | 49 | 79 | 126 | 187 232 285 146 | 18} 28 5 | 13 | 20 | 30 | 48 | 85 131 | 207 195 115 
De ee ieee Se 13 21 3 8 | 11 | 18 | 30 | 46 | 76 | 121 | 186 234 113 123 | 17 29 5 | 11 | 19 | 32 | 50 | 83 125 | 200 98 104 
te GS ee te ee ee 19 27 5 | 10 | 16 | 23 | 36 | 58 | 86 | 138 | 211 252 204 144 | 25| 38] 8 | 14 | 24 | 36 | 56 | 94 147 | 232 132 104 
DOs Be eae ee iis 27 | 16 {10 | 14) 22°) 36 } 67.) 90 | 147 | 289 }__-.-... 210 129 | 25} 40} 9] 16 | 25 | 38 | 58 | 96 150 | 248 163 109 
Oe Shes ee ee eee 16 25} 4 { 91 18 | 22 | 36 } 55 | 87 | 184 | 212 263 254 141 | 26 | .37 | 10 | 17 | 27 | 39 | 60 | 92 1386 |} 200 172 109 
ay Se ae aoe Ae A es Bee 19 29 6 | 10 | 16 | 24 | 33 | 52 | 77 | 116 | 174 206 369 180 | 32 | 47} 9] 17 | 28 | 42 | 63 | 96 143 | 223 195 122 
hej) oes Oe aca eee eee 21 33 POEL 265 sh SoS L 20s 76 204 324 173 | 42 49 | 14 | 21 | 29 | 43 | 65 | 95 188 | 205 195 135 
Sf eS Sees Sa eee CL a 8 14 2 6 8 | 13. | 26 | 47 |) 82} 134°) 227 276 209 139 | 15 23 4 9] 16} 25 | 45 | 86 159 | 265 132 103 
ile ee ee aes 13 aL Shite Wieden LO Sd | BOR 820 1388220) eee 120 129} 18| 36; 6] 10 | 18} 31 | 52) 87 151 | 259 76 96 

TABLE 11.—Susceptibility factors of the 50-60 and 85-100 penetration asphalts 

Penetration index 

PTS3cal- ——__-—_——— 
Pen. 77° F. |Pen. 115° F.—Pen. 32° F.| Pen. 100° F. | Pen. 39.2° F. | culated by pucks of the 4 = 
Pon. 32 F. Pon. 77° F. Pen. 77°F | Pen.77°F. | Pieiffer and | [08 penetra: Senet ee : ; awe : Van Doormal| tiou-temper Calailated rom slope o index factor 

Identi- (+) (1) @) (1) (1) ature curve log penetra- 
fication method from PTS3 ‘ion tabs 

No. perature curve 

50-60 | 85-100 50-60 grade 50-60 | 85-100} 50-60 | 85-100 | 50-60 | 85-100] 50-60 | 85-100] 50-60 | 85-100) 50-60 | 85-100 50-60 | 85-100 | 50-60 | 85-100 
grade | grade 8 grade | grade | grade | grade | grade| grade | grade | grade | grade | grade | grade | grade | grade | grade | grade | grade 

Percent | Percent 
i see 6.3 5.7 (4) 4.7 5.3 26 26 |0.0276 |0.0272 |0.0295 |0.03823 |—1.39 |—1.29 |—1.79 |—2.32 | 77.7 | 87.4] 27.4 —2.6 
Bee an 6.8 6.0 (4) 4.8 5.1 28 30 | .0270 | .0268 | .0307 | .0314 |—1.25 |—1.20 |—2.02 |—2.16 | 81.6] 93.4] 40.3 —1.9 
Sees 6.8 6.3 (4) 4.8 5.4 26 28 | .0271 | .0268 | .0297 | .0324 |—1.28 |—1.20 |—1.83 |—2.34 | 81.2] 92.5] 38.4] —1.9 
(ae 6.7 5.8 (4) 4.9 5.2 27 25 | .0272 | .0272 | .0307 | .0315 |—1.29 |—1.29 |—2.02 |—2.18 | 80.2 | 95.0] 32.4 —2.8 
bree 6.4 6.5 (4) 4.4 5.3 31 25 | .0266 | .0262 | .0287 | .0313 |—1.15 |—1.07 |—1.63 |—2.14 | 88.1] 95.4] 42.3 8.2 
(ase 5.2 5.1 §. 2 3.7 4.1 38 34 | .0242 | .0237 | .0252 | .0267 | —.57 | —.44 | —.83 |—1.19 83.8 | 98.8 | 103.5 79.1 
(Cares 3.2 3.6 4.3 3.2 3.1 47 46 | .0209 | .0213 | .0217 | .0219 | +.42 | +.25 | +.17 |] +.10 | 100.1 | 115.5 | 241.9 190. 1 
Or ese 2.7 3.1 4.6 2.8 2.8 55 45 | .0209 | .0207 | .0192 | .0211 | +.42 | +.47 | +.99 | +.32 | 92.6 | 105.1 | 114.2 63.8 
GS Se. 3.1 3.6 4.3 3.2 2.9 49 44 | .0216 | .0211 | .0226 | .0217 | +.20 | +.32] —.12} +.15 | 98.5 | 112.5 | 256.5 211.2 

OFZ 25. 3.3 3. 5 4.3 3.0 3.1 46 43 | .0208 | .0210 | .0216 | .0220 | +.43 | +.38 | +.19 | +.07 |] 98.7 | 112.8 | 239.1 tek 

i) bee ee 2.7 3.9 4,1 3.1 3.1 46 45 | .0212 | .0217 | .0216 | .0219 | +.33 | +.17 | +.19 | +.10 | 99.6 | 114.0 | 235.4 185, 3 

1203 3.2 3.5 4.2 3.2 3.1 45 41 | .0210 | .0218 | .0222 | .0219 } +.38 | +.14 |___-_-- +. 10 98.4 | 111.5 | 275.0 178.5 
ins 3 2. Pt 3.4 3.5 oe 3.2 55 44 | .0219 | .0231 | .0185 | .0221 | +.08 | —.24 |+1. 26 | +.03 90.4 | 105.3 | 113.7 67.7 

i ae 4.7 4.5 (4) 3,5 3.7 46 87 | .0242 | .0243 | .0238 | .0248. | —.57 | —.58 | —.45 | —.71 82.6 | 101.7 | 108.2 64.2 

jee 3.5 4.2 5.0 3.3 3.8 48 36 | .0244 | .0246 | .0224 | .0248 | —.63 | —.67 | —.05 | —. 71 83.8 | 100.1 | 115.4 50. 6 

iNi}S Soaese. 3.2 3.8 4.0 2.9 3.5 52 39 | .0221 | .0235 | .0202 | .02386 | +.05 | —.37 | +.64 | —.40 87.6 | 1038.1 | 115.2 68. 6 

ies 3.4 3.7 4.8 3.3 3.7 46 36 | .0241 | .0229 | .0224 | .0246 | —.52 | —.20 | —.05 | —. 67 85.4 | 101.5 | 138.7 96. 6 

LSee oe 3.6 3.4 4.6 3.1 3.3 51 44 | .0228 | .0202 | .0215 | .0226 | —.18 | +.68 | +.22 | —.12 86.6 | 107.0 | 145.9 154.7 

(ih Sa 4.8 4.5 (4) oat 3.4 35 36 | .0238 | .0246 | .0249 | .0235 | —.45 | —.67 | —.74 | —.37 87.0 | 100.8 | 140.8 114.3 

20 ee 2.4 2.4 2.8 2.5 2.7 66 53 | .0189 | .0217 | .0172 | .0189 |+1.09 | +.17 |+1.76 |4+1.11 | 107.5 | 106.5 | 212.9 129. 6 

2 3.6 4,2 4,5 3.3 3.4 47 35 | .0216 | .0241 | .0223 | .0230 | +.20 | —.54 | —.02 | —. 21 90.6 | 102.7 | 161.3 116. 4 

yy. lia 2.3 3.1 3.0 2.5 3.1 56 43 | .0191 | .0229 | .0174 | .0214 |+1.05 | —.19 |+1.70 | +.26 | 101.3 | 106.0 | 204.1 125.8 

7 ie eee 5.5 6.5 (4) 4,7 4.3 33 26 | .0263 | .0271 | .0292 | .0277 |—1.08 |—1.26 |—1.74 |—1.42 | 77.4] 90.0] 13.2 —6.4 

2 eee 3. 2 4.1 4.0 3.0 3.2 UE. Saeeees .0216 | .0228 | .0207 | .0226 | +.10 | —.16 | +.47 | —.12] 90.6 | ¢8,.4 | 152.8 94.9 

26K s 4.1 4.7 (5) 3.5 3.3 41 33 | .0228 | .0224 | .0231 | .0228 | —.16 | —.07 | —.26 | —.16 | 87.2] 99.8 | 146.7 102. 5 

26n es 3.5 4.0 5.0 3. 5 3.4 42 36 | .0226 | .0231 | .0227 | .0231 | —.10 | —.24 | —.15 | —.26] 87.4 | 94.8] 85.9 74.8 

PY Caan 4,1 §.2 (4) 3.4 3.9 41 29 | .0223 | .0241 | .0236 | .0256 | —.03 | —.53 | —.40 | —.92 | 87.4] 97.9] 80.0 82.8 

28.22 2 4.8 Cat 4.8 3.4 4.1 36 26 | .0234 | .0245 | .0228 | .0272 | —.385 | —.65 | —.16 |—1.30 | 86.8 96.4 | 153.4 51.5 

246 Asal (ee Sete pas Oa eer io ore or tS Fk el eee Te OH ipl eee ates OZOSig| ess 0266; eee =" 08" |oxaoa mtd uliee oe te OO Oe Wane 9.2 

aOsee=- 3.2 4.8 3.9 3.0 3.6 44 37 | .0226 | .0241 | .0203 | .0245 | —.10 | —.53 | +.62 | —.63 | 89.6 | 100.4 | 224.2 85.1 

Bloons 3.1 3.3 3.5 2.8 2.9 49 47 | .0202 | .0214 | .0195 | .0205 | +.64 | +.26 | +.89 | +.54 | 106.6 | 109.1 | 197.1 113.5 

Gy figs 3.8 4.7 4.5 3.3 3.2 45 33 | .0240 | .0221 | .0227 | .0225 | —.51 | +.05 | —.15 | —.08 84.6 | 98.8 | 115.6 93.5 

Boe oes 3.5 5.0 4.8 38 3.0 46 34 | .0248 | .0234 | .0227 | .0219 | —.71 | —.34 | —.15| +.10 | 75.2 | 92.9} 30.8 iW leal 

St eae 3.1 3.8 4.0 3.1 3.3 47 40 | .0221 | .0236 | .0215 | .0227 | +.03 | —.40] +.22 | —.15| 91.4 | 98.9] 84.7 35. 7 

bi ee 3.4 3.8 (4) 3.4 3.2 47 42 | .0247 | .0234 | .0229 | .0224 | —.68 | —.34 | —.20 | —.05 85.8 | 102.3 87.2 64. 3 

BO soe 3.4 3.6 4.5 3.2 2.7 45 40 | .0240 | .0212 | .0215 | .0192 | —.51 | +.31 | +.22 | +.99 88.1 | 100.1 } 109.5 73. 5 

ye eee 2.7 3.0 3.6 2.8 2.9 56 49 | .0214 | .0222 | .0194 | .0200 | +. 26 |__-__.- +.93 | +. 71 96.8 | 108.2 | 164.8 95.0 

atepae 2.8 2.2 3.3 2.7 2.7 60 53 | .0212 | .0210 | .0198 | .0188 | +.33 | +.38 | +.79 |+1.15 | 97.6 | 113.2 | 148.0 94.9 

Sy ess 5.9 5.7 5.7 3.8 4.1 30 27 | .0247 | .0247 | .0248 | .0277 | —.68 | —.68 | —.71 |—1.42 | 80.8] 94.2] 76.1 39. 6 

AQ ae Se 3.8 4.8 (4) 3.6 4.0 42 41 | .0262 | .0268 | .0240 | .0261 |—1.07 |—1.20 | —. 52 |—1. 04 80.3 | 91.4 19. 0 —9.6 

60 and 85-100 penetration asphalts—Continued 

1 Penetrations at various temperatures as follows: 
32° F., 200 gm., 60 sec. 
39.2° F., 200 gm., 60 sec. 
77° ¥F., 100 gm., 5 sec. 
100° F., 100 gm., 5 sec. 
115° F., 50 gm., 5 sec. 

Susceptibility factor = 
penetration 115° F., 50 gm., 5 sec.—penetration 32° F., 200 gm., 

60 sec. 

penetration 77° F., 100 gm., 5 sec. 

and required that it should not be more than 4.2 for 

2 All 85-100 penetration asphalts too soft for penetration at 115° F. in standard 

container. 
3 Penetration-temperature susceptibility factor. 
4 Material too soft for penetration at 115° F. 

asphalts of 40-70 penetration. The use of this factor 

for asphalts of normal construction grade is limited by 
the fact that the material may be too soft for a pene- 
tration test at the temperature of 115° F. As indicated 
in table 11, all of the 85-100 penetration asphalts were 
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too soft for a penetration test at this temperature, while 
of the 50-60 asphalts, only 27 of the 39 materials could 
be tested. Of these 27 samples, there were 15 that 
would not meet the requirement for a maximum sus- 
ceptibility factor of 4.2. The other 50-60 penetration 
materials, too soft for penetration at 115° F., would also 
fail, so that a total of only 12 out of the 39 asphalts 
tested would meet the requirement. 
Two other susceptibility factors have been suggested 

that are based on the following relationships: 

S F _ penetration 77° F., 100 gm., 5 sec. 
1.—S. “+ penetration 32° F., 200 gm., 60 sec. 

sf __ penetration 100° F., 100 gm., 5 sec. 
b penetration 77° F., i00 gm., 5 sec. 

Limits for these factors have not been proposed for 
specification requirements, and the values in table 11 
are shown for comparative purposes only. 

However, one State has recently adopted a suscepti- 
bility factor based on the ratio of the penetration at 
39.2° F., 200 grams, 60 seconds to the penetration at 
77° F., 100 grams, 5 seconds. The requirement states 
that the penetration at 39.2° F. must be greater than 30 
percent’ of the penetration at 77° F. For the 50-60 
grade, this limit would cause the rejection of four out 
of five California asphalts. For the 85-100 grade, four 
out of five California asphalts together with four as- 
phalts from Oklahoma and one from Texas would also 
fail to meet this requirement. 

Penetration-temperature relationship.—tThe results of 
the penetration tests made under a load of 100 grams 
for 5 seconds at temperature intervals of 9° F. (5° C.) 
from a minimum temperature of 32° F. to a maximum 
of 104° F. for the 50-60 asphalts and to a maximum of 
95° F. for the 85-100 asphalts, are shown in table 10. 
These tests were made in the standard 3-ounce con- 
tainer and the depth did not permit higher test tempera- 
tures to be used. Some materials of the 50-60 grade 
were too soft to obtain a penetration even at the tem- 
perature of 104° F. 

It was found that when the values are plotted to scale 
there is a straight-line relation between the tempera- 
ture of test and the logarithm of the corresponding 
penetration. A few typical examples of this relation 
are shown in figure 4. 

Penetration index.—J. Ph. Pfeiffer and P. M. Van 
Doormal ?* have described a method of classifying | 
asphalts by means of a ‘“‘penetration index.’’ In eal- 
culating this penetration index, the assumption is made 
that the penetration at the softening point is 800 for all 
asphalts. This value is used in an equation for calcu- 
lating the penetration-temperature susceptibility factor 
as follows: 

__log 800—log p 
PALES: $77 

where P 7 S=penetration-temperature susceptibility 
factor 

p=penetration at 77° F., 100 gm., 5 sec. 
t=softening point, °F. 

This equation is the slope of the log-penetration-temper- 
ature line for the assumed penetration value of 800 and 
penetration, p, at the temperatures ¢ and 77° F. re- 

3 Journal Institute Petroleum Technologists 1936, 22, 414. 
* Classifying Asphalts by Means of Penetration Index. Reprint from National 

Petroleum News. Refining Technology. February 1938. 

spectively. The P 7S value is then used in calcu- 
lating the penetration index by the equation 

~ 1+90(P TS) 
Values of the penetration-temperature susceptibility 
factor (P TS) and penetration index calculated in this 
manner are given in table 11. 

For a given penetration at 77° F. the softening point 
is the only variable in the equation for the value of the 
P TS, as determined by Pfeiffer and Van Doormal, and 
thus, for asphalts of the same penetration, the value of 
the penetration index is dependent only on the softening 
point. 

Since the log-penetration-temperature curves of the 
50-60 and 85-100 penetration asphalts had been made, 
the penetration at the temperature of the softening 
point of each material could be found by extending the 
straight line up to a temperature equal to the softening 
point, as shown in figure 4. It was found that these 
values ranged from approximately 540 to 1,060 for the 
50-60 grade and from approximately 620 to 1,300 for 
the 85-100 grade. The calculated values for the pene- 
tration at the temperature of the softening point were 
partially checked for the 85-100 penetration asphalts 
by determining the penetration of samples 14, 19, and 
39, at 115° F. In determining these values, a special 
needle 6 inches long but otherwise conforming to the 
specification of the standard needle was used. Large 
samples of the selected asphalts were carefully prepared 
and held in the water bath at 115° F. until the ther- 
mometer immersed at the center of the sample came to 
test temperature. The values obtained are shown 
in figure 5. 

Since the log-penetration-temperature curves of the 
50-60 and 85-100 penetration asphalts assume the 
form of straight lines, a true indication of their sus- 
ceptibility to change of temperature is found in the 
slope of the lines. The slope can be calculated as 
follows: 

Teve 10 

Slope=M Pe aes 1OE sD = 2 Pr 
Dae 

where p, and p, are penetrations at the two tempera- 
tures ¢, and 4, respectively. The slope can be calcu- 
lated readily from the penetration-temperature curves 
by finding the temperatures of the asphalt at penetra- 
tions of 10 and 100. Then 

ty—h b—-h b—t 

Where ¢,=temperature, °F., corresponding to a pene- 
tration of 100 

t,=temperature, °F., corresponding to a pene- 
tration of 10. 

The values of the slope for the 50-60 and 85-100 
penetration asphalts are given in table 11. 

MAJORITY OF SAMPLES FAILED TO MEET FLUIDITY FACTOR 
REQUIREMENTS 

With these values of slope, which are also the true 
values of the penetration-temperature susceptibility 
factor, the exact values of the penetration index can be 
calculated. In general, the exact penetration index 
values, also given in table 11, show a wider range than 
those calculated on the basis of an assumed penetration 
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of 800 at the softening point temperature. Although 
the penetration indexes using the true values for the 
penetration-temperature susceptibility factor provide 
sharper differentiation among the asphalts used in this 
report, it is believed that the penetration-temperature 
susceptibility as determined by the slope of the log- 
penetration-temperature curve, is a true measure of 
susceptibility. The penetration index, whether based 
on the assumption of Pfeiffer and Van Doormal or on 
the true value of the penetration-temperature sus- 
ceptibility factor, is an empirical equation that distorts 
the results and is not a true measure of susceptibility. 

Fluidity factor: According to Joseph Zapata,* the 
fluidity factor was first proposed as a means for identi- 
fying the source of the crude from which the asphaltic 
material was refined. Early investigators found that 
asphalt cements from various sources were represented 
by typical viscosity temperature curves and that the 
maximum deviation in viscosity for these curves oc- 
curred at 135° C. (275° F.). With this as a basis the 

penetration at 77° F. and the factor an, were introduced 

to give an empirical formula: 
je 

Fluidity factor=(V—P)X T00 

where V=Furol viscosity at 135° C. (275° F.) 
P=penetration at 25° C. (77° F.). 

Tests limits for fluidity factor when inserted in spec- 
ifications may be considered, therefore, a means of con- 
trolling the source of an asphalt by its susceptibility to 
change in temperature. While the Furol viscosity of 
the asphalt at high temperatures may be of value for 
governing the temperatures of the mixing operation, a 
susceptibility tactor based on the viscosity at this high 
temperature might not give an adequate indication 
of the change in consistency of the material over the 
temperature range of the pavement in service. Fur- 
thermore, as indicated by Zapata ® in 1937, the initial 
purpose ot the test can be voided by blending and blow- 

4 The Fluidity Factor Test, Proceedings Association of Asphalt Paving Technolo- 
gists. January 30, 1935. 

8A Study of Bituminous Material Weathering Tests. Proceedings Association of 
Asphalt Paving Technologists, January 1937. 
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ing oils to meet the established limits for fluidity factors. 
Furol viscosities of all the 50-60 and 85-100 asphalts 

at 275° F. were determined and the fluidity factors cal- 
culated. The Furol viscosities are given in table 10 
and the fluidity factors in table 11. 
A minimum limit of 140 for the fluidity factor has 

been included in certain specifications for asphalt 
cements having penetrations between 40 and 100. 
Of the 50-60 penetration grade, 22 asphalts out of 
39 failed to meet this requirement. ‘Those having 
fluidity factors below 140 include all of the California 
asphalts, one Mexican asphalt, the Colombian asphalt, 
5 out of 6 Venezuelan asphalts, 3 of the 6 Oklahoma 
asphalts, and the Kansas, Texas, and Kentucky as- 
phalts. Those asphalts having fluidity factors greater 
than 140 are the other Mexican, the Mexican and 
domestic blends, Arkansas, and a few other Mid- 
continent asphalts. There were 34 out of 40 samples 
of the 85-100 penetration grade that did not meet 
this minimum requirement of 140. Those meeting 
the requirement were 5 of the 6 Mexican asphalts and 
1 of the 6 Venezuelan asphalts. 

It is apparent, because of the large number of asphalts 
of the 85-100 grade that were lower than the specified 
minimum requirement, that the fluidity factor is ma- 
terially affected by the consistency of the material 
even within the penetration limits of 40 to 100. In 
order to determine the effect of penetration on the 
fluidity factor, a set of Mexican asphalts received from 

producer 10 and a set of Texas asphalts received from 

producer 27 were tested for penetration at 77° F. and 

Furol viscosity at 275° F. and the fluidity factors were 
determined. These values are shown graphically in 

figure 6. The fluidity factors for the Mexican asphalts 

were fairly constant between the 40-100 penetration 

range and then the values decreased rapidly. Although 

the fluidity factors of all the Texas asphalts were below 
140, there is a relatively wide range in these values 
between the penetration limits of 40 to 100. 
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Float test index.—The values for the float test, shown 
in table 10, were used to determine the float test index 
of the asphalts of both grades and the results are shown 
in table 11. The float test index is determined by the 
following formula: 

Float test index=/FXP 

where #=Float test at 176° F. (80° C.) in seconds. 

P=Penetration at 77° F. (25° C.) 100 grams, 5 
seconds. 

This index is used, like the fluidity factor, in an attempt 
to measure the susceptibility of an asphalt to change 
in temperature. Certain specifications have required 
that the float test index shall not be less than 90. 
This requirement applies to asphalts of 40-70 penetra- 
tion but the indexes for the asphalts of both grades 
used in this study have been calculated for comparative 
purposes. 

As shown in table 11 there were 24 asphalts of the 
50-60 grade that did not meet the float test index require- 
ment of 90 plus. All but 8 of the 24 asphalts were the 
same as those failing to meet a minimum fluidity factor 
of 140. Five of the twenty-four failing to pass the 
float test index requirement, however, did pass the 
fluidity factor requirement. In contrast to the fluidity 
factor, which is more restrictive for the softer grades of 
asphalts, a float test index of 90 is more favorable to 
the asphalts of higher penetration, since only one 85-100 
penetration asphalt failed to meet the requirement. 
This, however, might be expected since the limit of 90 
was specified for asphalts of 40-70 penetration only. 
This is further indicated by the float test index values 

for the same series of Mexican and Texas asphalts 
referred to in the discussion of the fluidity factor. 
These values are shown also in figure 6. For each series 
ot asphalts, the difference in float test index for materials 
of 40 penetration and materials of 100 penetration was 
approximately 20. Although all the Mexican asphalts 
had float test indexes greater than 90, the grades of Texas 
asphalts harder than 70 penetration failed to meet this 
requirement. 

The various susceptibility factors, including the 
penetration index as determined by Pfeiffer and Van 
Doormal, as given in table 11, except the one involving 
penetration at 115° F., have been plotted in figures 7 
and &. In these figures, the slope of the log-penetra- 
tion-temperature curve, which is a true index of sus- 
ceptioility, has been plotted against the other suscepti- 
bility factors. It is apparent from these charts that 
none of the empirical factors is more than an approxi- 
mate measure of susceptibility. 

While these various susceptibility factors might be 
used to advantage in controlling the uniformity of 
supply for particular jobs, a study of table 11 will 
indicate that they can be used for the identification of 
sources of the base petroleums. In many cases by 
special processing, which may be injurious to some 
asphalts, materials could undoubtedly be produced to 
meet any of the requirements that have been proposed 
for these different factors. However, since materials 
representing the most susceptible asphalts in this 
investigation have had satisfactory service behavior 
under climatic conditions as adverse as those to which 
the less susceptible materials have been exposed, it is 
felt that a designated limit for a susceptibility factor 
that restricts the use of such materials is not a rational 
requirement. 

With the few exceptions already mentioned, all of 
the asphalts had much higher ductilities than were 
required by the standard specifications. : However, 
the ductility test, as made under normal testing condi- 
tions, furnishes little comparative information on the 
ductile characteristics of different asphalts. 

In order to make a more comprehensive study of the 
ductility test, a special ductility machine was designed 
and built. The bath has approximately twice the 
length of the ordinary bath, and the temperature of the 
bath at both high and low temperatures can be con- 
trolled adequately. A wide range in the speed of pull 
has been provided. In this machine five tests may be 
made at the same time and ductilities up to 250 centi- 
meters may be measured. The design is such that 
there is little shock in starting and a uniform speed may 
be maintained during the test. 

DUCTILITIES OF ASPHALTS DETERMINED FOR SEVERAL 

TEMPERATURES 

In making the ductility tests in this investigation, 
A.S.T.M. Method D113-35 was followed, and the 
precautions as to time of cooling, and the minimum and 
maximum times at test temperatures were carefully 
observed. At test temperatures of 59° F. and higher, 
it was necessary to control the gravity of the bath 
within 0.005 of the specific gravity of the asphalt in 
order to keep the thread of asphalt in a horizontal plane. 
The lower test temperatures were maintained by ice, 
and at 32° F. both ice and salt were used. The large 
capacity of the bath made it possible to control its 
temperature within +0.9° F. at the test temperatures 
of 32°, 39.2°, and 41° F. without disturbing the thread 
of asphalt by any movement of the ice. 
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oF 50-60 PENETRATION ASPHALTS. 

From the time that the ductility test was first sug- 
gested as a control test for asphalt cements, arguments 
have been advanced for and against the adequacy and 
value of the test. Even after requirements for ductility 
had been generally adopted for specification purposes, 
the differences of opinion continued and, although a 
test method was first proposed by the A.S.T.M. in 
1921, it was not finally adopted as a standard until 1935. 

For many years, the test has been made at 77° F. 
with a rate of pull of 5 centimeters per minute, although 
in recent years other temperatures have been used. 
In this study all the asphalts were tested at a standard 
temperature of 77° F., and at the low temperatures 
which have been most frequently proposed, 32° and 
39.2° F. At 39.2° F. three rates of pull were used and 
two rates of pull at 32° F. The results are shown in 
table 12. 

In order to determine the effect of temperature and 
rate of pull on ductility, 14 materials of the 50-60 
grade were selected for special study. These asphalts, 
where possible, were materials of high and low duc- 
tility at 77° F. from each of the sources. The values 
for tbe ductility of these selected asphalts are given in 
table 13, and the data are shown graphically in figures 
9 and 10. 

Figure 9 shows the effect of temperature on the 
ductility when the rate of pull is 5 centimeters a minute. 
Figure 10 shows the same data except that the pene- 
tration of the asphalt at the test temperature has, been 

plotted against the ductility of the asphalt at the same 
temperature. 

Figure 9 shows that there is a definite temperature 
at which all the asphalts had a maximum ductility. 
Although this is indeterminable for several of the 
materials because their ductility exceeded 250 centi- 
meters, in general it ranges from approximately 68° F. 
for sample 2 to over 95° F. for samples 16, 20, and 33. 
Sample 2 showed the most rapid change in ductility 
with increase in temperature. This material had no 
measurable ductility at 41° F., 19 centimeters at 50° F., 
and 250 centimeters plus at 59° F. At 77° F., it still 
had a ductility of 250 centimeters plus. The other 
asphalts, except samples 8, 16, 20, and 33, had a rela- 
tively low ductility up to 59° F. and then the ductility 
increased rapidly between 59° F. and 77° F. Asphalts 
8, 16, 20, and 33 had a more gradual increase in duc- 
tility with rise in test temperature up to 95° F. With 
the exception of samples 8, 16, 20, and 33, the curves 
indicate that at temperatures higher than 95° F. the | 
ductilities of all the asphalts decreased rapidly. 

As shown in figure 10, the susceptibility of the indi- 
vidual asphalts to changes in temperature tended to 
alter somewhat the shape of the curves. It will be 
seen that sample 2 retained a very high ductility at a 
penetration much lower than any of the other asphalts. 
From a penetration of 16 to a penetration of 200 this 
material had a ductility of more than 100 centimeters. 
With a decrease in penetration below 16, however, this 
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material showed an abrupt loss in ductility. These 
curves indicate that while asphalts may have identical 
ductilities when tested at one consistency, they may 
differ widely when tested at another consistency. The 

curves show that both the source and the processing 

have a pronounced influence on the ductility character- 
istics of the asphalt. 

DUCTILITIES OF ASPHALTS AT LOW TEMPERATURES GREATLY 

INFLUENCED BY RATE OF PULL 

The data shown in table 14 and plotted in figure 11 

indicate that the ductility test can be used to identify 

the source of the base material and the uniformity of 

the refining process. An entire set of Mexican asphalts, 

of which the 50-60 and 85-100 penetration asphalts 

identified as sample 10 were a part, was tested for pene- 

tration and ductility at various test temperatures. 

The penetrations of the asphalts at the temperature of 

the ductility tests were measured at 59°, 77°, and 95° F’., 

and values at 50°, 68°, and 86° F. were taken from 

the temperature-penetration curves. The slope of 

_ these penctration-temperature curves was the same for 

all the grades. The data and the curve show that the 

ductilities of the asphalts in this set were essentially the 

same when the penetrations of the materials at their 

respective test temperatures were the same. This fig- 

ure further shows that ductility is dependent upon the 

consistency of the material at the test temperature. 

In order to determine the effect of the rate of pull on 

the ductility of asphalts, a study was made of the 

fourteen 50-60 penetration asphalts previously men- 

tioned. Preliminary tests indicated that a test temper- 

ature somewhat lower than 77° F. would provide a 

much better comparison, and the temperature of 59° 

F. accordingly was selected. The rates of pull were 10, 

7.5, 5, 2.5, and 1 centimeters per minute. The data 

are given in table 13 and the results obtained on the 

individual materials are plotted in figure 12. Sample 

2 had ductilities greater than 250 centimeters for all 

rates of pull. Asphalts 8, 16, 20, and 33, all of which 

had ductilities under 70 centimeters in the standard 

test at 77° F. showed relatively small increases in 

ductility as the rate of pull was decreased. All of the 

other samples had appreciably higher ductilities at rates 

of pull of 2.5 and 1 centimeters. Sample 14 showed 

the greatest increase in ductility at 5 centimeters over 

that at 10 centimeters, and at a rate of 2.5 centimeters 

this material had the highest ductility of all samples 

except sample 2. 
The tests made on these asphalts, to show the effect 

of temperature and rate of pull on their ductility, 

indicate that there were inherent differences in these 

materials that were not made evident by the routine 

tests for ductility. Whether the ductility tests made 

under various temperature conditions and at different 

rates of pull are of any practical significance it 1s impos- 
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TABLE 12.—Ductility and toughness tests on the 50-60 and 85-100 penetration asphalts 
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Figure 12.— RELATION BETWEEN DUcTILITY AND Rats oF PULL OF SELECTED SAMPLES OF 50-60 PENETRATION ASPHALTS TESTED 
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TABLE 13.—The effect of varying the temperature of test and the | Taste 14.—The ductility-penetration relationships of various 
rate of pull on the ductility of selected samples of 50-60 pene- 
tration asphalt 

grades of Mexican asphalt under variable temperature test 
conditions 

Ductility, 5 cm. per minute ! Ductility at 59° Fil 

Sample 10 5 2.5 1 
No. AGATE eAG. | eAt a  ALa|| AbG.1 SAG | At em: |} emo em im cits 

39.2° | 41° | 50° | 59° | 68° | 77° | 86° | 95° | per | per | per | per 
F, Beeie es F, F, | F. | F. | F. | min-| min- | min- | min- 

ute | ute | ute | ute 

Cm. | Cm.| Cm.| Cm. | Cm.| Cm.| Cm.| Cm.| Cm. | Cm, | Cm. | Cm. 
Bie age 0 0 19.0 | 250+-|250+-|250+-|180 114 |250-+ |250-+- |250-+ | 250-++ 
idee 0 0 6.4 | 16.0 |118 |250+-|219 161 | 15.0 | 16.0 |100.0 | 250+ 
a 3.5 | 4.3 | 5.8 9.3 | 27 68 |106 115 8.5 9.3 | 18.0 28.0 
‘j= 0 5.3 | 7.8 | 32.0 |178 |218 |248 208 | 19.0 | 32.0 | 80.0 | 136.0 
pv ee 0 0 7.5 | 48.0 |250-++-|250-++]155 115 | 17.3 | 43.0 |125.0 | 200-+- 
UG) a ee 3.7 | 4.5 | 6.5 | 11.0 | 20 57 |102 117 8.5 | i1.0 | 14.0 23.3 
7.1 ope 3.6 | 4.0 | 4.5 6.5 | 11 36 73 102 5.8 6.5 9.5 11.5 
(a | Ee ee 3.8 | 4.0 | 6.0 | 12.3 | 79 {232 |178 143 | 10.8 | 12.3 | 24.0 57.0 
ee ee 3.8 | 3.8 | 5.7 9.7 | 438 |226 |162 141 9.5 9.7 | 21.5 48.0 
Yash Se ee 0 0 6.3 | 14.0 |180 |244 {250+-] 217 | 13.4 | 14.0 | 32.0 56.0 
pS aaa 0 0 6.0 | 11.8 | 45 |159 /|183 159 9.6 | 11.8 | 16.5 25.0 
ce jee pene 0 3.0 | 4.0 7.8 | 16 27 90 143 7.0 7.8 9.0 9.3 
i ae ee 0 0 4.0 8.3 | 45 |121 |218 168 7.0 Seon lpelap 98.0 
AQ roms Soe: 0 6.0 | 15.0 | 88 |250+|240 138 | 10.5 | 15.0 | 25.5 70.0 

Temperature of test 

50° F. 59° F. GSCoR Ne Zend amie SG ea) 9S e) 

Penetration grade a 4 # = & a 
Ss © i Ss SSP Thee gl Mae 

Se rasa Re Sa sited Psa sy.|) es aires 
o i Oo ae oO 3 o a o ~ D ao 

ga/s3/81si18/s8 /8]s/8!158/8/38 
See ee es eal es ab A ei Ar A 

Cm. Cm. Cm. Cm. Cm. Cm. 
20-30 Fees A 6| 0 9| 5 15} 11 23) 75) 36] 195) 55] 192 
S040 See see eee 10} 6 16) 14 24! 91 38} 194) 59] 185] 90! 170 
50-60 ee = ee eae 15) 10 23) 87 85/178 55) 215} 85) 190) 1382} 150 
60=7 OSS Eee ee ee 17) 21 26,107 41/194 64] 225; 100) 193) 155) 142 
10-50 Baoan eee eee 20} 38 31/154 47)245 74; 197! 115} 147| 179] 126 
S5=100E bet eee eee 24! 64 37205 57/218 89} 192) 139) 145) 218) 126 
LOO=120 Beas = re 26| 99 41 250+-| 64/250-+-| 100] 197| 155) 134) 240) 101 
20 OD Ree eee oe ae, 36 193 56 210 87|210 135] 153} 210) 119) 330} 85 
50 -L S02 sae eer see ese Pee 42 215 65 233 102/192 160} 135] 250) 104) 390} 76 
LS0=200 2 eee See es bela 75|217 117)|160 182} 134] 283) 95) 442) 62 

1 Results are averages of 2 or more tests. 

sible to say, but the data and graphs indicate that the 
test as made under the usual standard conditions is not 
a good index of the ductile properties of the individual 
asphalts. 

In 1927, W. F. Smith,® of the Oklahoma State High- 

6 Low Temperature Ductility of Filler Grade Asphalts. A, S.T.M. Proceedings, 
vol. 27, pt. II. 1927, 

1 Penetrations taken from log-penetration-temperature curves. 

way Commission, proposed that the ductility test be 
made on filler-grade asphalts to eliminate materials 
that were extremely brittle at low temperatures. He 
suggested that the test be made at a rate of pull of 5 
centimeters per minute at a temperature of 32° F. 
Under these conditions, however, many of the test 
specimens were broken at the start of the test. For 
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many years the California Division of Highways speci- 
fied a ductility test on 95+ road oil to be made at 34°- 
35° F. and at a rate of pull of 5 centimeters per minute. 
No difficulty in testing was experienced with this type 
of material since it was relatively soft at the test 
temperature. Tests at 34°-35° F. and at the rate of 
5 centimeters a minute were made for many years on 
asphaltic residues of 80 and 100 penetration, but 
slightly lower penetrations of the residues at 77° F. 
often resulted in the breaking rather than in the elonga- 
tion of the specimens. 
+» In more recent years, the rate of pull of 5 centimeters 
per minute and temperature of test of 32° F. have been 
suggested for testing asphalt cements, but the failure 
of such a large number of materials to pull without 
snapping has resulted in increasing the temperature 
slightly, in decreasing the rate of pull, and in some cases 
doing both. The decrease in the rate of pull is intended 
to reduce the initial shock to which the specimens are 
subjected when the test is started. 

Tests made at 39.2° F., 5 centimeters a minute, to 
meet the specification limit for ductility of one-tenth 
the penetration minus 1 or one-tenth the penetration 
have been criticised by W. H. Flood’ because of the 
small range in values obtained, the assumed relation- 
ship between ductility and penetration, and the dif- 
ficulty of maintaining a constant temperature during 
the test. He has suggested that a ductility test at 60° 
F. at a rate of pull of 5 centimeters a minute would be 
preferable to the low temperature test or to the normal 
test at 77° F. which, in most cases, gives high ductilities 
of little values for comparative purposes. However, 
the data given in table 13, and shown in figures 9 and 
10, indicate that there would be considerable difficulty 
in designating an intermediate temperature and specify- 
ing test limits that would be adequate for evaluating the 
essential characteristics of asphalts intended for various 
uses. 

Ductility at low temperatures —All of the asphalts 
were tested for ductility at 39.2° F. with rates of pull 
of 5, 1, and \ centimeter per minute. ‘Tests were also 
made at 32° F. with rates of pull of 1, and 4 centimeter 
per minute. The results of these tests are given in 
table 12. 

As can be seen from this table, a ductility requirement 
at 39.2° F., 5 centimeters per minute, of one-tenth the 
penetration is highly restrictive. None of the asphalts 
of the 50-60 grade and only one of the 85-100 penetra- 
tion grade would meet this requirement. A require- 
ment of one-tenth the penetration minus 1 would permit 
only three of the 85-100 penetration materials to pass 
and none of the 50-60 asphalts. 

Although a speed of 1 centimeter per minute has had 
little use as a specification requirement for ductility 
tests made at 39.2° F. or 32° F., the ductility of both 
grades of asphalt at this rate of pull and at these two 
temperatures are reported for comparative purposes. 
At 32° F. and a speed of 1 centimeter per minute, a 
requirement of one-tenth the penetration at 77° F. 
would eliminate all asphalts of both grades and a re- 
quirement of one-tenth the penetration minus 1 would 
eliminate all but one 50-60 and three 85-100 penetra- 
tion asphalts. At 39.2° F. and a speed of 1 centimeter 
per minute, a requirement of one-tenth the penetration 
at 77° F. would eliminate 26 of the 50-60 and 11 of the 
85-100 grades, and for a requirement of one-tenth the 

7 Ductility at Low Temperatures. Proceedings of the Association of Asphalt 
5 Paving Technologists. January 1935. 

penetration minus 1, nine 50-60 and eight 85-100 
asphalts would fail. 

DUCTILITIES DEPENDENT ON BASE PETROLEUM AND PROCESSING 

A rate of pull of 4 centimeter per minute has been 
used at temperatures of both 32° and 39.2° F. Re- 
quirements of one-tenth the penetration at 77° F., and 
one-tenth the penetration minus 1 have been used 
where 32° F’. has been designated as the test tempera- 
ture. For the test temperature of 39.2° F. a ductility 
requirement of one-tenth the penetration at 77° F. has 
been used. 

Of the 50-60 penetration asphalts tested at 39.2° F., 
% centimeter per minute, there were five that failed to 
meet the requirement of one-tenth the penetration at 
77° F. Four of these were within 1 centimeter of the 
required ductility. The ductility of sample 39 was 
2.7 centimeters below its required minimum. Of the 
85-100 penetration asphalts, there were three ma- 
terials that failed to meet this requirement. These 
were samples 24, 33, and 36 which were 1.6, 0.8, and 
2.2 ‘centimeters, respectively, below the calculated 
minimum requirements. 

When the ductility is determined at 32° F., \ centi- 
; meter per minute, a specification requirement of either 
one-tenth the penetration at 77° F. or one-tenth the 
penetration at 77° F. minus 1 becomes highly restric- 
tive. With a decrease of only 7.2° F. in test tempera- 
ture from 39.2° to 32° F., 33 asphalts of the 50-60 
grade failed to meet a requirement of one-tenth the 
penetration asfcompared to only 5 that failed when 
tested at 39.2° F. With the test temperature at 32° F., 
22 failed to meet the requirement of one-tenth the pene- 
tration minus 1. This lower test temperature would 
cause the rejection of the California asphalts which 
showed ‘unusually high ductility at 39.2° F. as well as 
a majority of the mid-continent asphalts which were 
slightly fabove the minimum test requirement for 
ductility at this rate of pull at the slightly higher 
temperature. 

Of the 85-100 penetration asphalts, 18 would fail to 
meet a requirement of one-tenth the penetration as 
compared to only 3 that failed when tested at 39.2° F. 
For this grade, 14 materials failed to meet the require- 
ment of one-tenth the penetration minus 1. Seven- 
teen of the 18 asphalts of the 85-100 grade that failed 
to have a ductility equal to one-tenth the penetration 
were from the same source as the 50-60 asphalts that 
would fnot meet a similar requirement. Ten of the 
fourteen materials of the 85-100 grade that failed to 
meet a requirement of one-tenth the penetration minus 
1 were also from the same source as the 50-60 asphalts 
failing to meet a similar requirement. 

One of the most interesting points in this ductility 
study is the behavior of four of the five California 
products, samples 1, 2, 3, and 4. The samples of the 
85-100 grade had extremely high ductilities at 39.2° 
and 32° F. at a rate of pull of \ centimeter per minute, 
and at 39.2° F. when pulled at 1 centimeter a minute. At 
32° F., 1 centimeter per minute, the materials would not 
elongate. The 50-60 grades of the California materials 
had slightly higher values than any of the other samples 
when pulled at 1 centimeter per minute at 39.2° F., 
and they were many times more ductile when pulled at 
¥ centimeter a minute. At 32° F., they broke when 
pulled at a speed of % or 1 centimeter per minute. 
Both grades of sample 5, which had a ductility at 77° F. 
approximately the same as the other four California 
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asphalts, showed a decidedly different behavior than 
the others when tested at 4 and 1 centimeter a minute 
at 39.2° F’., and the 85-100 sample showed a difference 
when tested at % centimeter a minute at 32° F. 

In these low-temperature tests there is apparently 
no relation between the ductility, the temperature, 
or the rate of pull that is common to all the asphalts or 
to the asphalts from a particular source. The charac- 
teristics shown by these ductility tests are probably 
due to the properties of the base petroleum and process- 
ing of the particular asphalts. 

TOUGHNESS TEST USED TO MEASURE BRITTLENESS AT LOW 
TEMPERATURE 

Toughness Test—The toughness test for asphalt 
cements was first used by the New York Department 
of Public Works in 1911 as a specification requirement 
for the control of asphalts for asphalt-bound macadam.® 

The 1932 specifications of the department contained 
a clause that required 50-65 and 85-100 penetration 
asphalts to have a minimum toughness of 10 and 100- 
110 penetration asphalt to have a minimum toughness 
of 15. The test is now made on a cylinder of asphalt 
1% inches in diameter and 1% inches high. The test 
procedure is as follows: 

The material to be tested is melted at the lowest 
possible temperature, and poured into a specially 
constructed split mold which has previously been 
amalgamated. The filled mold is allowed to cool to 
room temperature and then chilled to 32° F. (0° C.). 
The excess material is then cut from the top by a 
heated knife and the specimens removed from the mold. 
These are then maintained at 32° F. (0° C.) for 1 hour 
before testing. 

The specimens are tested in a Page impact machine, | 
which is the same as used in the Standard Method of 
Testing for Toughness of Rock, A.S. T. M. Specifica- 
tion D 3-18. A special bath is so constructed that it 
rests flat on the anvil of the Page impact machine and 
is braced by three legs that rest upon the base. The 
bath is of such depth that when filled with ice and water 
the specimen is completely covered, assuring a tem- 
perature of 32° F. (0° C.) during the test. A patch of 
paper approximately 1 inch square is placed between 
the plunger of the impact machine and the cylinder of 
asphalt being tested. In testing bituminous materials 
the 2-kilogram hammer is allowed to drop 5 centi- 
meters onto the intervening plunger for the first blow 
and the drop is then increased 5 centimeters for each 
succeeding blow until rupture of the specimen occurs. 
The height from which the hammer falls when rupture 
occurs is the numerical value for the toughness of the 
material under test. 

The toughness test values of the 50-60 and 85-100 
penetration asphalts are given in table 12. The results 
shown are the average values for two tests. These 
values ranged from 5 to 22.5 with an average of 11.7 
for the 50-60 grade and from 5 to 35 with an average 
of 13.1 for the 85-100 grade. Based on the minimum 
requirement of 10 as used in the New York State 
specification, there were 9 samples of the 50-60 and 5 
samples of the 85-100 penetration asphalt that would 
not pass the test. A comparison of the results for the 
two penetration grades shows that 13 asphalts of the 
85-100 grade had lower and 19 had higher values for 
toughness than asphalts from the same source in the 

§ Method of Determining the Toughness of Bituminous Materials. J. E..Meyers, 
Engineering Record, vol. 67, No. 3, January 18, 1913. 

50-60 grade. The test was devised to identify and 
restrict the use of the type of asphalts that are brittle 
at low temperature. It may be noted that asphalts of 
the same consistency at the test temperature of 32° F., 
as measured by the penetration test, vary greatly in 
toughness. 
__In table 15, the results of tests that are essentially 
identification tests of source or processing are given 
for both grades of asphalts. Tests for solubility in 86° 
B. naphtha, the solubility in ethyl ether, and the fixed 
carbon content, while not in general use, are still 
required by a few specifications. The determination 
of the percentage of sulphur has been included in some 
specifications to control more definitely the source of 
the base petroleum. The Oliensis spot test has been 
used to indicate the presence of cracked materials, and 
the film test has been proposed as an accelerated test 
of the weather-resistant property of asphaltic materials. 
A brief discussion of these tests will be made and the 
effect of the proposed requirements on the rejection or 
acceptance of the asphalts in both grades will be noted. 

SPECIAL TESTS USED TO IDENTIFY SOURCE OR PROCESSIN 

Solubility in 86° B. naphtha.—Many of the specifica- 
tions of earlier years contained clauses limiting the per- 
centage of bitumen insoluble in 86° B. naphtha, and 
the fixed carbon in asphaltic materials. These con- 
stituents are dependent on both the base petroleum and 
the processing. While they may have value as identi- 
fication tests and in controlling uniformity of supply, 
the much greater number of base petroleums now in 
use, together with the present wide variation in refin- 
ing processes, have somewhat impaired their usefulness 
for these purposes. 

Only one State specification for 50-60 asphalt carries 
a requirement for the percentage of bitumen insoluble 
in 86° B. naphtha. The limits set by this State of 
15 to 29 percent would cause the rejection of the five 
California asphalts that were low in asphaltenes, and 
five other materials that had values over the maximum 
limit. For the 85-100 penetration grade, the same 
limits would also reject the five California asphalts, 
the Colombian asphalt, and two mid-continent asphalts 
that had similar characteristics. These eight 85-100 
materials had a low percentage of asphaltenes. 

Fized carbon.—Only one State has employed the fixed 
carbon test for the purpose of controlling asphalt 
cements. The requirement stipulated that the bitu- 
men should show between 8 and 17 percent fixed carbon. 
Four of the five California asphalts of both grades had 
less than 8 percent fixed carbon and were the only 
materials failing to meet this specification. For as- 
phalts from the same source, the percentage of asphal- 
tenes tended to increase as the percentage of fixed 
carbon increased. As indicated by figure 13, however, 
there was no definite relationship between the fixed 
carbon and the organic matter insoluble in 86° B. 
naphtha for these materials as a group. 

Solubility in ethyl ether—One of the reasons for the 
discontinuance of the test for solubility in 86° B. 
naphtha was the inability to obtain a uniform supply 
of the naphtha. One State has substituted ethyl ether 
which is a definite chemical compound having uniform 
and unchanging properties. The requirement of this 
specification for solubility in ethyl ether limits the per- 
centage of insoluble matter to a maximum of 25 per- 
cent. Table 15 shows that all of the asphalts in this 
study had less than 25 percent insoluble matter. 
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TaBLE 15.—Chemical and special tests on the 50-60 and 85-100 penetration asphalts 
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1 Maximum value same as spot with 100 percent xylene. 

Figure 14 indicates an approximately straight line 
relationship between the percentage of organic matter 
insoluble in ether and the percentage of organic matter 
insoluble in 86° B. naphtha for both grades of asphalt. 

Sulphur content—Although a number of specifica- 
tions have carried a requirement that the sulphur con- 
tent of asphalt cements should be more than 3 percent, 
no logical reason has been advanced for such a provi- 
sion. Victor Nicholson® stated that in 1915 the 
Bureau of Streets of Chicago found it was possible to 
obtain inferior pavements with some asphalts meeting 
the specifications of the American Association for the 
Standardization of Paving Specifications. He added 
that the shortcomings in these specifications were over- 
come by altering several clauses and by the insertion 
of a requirement that the sulphur content should be not 
less than 3 percent. 

In his discussion of the sulphur requirement, no direct 
evidence was offered by Nicholson to show the supe- 
riority of pavements containing asphalts of high sulphur 
content. He did attempt, however, to correlate the 
sulphur content with other physical properties of the 
materials. He concluded that the sulphur content 
has considerable influence on the viscosity of the 
asphalts as indicated by the values of the fluidity factor 
and float test. He stated that the consistency, as 
represented by the fluidity factor, did not vary directly 
with the sulphur content, but that asphalts having 

° The Sulphur Requirement, Proceedings of Association of Aspha}t Paving Technol- 
gists. January 1935. 

over 3 percent sulphur had fluidity factors over 130. 
The fluidity factor can be altered to a considerable 

extent by blowing and blending, and the observations 
of Nicholson are only partially corroborated by the 
sulphur determinations made on the asphalts of this 
investigation, the data for which are shown in table 15. 

Nineteen materials of the 50-60 grade had sulphur 
contents of less than 3 percent, and 5 of these had fluidity 
factors of more than 130. Twenty materials had more 
than 3 percent sulphur and 7 of these had fluidity 
factors of less than 130. In the 85-100 penetration 
grade, 25 of the materials had sulphur contents lower 
than 3 percent, and in no case was the fluidity factor 
over 130. Nine of the 15 asphalts having more than 3 
percent sulphur had fluidity factors less than 130. 

In 29 cases, the asphalts of the 50-60 grade had 
higher percentages of sulphur than the corresponding 
asphalts of the 85-100 grade. The 85-100 grade of 
samples 5 and 18 were the only materials that had 
appreciably higher sulphur contents than the 50-60 
asphalts from the same source. Both grades of sample 
35 and the 50-60 grade of sample 36, had essentially the 
same sulphur content, yet the 85-100 grade of sample 
36 had a decidedly lower sulphur content. These 
asphalts were from the same producer, who used crude 
petroleum from several sources; and the sulphur con- 
tents, as well as the other test data, indicate that the 
two grades of sample 36 were refined from different base 
petroleums. 

Nineteen of the 50-60 asphalts and 25 of the 85-100 
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Figure 13.—RELATION BETWEEN FIXED CARBON AND ORGANIC 
Marrer INSOLUBLE IN 86° B. Napurua oF THE 50-60 AND 
85-100 PENETRATION ASPHALTS. 

penetration asphalts would fail to meet a specification 
requirement of 3 percent or more. 
California asphalts of high sulphur contents, those 
represented in this study would not meet this require- 
ment. Many mid-continent products would also be 
rejected. While it is generally considered that the 
sulphur requirement was introduced in specifications to 
insure the use of Mexican asphalts, a minimum limit 
of 3 percent will permit the use of asphalts refined from 
Venezuelan, Arkansas, Texas, and Wyoming petro- 
leums. However, as shown in figure 15, a sulphur 
requirement is essentially an identification test of 
source. 

SEVEN OF THE ASPHALTS HAD XYLENE EQUIVALENTS OVER 40 

Reaction to Oliensis test—The Oliensis spot test 1° has 
been used for several years as a means for determining 
if asphaltic materials have been overheated or cracked 
during the refining process. As initially proposed, the 
test served only as a means to identify overheated or 
cracked materials. In 1936,!! the test was improved so 
that, within certain limits, a quantitative measure of 
the degree of heterogeneity may be determined. 

Since the development of the Oliensis test several 
States have included a requirement for a spot test jn 
their specifications for asphaltic materials. In order 
to determine the reaction of these asphalts to the 
Oliensis spot test, they were all tested qualitatively and 
those that gave positive spots were tested with both 

10 A Quality Test for Determining the Degree of Heterogeneity of Asphalts, by 
G. L. Oliensis, Proceedings, A. S. T. M., vol. 33, pt. 2, 1933 
1A Further Study of the Heterogeneity of Asphalt—A Quantitative Method. 

By G. L. Oliensis, Proceedings, A. S. T. M., vol. 36, pt. 2, 1936. 
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gilsonite and xylene, as homogenizers. The results of 
these tests for both the 50-60 and 85-100 penetration 
asphalts are given in table 15. This table gives the 
character of the spot, and the gilsonite and xylene 
equivalents of those samples showing a positive spot, 

There were 14 asphalts of the 50-60 grade and 15 
asphalts of the 85-100 grade that gave positive spots 
with the standard naphtha. Both grades of the 
asphalts from the same source gave similar spots in 
most instances, although the 50-60 grades of samples 
37 and 38 were positive and the 85-100 grades were 
negative. In the two grades of samples 5 and 19, the 
asphalts of 85-100 grade only were positive. Sample 
29 was not represented in the 50-60 asphalts. 
A heterogeneous asphalt, one giving a positive spot, 

may be made to appear homogeneous, having a negative 
spot, by the use of various homogenizers."' As in- 
dicated in table 15, the addition of relatively small 
amounts of gilsonite in some instances will make the 
asphaltic material show a negative spot. In other 
cases, the quantity of gilsonite necessary to produce 
a blend showing a negative spot is far too great to make 
its use profitable. However, the addition of homo- 
geneous asphaltic materials to mask the presence of 
heterogeneous materials has been noted, and such 
blends obviously defeat the purpose of the Oliensis test. 

The solvent xylene, when used“as”'a” homogenizer 
in varying proportion with the standard naphtha, 
gives a measure of the degree of heterogeneity of as- 
phaltic materials. The values for xylene equivalents 
in table 15 can be considered as indicating the relative 
heterogeneity of these materials. 
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Of the 14 asphalts of the 50-60 penetration grade 
that were heterogeneous, 3 had xylene equivalents of 
less than 16 and 3 that were greater than 60. Of the 
15 heterogeneous asphalts of the 85-100 penetration 
gerade, nine had xylene equivalents of less than 16 and 
two were higher than 60. Samples 33 of the 50-60 
grade and 29 and 33 of the 85-100 grade gave positive 
reactions with 100 percent xylene, but the maximum 
values reported are the minimum amounts of xylene 
in the xylene-naphtha solvent that gave a spot of the 
same intensity as when xylene alone was used as 
solvent. 

A comparison of the asphalts of the two grades shows 
that 11 asphalts of the 50-60 grade had higher xylene 
equivalents than the corresponding asphalts of the 
85-100 penetration’ grade. This would seem to indi- 
cate that under uniform refining conditions the develop- 
ment of heterogeneity in the residual asphalt progresses 
as the material becomes harder. Table 16 shows the 
distribution of the materials having positive spots 
according to the process used in manufacture. 

Film test—In 1937, J. R. Benson, of the State 
Highway Commission of Kansas presented two 
papers,” *? describing the possibilities of the so-called 
film test as an accelerated weathering test for asphaltic 
materials. In these papers the author showed the 
reaction of translucent asphaltic films approximately 
0.001 inch thick when exposed to six artificial weather- 
ing conditions. The physical changes due to the 
various types of exposure were determined by direct 
observation under the microscope. The test procedure 
is as follows: 

The film of asphalt to be tested is spread on a 1- by 
3-inch glass microscope slide by means of a special 

12 A Study of Translucent Asphaltic Films, Proceedings, Highway Research Board, 
vol. 17, December 1937. 

183 Microscopic Reactions in Translucent Asphaltic Films. Proceedings of the 
Association of Asphalt Paving Technologists. vol. 9, December 1937. eee 

gage so constructed as to give a film approximately 
0.001 inch thick. The slide is then placed horizontally 
in a constant-temperature oven maintained at 325° F. 
After 5 hours the slide is removed from the oven, 
cooled to room temperature, and examined under a 
microscope at a magnification between 200 and 360 
under transmitted light. If the film is clear the slide 
is again placed in the oven at 325° F. and exposed for 
a total of 24 hours. 

TaBLE 16.—The refining process in relation to the xylene equivalents 
of the heterogeneous asphalts 

Xylene equiva- 
lent 

Sample No. Refining process 

50-60 | 85-100 
grade | grade 

(ie ee een ee Fa See 0-2 | Vacuum distillation. 
825.4 eee 20-24 | 24-28 | Unknown. 
1 ae Da. eh 28-32 2-4 | Fire and steam distillation. 
15). oe oe ee 24-28 2-4 | Steam distillation. 
L622) 2 ee 28-32 2-4 0. 

Vacuum distillation. 
Unknown. 
Vacuum distillation and oxidation. 
Unknown. 

Do. 
Cracking process. 
Fire and steam distillation. 

Do. 
Unknown. 

Do. 
Do. 

Cracking process. 

1 Maximum value same as spot with 100 percent xylene. 

ONLY ASPHALTS HAVING HIGH XYLENE EQUIVALENTS FAILED TO 

PASS FILM TEST 

The condition of the film after the 5- and 24-hour 
periods is determined as either clear or coagulated. A 
film is said to be clear when it presents a smooth surface 
and shows no change in condition other than hardening. 

a eS 
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A film is said to be coagulated when it develops a lacy 
or granular structure, with the asphalt often appearing 
to have separated into two distinct components, one 
light and the other dark. 

Although the work done by Benson has been largely 
on materials of the liquid asphaltic type, it was decided 
to observe the behavior of the various asphalt cements 
of this investigation when subjected to the film test as 
required in the Kansas specification. The results of 
film test for the 50-60 and 85-100 penetration asphalts 
are given in table 15. Of the 50-60 grade, samples 23 
and 33 showed definite coagulation at the end of the 
5-hour and 24-hour periods. Of the 85-100 grade these 
same asphalts, together with sample 29, also showed 
coagulation at the end of the 5-hour and 24-hour test 
periods. Sample 40 in both grades showed coagulation 
at 24 hours but not at 5 hours. These seven asphalts 
showed the highest degree of heterogeneity as rated by 

ae ae test, all having xylene equivalents in excess 
of 44. 

Table 17 shows the asphalts that failed to meet 
the special requirements that have been discussed. It 
indicates that, in general, the 85-100 penetration 
asphalts fail in a lesser number of tests than the 50-60 
asphalts. The 85-100 asphalts could not be tested for 
penetration under normal test procedure at 115° F., 
50 grams, 5 seconds, so that the susceptibility factor 

penetration 115° F., 50 gm., 5 sec.— penetration 32° F., 200 gm., 60 sec. 

penetration 77° F., 100 gm., 5 see. 

was not determined for this grade. The float-test 
index was specified only for asphalts having penetra- 
tions at 77° F. of from 40 to 70 and the designated 
specification requirement is not applicable to the 85-100 
penetration asphalts. 

TABLE 17.—Identtfication ! of ihe 50-60 and 85-100 penetration asphalts which fail to meet special test requirements 

ee Fic Organic 
7 © 115° F.— . 32° tility 3 o ility _ | matter 

Special |Fluidity| Float- | Fen. 39.2° F: | Pen. 115° F.—Pen. 32° F.| at 39.90 | Ductility at 32° | ,1'g9 50 | Tough-| “nsol- | a Film | Oliensis test © ° F., 44 cm. per - ness Fixed | Sulphur test factor | index Pen. ta F. Pen. a F. F., 4% dara F., 5 Feb) DIE dD. conan p test test Num- 
(?) ) cm. per em. per 6° B. ber of 

minute minute naphtha tests 
cee wee ee ll te ee Pe | ee Se ee eee ee ee a |e ee ee ol ee each 

sample 
oe y Lee Shal] | fails to 

oe Yo pen. | 749 BEB! 149 pen. | Mo pen 16-29 ||| S178 (3.04: show | Pass 
ed 1a + B07; percent ed at 77°F. enue ai Eat: F 10+ percent | percent | percent able negative 

ment i spot 

Pene- | 50 | 85 | 50 | 85 50 to | 85 to 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50 | 85 | 50} 85 
tration | to | to | to | to 60 100 50 to 60 85 to 100 to | to | to | to | to | to | to | to} to | to | to | to | to | to | to | to | to | to | to | to} to | to 
grade | 60 | 100] 60 | 100 60 | 100} 60 | 100) 60 | 100! 60 | 100} 60 | 100} 60 | 100} 60 | 100} 60 | 100} 60 | 100} 60 | 100} 60 | 100 

11 ih 
11 5 
11 6 
11 6 
9 7 
6 5 
2 0 
7 5 
3 1 
2 1 

eae 1 
1 1 
4 A 
5 3 
6 3 

5 4 
4 3 

eae) ee ee | | Se 3 1 
ee bee 5 5 

eS ae 5 4 
ewe eae bore os 5 2 

3 2 

10 8 
6 5 
7 7 
8 5 

ee 6 5 
Dg eae x x 7 6 

are > Chale ec i>. Sale ae 9 
oe | be See AN IL BPE (RR 0k ae |e: 5 
x x i Ol Wn a | Oe | 4 
5 Al 5.6 Sh get |e al a a el OM lee ty eet ea) ee |e ee 7 5 
>. Glos pf ee ee Ee a ee a ee x Xelex x x x 9 8 
ve x bail es ee | oan fe eteey ef |e ee | eel ee HAG 3 22) x 5 5 
EE ae >. | ae be ee Be Ere ne | eee x 5 || | pee oe ale 3 
x x Xie ees ee fee ASSEN NE ers (I >| eee alae eal x 7 7 
de || be po | (i | Se (Sea 1S ee Se eS SL Gali ot LOR Mae 2 Lede 3 4 
x x eg | ee ees Pee | ee ee Pee ok Soe ees Pea Sele Ne 5 
»@ || 3 5 a de S Ph oe i ie ie ae IE a ee 2 | alex x 9 6 
Xo eee ke eee ecole eee jeoesicees |e x aes || exes) ce x. 16 5 

Number 
of sam 
Eee 
ailing 
each 
test...| 22 | 34 | 24|'1 4 9 27 >| So ccee eee Sal eSHae2 4 ose si 89 | s8inie | 95 || LON 8 | 44) 19) 25) 38 | 4 |.14 | 6 

| 

1 Samples marked (x) fail to meet requirement. 
3 Penetrations at various temperatures as follows: 

32° F., 200 gm., 60 sec. 

77° F., 100 gm., 5 sec. 
115° F., 50 gm., 6 sec. 

3 Penetrations not made at 115° F. on 85-100 penetration asphalts. 
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Excluding these two requirements, in 6 out of 11 
cases the 50-60 asphalts had a larger number of samples 
failing than did the 85-100 asphalts. The 85-100 
asphalts showed the higher number of failures for the 
fluidity factor, the susceptibility factor using penetra- 
tion at 77° F., 100 grams 5 seconds and 39.2° F., 200 
grams 60 seconds, the sulphur content, and the re- 
action to the film and the Oliensis test. Both grades 
showed the same number of failures for the fixed carbon 
test. 

For the 50-60 asphalts, the requirements for duc- 
tility at 39.2° F., 5 centimeters a minute, and ductil- 
ity at 32° F., 4 centimeter a minute, of one-tenth the 
penetration, the susceptibility factor involving tests at 
3 temperatures, 115°, 77°, and 32° F., the float-test 
index, and the fluidity factor, in the order named, were 
the most restrictive. The requirements for the film 
test, fixed carbon, the susceptibility factor using the 
temperatures 39.2° and 77° F., and the ductility at 
39.2° F., 4% centimeter per minute of one-tenth the 
penetration, were the least restrictive. 

For the 85-100 penetration asphalts the requirements 
for ductility at 39.2° F., 5 centimeters a minute of one- 
tenth the penetration, the fluidity factor, the sulphur 
content, and ductility at 32° F., 4 centimeter a minute, 
of one-tenth the penetration, would cause the greater 
number of rejections. The requirements for ductility 
at 39.2° F., 4% centimeter a minute, of one-tenth the 
penetration, the film test, and fixed carbon, would 
cause the least number of rejections. 

The ductility requirement of one-tenth the penetra- 
tion minus 1 at a speed of 4 centimeter a minute at 
32° F. is also highly restrictive for both grades. The 
requirement for solubility in 86° B. naphtha would 
cause the rejection of approximately one-fourth of the 
50-60 asphalts and one-fifth of the 85-100 asphalts. 
The reaction to the Oliensis spot test would reject 14 
of the 39 asphalts of the 50-60 grade and 15 of the 40 
asphalts of the 85-100 grade. 

Of these restrictive specification requirements, as a 
group, the California asphalts failed to pass the greatest 
number and the Mexican asphalts, excluding sample 
8, failed to pass the least number. The Oliensis spot 
test indicated that sample 8 had been overheated in the 
refining process. Those asphalts that show high xylene 
equivalents generally fail to pass a larger number of 
these requirements than do those that are homogeneous 
or only slightly heterogeneous. Next to the Mexican 

Vol. 21, No. 1 

asphalts in the number of failures were the Venezuelan 
asphalts with negative spots and the Arkansas products. 
The materials from the other fields showed considerable 
variation in their ability to pass these specification 
requirements. 
Among the Mexican asphalts of the 50-60 grade, 

excluding sample 8, there was one sample that failed 
one requirement, three that failed two requirements, 
and one that failed three requirements. For the other 
materials, only sample 18, Venezuelan; sample 22, 
Arkansas; and sample 37, a Mexican-Texas blend, had 
as few failures as sample 9, which failed three require- 
ments. 

In the 85-100 grade, again excluding sample 8, one 
Mexican asphalt, sample 7, passed all the special 
requirements, and four Mexican asphalts, samples 9, 10, 
11, and 12 failed to pass one requirement only. One 
Venezuelan asphalt, sample 18, failed to pass one require- 
ment, and two Arkansas asphalts, samples 21 and 22, 
failed two requirements. 

Undoubtedly the group of materials under considera- 
tion includes some asphalts representative of materials 
that have had unsatisfactory service records. How- 
ever, there are also included materials from other 
sources that have had excellent behavior under most 
severe climatic and traffic conditions. Except for 
slight deviations, all of these asphalts met the speci- 
fication requirements that have generally been con- 
sidered as standard. The failure of such a large 
number of materials from sources that have been con- 
sidered satisfactory, as shown in table 17, to pass many 
of these special requirements gives ample justification 
for all attempts to discourage the use of discriminatory 
requirements that are not true measures of quality. 

It would seem from a consideration of the known 
service performance of similar materials and from a 
study of the test data presented in this report that 
these special tests are essentially tests that assist in the 
identification of source or the method of processing or 
that they are measures of special characteristics. There 
has been no definite correlation between the test data on 
asphalts and their performance in service to indicate 
that any of the tests discussed in this report are true 
measures of quality or durability. Specifications for 
asphalt cement, therefore, will remain inadequate until 
such correlation is provided or more satisfactory tests 
are developed. 

AASHO APPROVES STANDARDS FOR PAVEMENT MARKINGS 

The article “Marking and Signing No-Passing Zones 
on Two- and Three-Lane Roads,’ published in the — 
December 1939, issue of PUBLIC ROADS, described 
the systems of marking now used by various States and 
discussed standards recommended by committees of 
the American Association of State Highway Officials. 

“A Policy on Criteria for Marking and Signing 
No-Passing Zones on Two- and Three-Lane Roads,” 
and ‘Standards for Marking and Signing No-Passing 
Zones,” as presented in the article on pages 193 and 
202, have recently been approved by the American 
Association of State Highway Officials. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 

send no remittance to the Federal Works Agency. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1939, 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part 1 . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6. . . The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 1I91IMP. . Roadside Improvement. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279MP.. . Bibliography on Highway Lighting. 5 cents. 

Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 
An Economic and Statistical Analysis of Highway-Construction 

Expenditures. 15 cents. 

Highway Bond Calculations. 

Transition Curves for Highways. 

Highways of History. 25 cents. 

10 cents. 

10 cents. 

60 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 
No. 296MP. . Bibliography on Highway Safety. 

House Document No. 272 . . . Toll Roads and Free Roads. 

Indexes to PUBLIC ROADS, volumes 6-8 and 10—19, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y . . Road Work on Farm Outlets Needs Skill and 

Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 

Act I.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act IJ.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act II].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

ns nis
m 

A complete list of the publications of the Public Roads Ad- 
ministration classified according to subject and including the 

more important articles in Pustic Roaps, may be obtained 

upon request addressed to Public Roads Administration, Willard 

Bldg., Washington, D. C. 
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