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PREFACE -

The Research.and Testing Divisi&ﬁﬁ of the Mlchigan Statg
Highway Department have collasborated in preparing a new specifi-
cation for a_leWquriﬁg liguid agphalt to be used in oll aggre~-
gate construction. A geparate report has been prepared by each
Divisioﬁ COVG?iHé pertinent regearch activitiesg and including their
propoged specification. This report cdngtitutes the work and re-—

commendatlons of the Regearch Dlvisgion.




PROPOSED SPECIFICATION
FOR
SLOW-CURING LIQUID ASPHALITC MATERIALS
Lontroduetion

From the standpoint of Michigan practice the oil aggregate
road surface was de?eloped with the idea that,-during a certain per—
iod of years after construction, it showld be poseible to correet
any irregularities in the road surface by scarifying and remeking
the existent material, perhaps with.tée additicn of slight quanti-

ieg of bituminous material. Thevefore, sny abnormal hafdening of
the bituminous mixture eithef in the road surface or in sbock plles
eptablished for'maintenanbe.purposas, is objeétionable.

- It is evident that an oil aggregate surface may change gra-
duzlly from a flexible to a semi-rigid or rigid state over = ﬁeriod
of years; The rate of t;ansformation 1lg dependent upcen the inherent
properties &nd,consjifuents of the cil sggrerate mixture.

Thus, in establishing criteria for judging bituminous ma-
terisls on the baglg of their service behavior, il is evident that
the fellowing faetors must be taken into congideration, namely, the
smount of olly constituents and thelr rate of dissipation,‘the cohg-
sive and adbesive properties of the bitumen when aged; the petrogenic
characteristics of the mineral aggregates and the inherent properties:

of the oll aggregate mixture.
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In regard to the factors set forth above the last two per-
taining to the petrogenic echaracteristics of the aggregate and the
inherent properties of the bltuminous mixture can be controlled to
a certain extent by construction practice. The characterigtics and
service behavior of the Eituminoué material can be controlled only
in so far asg specificatlions are applieable and by ths Williggﬁess
of the manufscturer to furnish satisfaciory meterizl,

It ig necespary from time to time to revise specification
limitations in order to obbain mere desirable bituminous products.
Consequently, with the thought of dmproving a specification for a
slow curing liquid asphalt, an extensive long range {ield and labo-
ratory regesrch program was inlbiated in 1936, which included a
study of glow curing asphaitic ollsg and oll asggregate bitunminous
mixtures. The study on glow curing asphaltle oils has been con-
fined %o the viscogity-temperature relaticnship and to the change
in viscoglty of biﬁuminoﬁs materisls before and after mweathering.
Aleo, a study was made of the change in congisgtency of recovered
asphaltic olls after inéor?oration in bituminous mixtures at differ-
ent ageg. This work has been sugmented by field gtudies relative
to the gervice behavier oi exisgting bituminous surfaces constructed
with agphaltic materials of the slow curing type.

It is the intent of this report to summarize hriefly the

scope and results of the bituminous researches on slow curing asphalts
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to date for the purpoge of setiing up new specification require-
mente as a means of obtaining a more uniform product and a pro-
duet which will have & slow rate of hardening 1n the rcad surface.
The repori includes such gtudles as;rthe changeg in char-
acteristics of slow curing asphalts when subjected to different
laboratory treatments; changes in characteristics of slow curing
agphalts after weathering under serviece conditicns; a condition
gurvey of existent bituminous surfsces using 80-64 bltuminous ma—
terials and a summary of date relevent to proposed chariges in spe-

eificetion for glow curing liquid asphalts.



CHANGES IN CHARACTERISTICS OF SLOW CURING ASPHALTS
WHEN SUBJECTED TC DIFFERENT LABORATORY TREATMENTS

" The purpose of the laboratory study wes to determine if
the changes which_occur in the cheracteristics gf slow-curing as—
rhaltic materials when subjected to laberatory treatments coﬁld
‘be correlated with the chsnges occuring when the weterialg are
incorporaﬂad into bituminous road surfaces.

Sixteen different asphaltic msterials of the SC-6 type
meeting Michigerd State Highway Spedifications were subjected to
the'four following treaimente; an oven velatilization test, the
A.8, T, M, distillation test; blowing with air, and ulira-violet
radiations‘by a modified wemthorometer test. After thege tréat—
ments the viscosity of the residue wes determined at 25°C and 60°¢C,
and the susceptibility computed. The data obtained from these tests
are tabulated in table I.

Oven volatilization test: The oven volatilization tegt ﬁas

conducted in the following manner; the oil was weighed out in tered
ting and then placed into an ordinery laborateory drying oven at a
constant temperature for different periods of time; i.e., 50 gre -
163°C, The tins, after removal.from the oven were cocled and weighed
and the per cent loss was'compu@ed.

Four materials, B, D, Gy J, of verying degrees of VOlatiliﬁy
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as shown by the 4.S5.T.M. distillatipn tests to be Thy 5%, 12.0% =nd
1.5% respectively, were chosen to study the effect of time on the
logs of volatile matter and consequent change in viscosity of the
regidue,

The dﬁta ghown in table 2 and.il;ustrated inAfiguresll and
2 ghows that there is a‘markéd difference between the rates of hard-
ening of the four materials snd espeecially for the twe malerisls D
and G. |

In addition to the above oven volatilization test on ma-
terials B, D, G, and J, a five hour oven test at 163°C ~ 5C grem was
performed on the balance of the sgixteen materials as a matier of
comparison between percentege less of volatile matter and increase
in viscosity to determine to what degree the change in consistency
of the residues would be comparable to gain in vigcosity of z mater-
izl in service, The data is presented in table 1,

Digtillation Tegh: The sixbteen materiels were also gubject-

ed to the A.S.T.M. Distillation test. The viscopity and suscepti-
bility of the‘reSidue was determined upon completion of the test. See
table 1, _

Ay Blowing: The thifd'treatﬁent involved blowing alr through
a 75 grem pample of each asphaltic-material at 180°C for two hours at
e rate of 500 cubic centimeterg per minute. Alr was introduced into

the sample through a copper tube similar tc that used in the Abgen



TABLE’NO.'l

VISCObITY AXD SUSC"T‘PTIBILITY OF SLO’?'—CT}RING ASPHALTS
AFTER SUBJECTION TO LABORA:.OQY TREATMENTS

VlScoszty in Gentlstokes B

Original Asphaltic 01l

Oven Volatilization Residue

Distillation Residue

Aiy Blownm Residue

Residue Modified ”ea.'l:herome‘ber

os1 Viscgéggy Visgggéty Susce Visgggéty Suscs visgggéty ~ Suscs Visgggéﬁy Susc. Vlsgggéty Suéé'
A 120,430 1,063 4.741 C 3,671 4.898 ' 5,810 4519 6,884 44719 22,847 ‘4.98;( |
B 25,720 1,032 3.429 2,316 3.656 4,195 3.664 5,945 3.798 51,274 3.915
c 24,800 509 3.562 - 2,104 3.640 3,016 3.682 8,335- 3.587 30,208 34362
D 26,290 954  3.531 1,001 ﬁ.éél '1:050 ,3;520 1,628  3.584 10,841 3815
E 41,810 1,179 3‘.679 2,390 3.956 2,130 3.76_8- 4,535  4.014 28,650 4.451
F 40,280 1,403 3.434 N 3,392 3.4185 4,335 3.497 8,183  3.652 _18,851 3.730
G 28,130 1,174  3.343 2,821 34406 11,420 3,440 22,104 - 3.476 5,207,400 3.357
i 63,920 - 976- 4.27% 3,301 4,329 3,116 4.381 i3,344 3.4?43 314,885 4,234

1 38,390 1,118 3.629 '2,821 3.662 i 2,342 3.789 5,080  3.585 58,059 3.833

J © 63,360 1,161' 4.043 2,316 44295 2,209 4,439 2,943 3.901 96,876 4,041
X 25¢?5D 949 3,540 2;182 - 3.721 2,848 3.843 6,750 5.970 12,250 4,086
L 45,210 1,005  3.952 3,_635_ 4,044 2,590 44048 ' 12,556 4,030 77,224 3.242 _
i 51,130 . 1,386 " 3.644 2,292 3.583 1,695 3.636. o 5,475 3.042 - 50,566 '4.252,
§ 67,000 1,390 3.855 3,295 3936 3,958 .72 17,923 3809 165,620 40415
0 78,840 goo' 4.551 1,043 4,239 1,287 . 4.799 3,652 3.687 10,682 ' 5.651
P "55,110 1,152 3.939 . 1,403 3.944 - 1,551 ] 3.517 . 2,127 4,130 10,276 3.939




TARLE NOo 2

VISCOSITY DETERMINATIONS ON RESIDUES FROM
OVEN VOLATILIZATION TIEST

50 grems — &b 163°C - Time as given'- Vigcoglity in centiétokes

—— s — e
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——— ————— p——— ——

Hre. % B : D G J
in % ‘ % % %
Cven Logs| Vigcosity] Loss Viecosityy Losa Viscosityl Loss Yiscogity

Temperature at 25°C

. o N 25,723 0 | 26,294 0§ 28,126 0. 63,364
L ; 2,053 by y 420 0.110 | 28,791 1.834 44,633 0."761 122,462

2 2,348 | 52,270 |0.305 | 28,936 | 2.899 66,048 | 1.392 | 129,837
i3 3,234 { 63,533 0.395 29,215 4e110 81,343 ;.621 136,576
4L 4e123 | 75,526 .0.401 30,160 4.185] 85,195 1.890 | 169,944
5 5,07 | 112,095 10.437 | 32,022 5.078] 108,725 2.308 257,555

|25 10,181 | 791,628 |2.520 | 62,487 |13.673{1,940,705 | 6.082 1,307,108
50 15.500 3.220 118,870  |16.805 10.421

Temperature gt 60°C

l o 0 1,031 0 954 o | 1,174 0 1,161
1 2,053 | 1,271 |o.110 898 | 1.836] 1,507 | o.76L| 1,268
2 2,348 | 1,590 |0.305 o7t | 2.8931 2,020 | 1.392] 1,444

3 3.234 1,646 0,395 | 1,018 4,110 2,269 1.621 1,573
L 4.123 1,898 |0.401 | 1,034 42185 2,525 1,890 1,615
5 5,07 2,316  |0.437 | 1,087 5,078 2,821 | 2.308 1,849
25 10,181 7,546 |2.520 | 1,544  [13.673] 34,632 | 6.082 5,159

50 15.500 | 40,911 |3.220 | 2,613 116.805 | 277,300 |10,421| 37,59
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recovery method. The compregsed air was bubbled through NaQH to
remove carbon dioxide and then HZSOA'to remove moisture before
passing through a calibraited flowmeter which was regulated to mein-

tain a flow of 500 cubic centimeters per minute.,  BSee table 1.

Weatherometer Tests: The fourth trestment invelved mixing
15 grams of asphaltic oil wifh\485 grams of clean 20-30 grade Ot~
tawa sand and exposing the mixture for 168 hours on & weatherometer.
The ﬁeatherometer wag manufactured by the Atlas Electric Device Com—
pany, of Chieago, Illinois, and consisted of twe arc lamps, one act—
ing frem the.center and one from the side of the apparatus. The
weatherometer has a turntable for supporting the samples. The rota;
tilon of the tuwrntable was one revplution in 17 minutes and 35 secondsa

The bituminous mixtureg were placed in ting giving an expo-
“sed area of A8 square Inches. The mixtures were stirred twice daily
to ingure wniform expopure of all surfaces. The temperature of tesi
wag maintalined at 140°F by circeulating air ever the samples? The
tests were pérformed in & dust-free room. The regults from the vgrious
treatments are pregented for comparative sgtudy in table 1. Two ma-
terials "4 and O" were gelected as typleal samples for representing
graphically the Vigcosity-Temperature curves. These curves are illusm
trated in figures 3 and L.

‘Fffect of continued weathering with weatherometer: Turther

weathering tegts were ecncluded on material "Q" to determine the rate
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of hardening which might be obtained on the weatherometer. "O" was
choéen because 1t appeared to be affected mogt by the weatherometer
tegt. The materisl was mixed with Ottawa sand snd subjected to gane
test procedure as defined above for oils MAW, "G", and "DY, with the |
‘exception of time which was varied to give regidues at 1 day, 7 dajs
and 12 days. Upon recovery the viscosiﬁy and-susceptibility ofrthe
residue wag determined. The results of this study show that the vis-
cosity temperature curves when plotted indicate the rate of harden-
ing of the regldue. At the end of 7 days test the residue of ma~
terial "O" had leost its adhesive properties and appearsd %o be com-
pletely dried out. The ﬁiscosity—tamﬁerature curveg ére illustrated
in figure 5.

From the data obtained from the oven volatilization test, the
digtillation tegt, the air blowing and ihe weaﬁherometer tests, it may
be concluéed.that the ovéﬁ volatiligation tesgt will give residues com—
perable to those obtained from the other three tests if the proper
length of exposure at 163°C is meinteined. The weatherometer test pro-
duces the greatest change in conslstencey of the residue. A presentaticn

of these datad in graph form seems to indicate that the msjor increase

3 For complete information gee "Characteristics of 8low Curing As-
phalltic Qils", Proceedings of the Association of Asphalt Paving

Technologists, Veol. 12, pages R233-275.
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in‘_consistencies of the various residues wag aused by evaporation of
the volatile materials present in the original asphalt. The slope of
the vigcogity-temperature curves also indicate that some meterials un-
dergo other changes in their characteristics due to conditions imposed

by the test.




CHANGE IN CHARACTERISTICS OF SLOW-CURING
ASPHALTS AFTER WEATHERING UNDER SERVICE CONDITION

In order to correlate the laboratory studies with changes
geeurring under service conditions a sepsrate gitudy in the fleld was
made on similar meterisls. Ths purp§85 of thig phage of the investi—
gation wag to ascertein what changes in viscogity and suseceptibility
oocur in slow~éuring agphaliic oils Whaﬁ they are incorporated into a
biﬁuminous_mixture’and subjected to service conditions. It was thought
that- the ;esults from tﬁié,study might be helpful in establishing cer-
tain definite reiationships and to predist’the normél rate of hardening
of bituminous materlals occcurring under actual service conditlon.

To pursue this study, 50 fool test sections were established
on newly constructed bituminous surfaces uging asphaltic binders of
the 8C-6 type and from different sources. These tewmt sectlons were
egsenblal in order to facilitate future sampling and to Insure that the
same sourcé of bituminous material would be obtained throughout the study.

At present there have been 15 test projects established embracing
siﬁ different types of 8C-6. asphaltic oil éliﬁmeeting Michigan State High-—
wey specifications. Two Lest projects, No. 1 and No. 2 were egbablighed
in November 1937, eight test projects Were;established in July 1939 and
five test projects were esgteblighed in July 1940. The test projsets are

located throughout the enbtire state

RN
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where theylwill be subjected to varying traffic and qlimatic condi-
tiong.

On emch test project a gelected saﬁpling area, approxima-—
tely 50 feet long was definitely 1océted where the source of bitu-
minous maierial_going into the mixture could be ascertalned.

Eamhlyear sampléé representing the top half of the road
surface Wili be reﬁoved from the sampling area of each test pro-
jéct. The bituminous material will be recovered by & gpecial me-
thod% developed for agphsliic umaterials of the slow curing iype.

It is contemplated to analyze samples from these Lest projects over
an indefinite period of years.

Study of Changes in Characberistics:s At the present time

ingufficient date has been obtained from the test projects to war-

rank drawiﬁg aay. definite conclusiong. However, the data presented

in table 3 for test sections 1 and 2, and illustrated by figuves

6 end 7 show very clearly that there is a conbinuous hardening taking

place comparable in some respscis to the hardening obtained when the

same type of éspbaltic materials from similar soﬁroes are subjected to

the labofatory pfocedures explained previougly. See table 4 for Char-

acterigtics of orig;nal bitaminous materials in test section 1 and 2.
* Changes in Characteristics of Slow Curing Asphaltic Oils, by

Finney and Wolczynéﬁi, Proceedings ofkthe Association of Ag-

phalt Paving Technologists, Vol. 12, pp. 233-275.
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Table No. 3

TEST SECTIONS NQ. 1 AND NO, 2
SHOWING THE CHANGE OF VISCOSITY WITH AGING

Test Seetion - Test Section
No. 1 No. 2
Asphaltie 0il in Wiz ,
Viscosibty 25°C 37,786 C.8. 34,529 C.8.
n 60°C 1,135 C.8. 1,074 C.S,
Suseeptibility 3.635 3.635
Sp. Gr. 25°C/25°C .981 .987
Recovered 0il After 1 Year
' Viscogity 25°C : 46;631 C.S. 57,927 C.S,
_ T 60°C 1,539 0.8. - 1,703 C.S.
Susceptibility 3o 3,494
Sp. Gr. 25°C/25°C - .982 989
Reecovered 01l After 2 Years - .
Viseosity 25°C 76,212 83,702
oo 60°¢ 1,752 2,393
Suscepbibility 3.682 3477
Sp. Gr. 25°C/25°C 987 9%
Recovered 01l After 3 Years
Viscogiby 25°C 164,395 129,270
n 6000 _ 2,928 3,089
Sugceptibility , 3.679 3437
Sp. Gr. 25°C/25°C E 3990 1.005




tABORATORY ANALYSIS OF BITUMIROUS MATERIALS

Table flo. 4

USED 1IN TEST PROJECTS NO.. 1 4ND NO. 2

Remarks

Material

Material

Identification

- Test Project No. 1

Test Project No. 2

Spe Gre 2500/25\00
Turol Viscosity 60°C
Flagh Point
% 100 Pen. Res.
Duct. Res. at 25°C
Ducte. Rege atb 4°C
% gol. in CCL,
“Digtillation

0-R25°C

0-315°C

0-360°0
Loss on Heating

50 go 5 hr. 1639C

«981

Trace

1.76%

.987
531
160°C
75.2
100+
9
99.96

N OO

2.93%

G
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iOn the‘gama maferials, a ccmparatiVe study of the viscosliy-
temparaturé curveé of regiduss from the oven volatilization test shom
inlfigure l.with the viseosity-temperature curvés of bitumen recoversd
from two test projects in figures 6 and 7 shows quite concelusively that
the oven volatilization test with certain modificetions with respect
to time of heating, can be used to evaluate the relative rate of hard-
ening or durability of glow curing asphelilc meterials. TFor ingtance,
in comparing 25 hour curve and 50 hoﬁr curve In figure 1 and the 1 year
and 2 year curves in figure &6, there isnoted s elose relationghip.

The viscosliy-temperature curves in figures 6 and 7 also show
that the rate of hardening of the two recovered bituminous materials
afiter three years is practically the same.

Figure 8 illustrates in another manner the rate of hardeninéw
of the bituminous meterials from the two test projecis when the visco—v
sity of the recovered agphalt at 60°C is plotted against tiﬁe in years.

Thig study indleates that the hardening of an oll asphalt of
ﬁhis S0-6 type over a perlod of years umay be predicted fyom laboratoryl
teats suph 28 the loss on.heaﬁing test.

As deteimined, the criteria for allowable chanées in *the oil
agphalt by laboratory tesitg must be established upon the changes which
have occurred in pavements leid and subjected to service over a peribd
of years. The characteristics of éa%isfactory and unsatisfactory ma-

teriasls must be known and limits esbablished.
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CONDITION SURVEY OF EXISTENT BITUMINOUS SURFACES
USING SC-6 ASPEALTIC MATERTALS AS BINDER

- During the summer of 1940, an extensive survey wag made, inelu-
ding a gresater portion of the slow-curing bituminous pavements in the
gtate. The purpese of the gurvey was to study the characferigtics of
recovered bitumen from surfaces showing normal and ébnormal,changes :
typical of aging oll aggregate surfaces. Patticular attention wag paid
to the source of agphalt, sge of road, and physieal_ condition of the
surface, From this survey, 28 bitumincus surfaces were selected for
laborateory study. Sampleshbf the mixture were taken from the top courge
of each project and subjected to laboratory analysig.

In judging the criterla of the complete failure of the bitumi-
noug subgtence in the pavement, the following factors were kept in mind:

1. Conditions must be general, nolt localized tc a few isolated
. epots or at edges or on hills.

2« That subgradse failures can cauge ravelling, alligatering and
cracking of the surface, -

This survey revealed that no bituminous surface had failed com-
pletely, although a few showed cousiderable glgns of wear and excessive
alligatoring, requiring a seal coat or gurface itreaiment t? place them
in good coﬁdition. The alligatoring was cauged by poor subgrads condi-

tions which were known to.exist prilor to laying of the pa?ement.
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However, the most important regult of this swrvey is the reali-
zation thet many of the surfaces emamined have given fair service beha-
vior to date, yet they reveal that abnormel hardening of the bltuminoug
binder has taken place and that the original flexible mat has changed
entirely to a rigid type of pavement similar teo blbuminous concreie;

The bituninous mat when onece disturbed or broken up caanot bhe recom—
Ipacted without additional bituminous materisl, flux or application of
heat. The recovered bitumen from bituminous surfaces of this nature had
viécosity-valuss of 4200 ceatistokes or higher at 60°C, thus indicating

a 300 to AOD‘Qercent inerease over the original valus. The pavements -
possessing abnorimal ‘hart;:{ness Wére between three and four years old. ‘i‘h@
Pact that this premature change in bitumincous guwrfaces of the slow cuxing
type is caused by abnormsl hafdening of the bituminous binder is brought
out by further tests which ghow that thé‘recovered bitumens.from a majori-
ty of pavements one to five years of age, lrrespective of the source of
bitumen, héd viscosity values at 60°C ranging from 1400 to 3.;?00 centi-
stokes or 70O to 1500 furol seconds respectively. At 60°C the vigcosi-
ty of glow-during asphaltic materials of the SC-6 type is in the nsighe
“borhood of 1000 centistokes or 500 furol seconds., To further illustfate‘
the variation in hardening which might be expected, four pevements Wére
found from which the recovered bitumen showed a viscosity greater than
54,000 ceatigtokes or 27,000 furol seconds at 60°C. Also, it wag ob-

served thst in pome cagez the bituminous materisl derived from the same



'pfocessing'andrsource, becgme abnormally hard in one gurface while
in another 1t remained goft and flexible over the game period of time,
The gurvey data is presented in table 5.

The degree of hardening throughout the bituminous met is
snother factor to be congidered. In genseral, it was found that the
bituminous mat sonsisted of a hard emust at the exposed surface vary-
ing in thickuess as mich ag 1 inch and the mixture under the crust was
Tive and workable, I is eviden® thail the progregslve hardening of
the mat which 1s characteristic of this type of bituminous road may
develop in iwo ways, either by a slow rate of hardening from the ex-
posed surface of the mat towards the basé, or by a gradual and uniform
progress throughéut the entire mat,

Information shown in table 5 indicates the possibility of
other factors affecting the relative rate of hardening of asphaltic
materials in bltuminous surfaces such as the permeability of the matl
Surfﬁce, the density &f the mixture, the composition of the mineral
filier and to some extent the petrogenle cba:acterigtics of the sggre-
gates. Bult the laboratory and field conirol tests would indicats theb
abnormal hardening 1s a characteristic of the asphali.

The gtudies made in the laboratory and field have contributed
impértant inférmation relativé to the chenges in.characteristics of the
8C-6 oil apphalits. It isg realized that more data would allow more de-
finite conclusions to be formulated, bubl it is eviden£ that develop-

mental ecriteris hag heen

_115 -




obtained to improve gepcifications which may be enumerated as follows:
first, that the standard logs on heating test may be modified where-
by it can he used ag an aceelerdted serviceabllity test or rate of
hardening tesﬁ; second, that when the viscdsity of- the agphaltic ma-
terial in an oll aggregate surface hag inereaged more than A00 percent,
the gurfazce cannot be reworked by ordinary methods and third, assuming
that 400 percent increase in viscosity is therlimif for a saﬁisfact~
ory product, it im apparent from figure 8 that a good oll aggregate
surface will reach an unworkable stete in a period of from 7 to 10

years.

- 15 -
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SUMMARY OF DATA RELEVANT TO PROPOSED CHANGES
IN-SPECTFICATION

FOR SLOW-CURING LIQUID ASPHALTIC MATERTIAL

Specificationg for bitumineus matberials include tests which
are ldentification tests ag well ag these intended to measure durabi-
1ity or serviceablility., Further research may indicate that durabi-
1ity ig related to‘some of the laboratory tests discussed herein.

But for the pressnt, the Michigan State Highway Department ig in-
terestea in spéeifiaations and tests which will provide uniform mater-
ial as well as Thope which delermine the ability of the fisterial- to
meet certain construction and maintenance reguirements. Thig does

not mean that we are not interestied in the durability of the material,
but it is evident that more research work must be done before tegt
limitationg can bhe set up to control this chéracteristic. |

The use of the present specifications for "Slow Curing As-
phaltic Oils of the SC-6 Grade" does not givé satisfactory and uniform
material meeting construction and maintenance requiremsuts.

Therefore, in light of the research work which has been dis-
cussed previouslyrit ip believed that certvain changes in specifica-
tiong will give an improved wmiform and gervicesble material.

Such changes should ingure better mwiformiky between tank
car shipments from a given source as well as a Standard materisl
£rom different sourcss. The changes should also provide a product

having a slow uniform rate of hardening when Incorporated into the road
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surface.

Tﬁe non-unlformity in the characteristics.ef liquid ag-
phéltic materlals per tank car ghipmenis for the year 1340 hasg
baen ehewn in graph form ir the report bj the Testing Division on
the SBpecification Changeg., These.graphs show very clearlﬁ the
wide variation in plant control which exlsts at certain refineries.
These variations definitely show that the specification limits in
some cases are too wide, yebt at the game time shoﬁ‘that materials
mey be obtained from aeveral sourcesd Within_much NArrower rangess

It is only logical that such wide variastions in tank car
ghipments will in $ime affsct the production of wniform oil aggre-
gate mixbures,.

Turther, a gtudy of laboratory analysis of tank car ghip-
ments, presenbted in the report bybﬁhe Tegting Division, ghow a
marked variation in similar characteristics of bltuminocus materisls
shipped from different refineries. The results from lahoratery and
field studles illustrated in tables 5 and 6 glsc show the wide vari-
‘ation in serviceability characteristics which exigt in materials
from different refineriss. Thersfore, it ig only natural to expect
that when products from different sources are not controlled clogely,
nen-uniform conditions will result in the road surface. Also, it 1s
the concensgug of opinlon that the amormal hardening of s liguid bi-

tuminous materisl is due primarily to the evaporation of the oily

- 18 -



_ _TABLE 0.5

UL SURVEY OF EXTSTING SLOW-CURING ASPAALTIC PAVEMENTS

Original ' Recovered  BEitumen _ - Riohness =
Tisoosity © Viscosity Conbemb & - : of
6000 . 609G Resovered - Surface Subgrade Surface

ats . Centistokes Cemtistokes Sample Suses Condition Uondition Wixture Deterioration

Observation
on Removing
Semple
From Pavement

S 14107 2.69%  3.587 Excellent- Good  Normal Sound
- 1465 S 2’53% 3.348 . LI 1 n f
15067 . 2.69%  3.489° -n " " "
: 1856 3.01% 3.358 n ) : . - . : ] n 1
2034 . 3.47%  3.333 " " o "

b § 2116. 3.15% 3.391 Bad Spot  Poor " Alligatored
e 2131 2405% - 3.422  Fair Good . 51, Worn
o3 2340 . © 3.35%.  3.414 Bad Spot  Foor *. Alligetored
1 2156 - 2.40% . 3.404 - - oo ®
5. 2236 3.59%  3.649 Excellemt  Good - S1iRich ‘Sound
: 1 - 2309 . 3.05%  3.585 Fair " " HNormal b
Y 3. 2323 3.33%  3.558 Excellent v ! "
VR 1 2365 2.63%  3.440 " " " "

o , - 3 2428 ) 2-65% 3‘534‘ it . " s R n ou
V40 BR=21 1 2553 . 2.49%  3.507 Fair " " "

. 40.BR-12. BN T3 2708 3.93% 3.504 Bad Spot Poor n Allimatored
A0 BR=16 T 3. 2804 . 2.98%  3.724 Tair - - Good’ " Sl. Worn
.40 BR=18 . ..V 3 2928 . 3.14%  3.679  Fair o " Sound
o 40 ijFi_-l? ' I‘.T -3 3089 - _ 2.587;; 3.437 t . 1] " n

_40. BR;-Z V 5 3161 2.33%‘ 3.493 ) 1 n 1 n

40 BR-9 S IV 4 3352 2.91% - 3.566 Excellent " "o n

40 BR-20 IV 3 4268 2.56% . 3.810 Bad Spot Paor Sl. Dry Alligatored
. 40 BR~8 IV - . 4 4540 "2.44% - 3,583 Excellent Good . " . Sound

40 BR-5 T 4 ! 942 4594 3,054  3.676°  Fair u LA

40 BR=~13 v 3 " 1233 4572 2437% 3.455 Poor " i Worn

AQ BR=11 LW 3 M 1082 - . 54,384 370%  3.587 Excellent - " " Sound

T A0 BR-T v 4 " 952" - 1,059,542 1.77%  4.113 Bed. Cond. . " " Badly Worn

-V 4

| A0BRG . .o o 961 1,63_0,848 3.5?}% 4,722 " Fair - oon Normel Sl. Cracked

v

Live
n
11

Hard Brittle Top

Herd Top-Very Live Base
Herd Top-Live Base

Hard Top~Live Base

Hard Top~Live Base

Top Brittle-Base Live
Hard Brittle~Doth Course
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. Table No. &

s

CHARACTREISTICS OF VAKIOUS 5C 4A~OA OTLS USED IN MICHIGAN

(0-¥ ) reproserts amples from Tasbting Divislan Leborstory Study

VISCOSITY CONDITION
Peroent Original Residue
Semple Flash Less on Farol at Less on  Percent . Feroent
amber Point Heating 5000 Eenting Change Resoversd Chanze  Age  Appearance Workabllity
. LICN 0TL
D 214 0.43 520 480 1443
BR-2 217 452 1580 221 5 Fair Live
BR-4 184 425 133 T2.5 4 Excellent Liva
BR=5 183 438 2297 424 4 Ezoellent Hard
BR=10 174 456 1162 155 3 Lxoellent Live
OR=11 214 503 27192 532 3 Exoellent Hard Top-Live Dass
Brel2 211 492 1354 175 3 Bod Alliga- Live
tored
BR-13 156 572 2336 309 3 Bed Intarmediate
BR~-14 209 494 705 42,7 3 Exoollomt  Live
BR-15 205 494 1070 116 3 Bad © Live
BR-17 210 1.76 547 1214 122 3 Exosllent  Live
BR-18 210 540 1461 176 3 Fair Live
BR-25 209 528 753 a2.6 1 Exoellent Live
BE~38 185 432 91.745 2120 4 Bad Hard
[+5:] 215 0.65 578
214 0.61 550 645 17 122 31 0
Tud 210 544 550 .12 ¢
770 4106 1 Live
876 610 2 Live
. 1464 169 3 Live
-5 212 540 302 11.5 [ Live
678 25,5 1 Live
b 212 534 535 0.0 &
. T72 46.0Q 1 Live
=7 713 534 578 8.2 0
Tel4 215 .46 566 1360 154 1 Live
Tul5 220 0.26 540 571 0.8 [+
- 594 10.0 4]
STANDARD NV JERSEY .
BR=5 160 1.5+ 457 2270 397 4 Exoellent Hard Top-Live Base
BR=9 16G 1.5% 532 1676 220 4 Exoallent Live..
BR-19 154 2493 489 1544 216 3 Falr a3
BR=20 154  2.93 489 2134 337 3 Bad Herd Top
-4 163 429 933 117 0
1659 147 1
-2 60 2493 531 537 - Live
51 60.3 1
1197 125 2
1544 191 3
. AMERICAF BITUMULS
BR-16 174 478 1402 214 3 Fair Intermediate Live
4 390 1.13 507 675 33.2
: . TEXAS NORFOLK
BR=21 140  5.0% 515 . 1276 148 1 Fair Live
BR-22 140 515 1078 109 1 Bad, Live
TEAAS LOCKPORT
BR-24 148 Le0* 597 1142 98,2 5 Exoellent . Live
. BR=26 161 Da* 451 1017 125 I Exoellent Live .
0-F 143 5.59 500 1764 253 0 :
0-F . 140 4432 509° 1178 132
TEXAS = LUWRENCEVILLE )
BR-3% 160 l.0# 817 428 795 1 Exeollent Live
BR-40 160 1.0 517 . 1059 106 1 Bad Live
T8 152 493 566 14,8 0 Iive
44 T1l.2 1 Live
WICMING = TEXAS :
-9 146 - 1250 1072 o)
: 1351 124 1 Live
v 140 1358 172 :
L HATIONAL REFIRING B
o 141 o et b Lt B X
b 14 2 R T T A
. : MID-COHTINENE N
i 0-¢ 218 - Gedi- . 555 W 616, 13 =
-3 218. . 535 : : 584
i i . 466 PRODUCERS -—.rﬂcmc—)m " o
i 0+D - - 162 . S 1070 Ui
- gD 198 527 : 0 a2 T
e . L - sat-:m,,i- ILLTHOIS L
P . Fogey 1800 24350000 5247 c.3088 0 T )
v N 13 . AZ0i0 M 1ag0 . a8 oL s
’ S SHELL = LOUTSTANA -
o 40 B.9g 593 1354 128
. IKDIAN REFINTNG
0B 150 2.65 493 . o2
08 170 2.23 517 762 - 49
T-11 - 140 3.08 474 500
Pal2 160 - 2.58 434
13 160 2458 505
] T
* Poroont distillate -~ 360°C (BR=p rapresentn so.mplen ‘fram Field Suwey
’ {T=5 } represents samples from Test Hoads :
(4 ropressnta samples from Researoh Diﬂ.aiun Lubora.tory S{:ud;r




Talle No. 7

SUMMARY OF VISCOSITY CHANGE OF RESIDUE
FROM LOSS O HEATING AND RECOVERY TESTS

o [
Y]

24

rﬂﬂter*al Logs on Heating Recovery Regidue
Hawer= Residus % Inecreace % Tncrease
Timer Max, | Min, [Average | Time | Max.| Min. JAverage
Lion FEldorado 0 17 17 17 5 ¥Te } 223 221 221
boyre | 24 | 2.5 248
3 yre | 532 | A2.7 199
2y |61 | &2 61
1 yre| 154 | Al.6 62
7 Q Ta 31 G 9
Standard of W.J. 4 yre| 397 | R20 308
3 yret 237 | 191 248
2 yrel 125 | 125 125
1 yr.] 147 | 60 103
0 yra.l 317 | 1.3 59
American Bitllmuls Baltw O 3302 3332 V 3302 3 JXa :'21.4. 2‘113. 214
Le Texas Norfollk 1 yr.| 148 | 209 128
B R e T tr s -
5. Texag Lockport 0 132 132 132 1 yr.)| 125 | 98.2 113
) . O yr.| 253 | 253 _ 253
G, Texas Lawreaceville 0 1.4 14.8 14.81 1 105 | TL.2 8542
7. Texas Wyoming 0 172 172 172 - e — ——
8, Natlonal Refinery Q 157 - 157 157 0 235 1 235 235
4 bt 2 =
9. Mid Comtinent 0 13 13 13 0 9.2 9.2 9,2
10. Producers Michigan o 42 | 42 42 0 130 [ 130 130
1l, Shell - Illinoig a i 188 188 1388 - 0 548 548 5L8
12, Bhell - Louiglana 0 128 | 128 g — e | e -
13,7 Tndisn Refinery - O 49 L9 49 0 g1 5¢5 4342
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constitusnts of the bituminous material. Therefore, either a
straight run product or a product cut-back with a very low percen-
tage of high fiasgh volatils matlter would be desirable for use in
Michigan.

Therefore, with respect to the above mentioned conditlons,
it ig bhelleved thet the following revisgions in current specifica—
tions for SC-6 slow curing asphaltic materlsls relative o flash
point, loss on heating, viscogity of loss on heating residue, ori~

ginal vigcosity, percentage of 100 penetration residne, as well as

'the pddition of the emilgion iegi and the ash content test will aid

materially to insure dellvery of saiigfactory productg. Each of

these tegbs and recommended limits willl be discussed in detzil.

5 ‘ﬁﬂgﬁ Flagh Point Tempersture:
It is apparent that the present flash point limit of 93,3%C+

is enlbirely too low., A study of the flash peint values plotted in

figure 9 based on a seasons supply of liguid asphaltlic meterials of

the 6A Grade, show that the lowest value was 130°C. The flash point

values lying between 130°C end 155°C are scattered widely Whichrmight
indjecate lack of proper control at the refinery, thersby resuiting
in a non~uniform product o the contractor.

The points plotied to the right of 155°0, in figure 9, sre
fairly well grouped, thersby indicating better control on the part of

the menufacturers. Alse, the bituminous materials having a flash

- 19 -
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; | | - | Relation between Flosh Point and F;erﬁentvcrarge Lo‘fss on i
s F -~ Heoling of S.C. Asphaltic Mafterials used in Michigon] ¢

P CEE - x=High and low V’mlu{es'for Season IS?«%G_'L L
| O = Plotted values from Table 6
__(Letters) =Refer to source of material.see Table §
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point greater than 155°C, must either be a straight run product or

& product cul back with a veryfsmall amount of volatile materisl.
Conglstent with thsse facts 11 Is recommended thed the flash

;oint temperature be changed from 93.3°C+ to 155°%C+.

Logs on Heating Pereentage:

A gtudy of the curve in figure § shows that a definite
relationship sxists between the flash point temperaﬁure and the par-
cent of volatile material eveporated off during the leosz on heating
teste It 1 svident from the curve in figure 9 that 3.0 percent
less on heating is consistent with a flagh point of 155°C. Also; very
fow of the Pilituminous materials used during 1940 had a loss on heating
greater than 3.5 pareent,. Sese figure 10, Therefo?e, it ig recommended
that the préSEnt losg on heating value of & percent be reduced to 3.5

percent to conform with the propesed increasge in flagh point temperaturs.

Yiscogity of Regidue from Loss on Heahing Test:

The Publlic Roads Administration, in their work on asphalis,
coneluds timt a chanze in conslstency of an asphalt after subjection
to a 5 hour thin-film oven test offers a means of evaluating 1ts dura-
bility when incorporated into a bituminous nixture and after ezposire
to servies conditions. Work done by the Michigan State Highway De~
partnent and described previéusly in this report showg quite conclu-

gively that the oven volatilization test, with certain modification

as Lo quantity of waterisl invelved in the test, can be used to svaluaie

- 20 -



_cé_hfage Loss on Heating  Furol Viscosity Secs.at 60°C
0 2 4 6 350400 450 5?0 550 600 630

CAm.Bit.  Gal.

UL e D | indian Ref. 111,

© Lion Ol ~ Ark.

VA L Mid.Gent. Okla..
1\
5

: \ P
3 < ox ?/ x| \ Natl.Ref. Ohic:
~ . ;

| - / \ Prod.Ref. Mich.

2 o : i : _ X
. \( | v / ~_Law\ville:
| | Shell 0it 11,

Shell Oil  La. |

| |
— b x lxc ‘é) % X 0
i | \
|
l L
|

| ) - , Skelly Qil Kon.
_éTes?iﬂg I__| . Research N , |
Div.Limit 3% | | Div.Limit o \ | ~ Socony Vac. Kon.
o \" 359, o -

| Socony Vac. Wy.
\ | sid Dil of Gai.

1

|

|

i |
e . . x\‘

\ | ~ Lawvl.
o o <. Texes 0il. il

' ‘ y . Lockport
\ I S A - Texas Gil 1N

.
W
%

f
|
|
: |
L r
v \ - ‘ ~ Std. Oil of N.J.
|
]
|
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Texas Oit Wy. -

| | I
| ' . R.Range
| Spac. Range o

, ")l'( Relation betwesn Initial Viscosity, Percentoge Lobs oniHeaiing.
and Scurce of Material, ' | . :
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the relative rate of_hardening or serviceability of slow curing liguid
aspheltic meterials.

Furﬁher studies relative fo the change in conglstency of repgo-
vered hitumsngs after definite gervice periods sghow that when the vigeo-
gity of & slow curlng assphalt has undergone & change of 300 - ADC per-

cent, the road surface becomes hard and cannot be reworked by normal

.methods. The trend of the curves shown in figure 8 indicate that this

stage of hardening may cocur in épproximately 7 to 8 years, especially
for the particular materials-represented by the curves. Thus, the rate
of vigecogity increase per year viould be approximetely 50%. However,
the fect that a certain change takes place during mixing operabiong
must be congidered. Tesls on recove3ed gamples of different bitumi-
nous materisls taken from the road surface immediately after placing,
ghow a change in viscoglty ranging from 9.2 to 233 perecent, depending
upon the brandﬂof material.

On the basis of the data,preﬁented in tables 6 and 7 and,
illugtrated by the graph in figure 11, 1t seems logical to reyuire
that the viscoplty of a-reeovered bitumen should not increage more than
100% due to mizing operaticns. This amount of chénge in viscosiﬁy is
equivalent to approximetely 2 years of servics for a good bliuminous
material.

A reguirement placed on the viscosity of the residue of the

standard loss on heating test would bz more degirable than the Recovery

¥
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Test becauge it could be made at the same time as the other labora-
tory tests and would serve as & check on the material hefore its use
in the road surface., In general, the average percent of viscosity
inereage of the regidus from the lbkss on heating test ig lower than
that of the vecovery teét, and perhaps could be esgtablished at a
lower figure. However, until such a time when more pertinent data
"is available, it ig felt that a requirement of 100% minus, would not
be out of line with the proposed changes in the requirements for the
fiach point and logs on heating tests. Therefore, it is reéommended
that a new reéquiremint be émbddied in the specification relative %o
g definiﬁe percent increase in the viscosity of the residue of the
Standard Losg on Heating Temt over that of the original materiél.
The percentage increase shali be not more than 100%. Furol sec. at
60°C., |

Vigeoasity Range of Original Material:

A study of the characteristicg of SC-6A agphaltic materisls
uged in Miehigan diwing 1940 and illusirated in figure 10 show the
following to b; true:

1. That the viscosity velues are spread throughowt the present
gpecification rangs of 350 sec. to 600 sec. With such wide -
visgosity variationsg in tank car shipments it is only matu~
ral to aséume that non-uwniform bituminous mixbtures will re--

sult since the contractor has no way of adjusting mizing

-022



.operations to conform to erratic changes oceurring in tenk
car ghipments of bituminous materials.
2. In all casss the various manufacturers who have producsd
materisals having & viscoslty lower than 500 sgec. have
also furnished materials having viscosities greater than
500 secs. o
3. That, in general, the materials with a viscosity of 450
gecg, or higher will have z logs on heating percentege
~ lower than 3.5%.
4e That a narrowing of the vigeosity range should result
- in a more uniferm.product.
Consigtent with the above facta, it is recommended that the
viscosity limite of the slow curing liquid asphalt considered in this
study be changed from 350 sece. to 600 gecs., bo 450 secs. to 600 secs.

Percentace of 100 Penetration Residue:

N

The Asphalt Institute, in their Consiruction Series Bulletin
No. 52 on Sleow Curing Liquid Asphaltic Roéd.Materialsz reéommenﬁ that
the percentage of 100 penetration residus for an Scfé material shouid
be 80 percent plus. Laboratory énalysis of car samplss obtained dur-
ing 1940 reveal that practicélly all of the materialg feidl into a
range between 75 and 80 pevcent 100 penetration resiaﬁe. Ses figure

12, Only two samples have a value lower than 75 percent.
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The present gspecification requires 70 percent plma 100 penetration residue.

We believe that a change from 70 percent plug to 75lpercént plus
100 penetration residue would aid to a certaln degree in inguring a uniform
product end would not place a hardship on any manufacturer.

Ash Content:

A new requirement, the Ash Content Test, is proposed as a metﬁod
fo detect the presence of fillers or native asphalts which have been inf
troduced into the parent material for the purposge of controlling viscosity.
It.ié recomuended that a.limit of 0,15 percent maximum be required in the
new specification.

Emulsion Tests

The Emulsion Test is another new regquirvement prépésed to eliminate
certain bituminous materials which tend to emilsify on contact with water
during the mixing operations. It_is recommendad that the bituminous ma-
terial must pass the Emulsioﬁ Tegt before acceptance,

Weter and Sediments:

1% is recommended that the water and gediment recuirement be re-
ducad from 0.5 minus to Zerc. This is conslstent with the Asphalt Ingti-

tute reconmendad gpecillcations for such materials of May 14, 1940.
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SUMMARY

It is belleved that the proposed spegificat;on for a "Slow Curing
Tiquid Asphalt!, as summerized in table 8 and the testhiimits as deseribed
hevein, ﬁill improve the uniformity of the product and ?educe materially
the abnormal hardening of the bitunen duriﬁg congtruction and after place-
ment in the road surface. The propoged bltuminous material has been de-—
signated as a "Slow Curing Liguid Agphelt! in order that it will not Dbe

confused with the ordinary SC grade'materials.



Table No. 8

PROPOSED SPECIFICATION
FOR
SLOW CURING LIQUID ASPHALT

1940
MSHD Spee,
Water and Sediment 0ah=
Flagh Point, open cup °C 0334
/ Loss on Heating, 163°C, 50 g., 5 hr. 6%

Loss on Besting Residue Viscosity at

60°C Not reguired

Viscoslty, Saybelt Furel, Seci, 60°C  350-000

E o Solubility fn CCL

4, 99.5

N\ ed

Agh, content Hot required

Oliensis Spot Test Negutive

Emulsion Test Not reguired

Residue of 100 Penetration

Residue vercent fitey
Duetility at 25°C, cm. 100+
Ductility at 4°C., cm. s

~ 26 -

SR hE

Testing Regearch
None None
175.04 155+
3.0-% 3e5-%
Not required  Not more
than 100%

500-600
99.5
0s15%
Négative

Pags

T+
100+
'Delete by

requegt of
P.RoA.

of original
vigeosity

450-600
99:5
0.15%

Negative

7 Pass .

75+
100+

Hot re~-
gquired



