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The eighteen asphalt cement samples which we received from your
laboratory with a request to develop a quantitative test which would
evaluate their anti-stripping characteristics have heen incorporated
into asphaliic concrete mixes and tested by an immersion-compression
test in line with your recommendation. In this test, compacted bris-
quettes of asphalt concretes were tested for Marshall siability hefore
and after prolonged immersion in water. The degres of retention of sta-
bility after soaking was regarded as a measnre of the degree of anti-
stripping property of the particular asphalt invelwed,

In addition to the immersion-compression %tests, an attempt was made
to study anti-stripping propertiss on the basis of wetting characteristics,
Contact angles of small drops of the asphalts were measured on polished
stone surfaces, From:a theoretical viewpoinit, an asphalt forming a low
contact angle with a stone surface shows a high wetting power for the
stons surface, and should be relatively difficult to be displaced by water,

The results of the immersion-compression tests indicated that there
was a wide variance in the anti-stripping properties of the asphalts test-
ed, but no significant correlation could be found between the results of
the immersion-compression ftesit and those of the qualitative stripping test
which had been run at Ann Arbor, Furthermore, no definite correlation was
found between results of the immersion-compression tests and any of the
physical propsrties of the asphali cements that were tesied by the Ann Ar-
bor laboratory. It was noted, however, that mixes containing crushed gravel
usually retained more stabiliity than those containing crushed dolonite,

The results of the contact angle studies gave evidence that the wetting
vowers of the asphalts varied to some extent tut, 2s with the immersion-
compression results, there was no definite -~corrélation with other physical
propertiea of the asphalts. ‘

In general, lower contact angles were formed on guartzite surfaces than
on dolomitic limestone surfaces,




Resultis

The results of the immersion-compression tests are given in attached
Tavle I, and are expressed as "Index of Retained Stability," calculated
as fellows:

(where S; = stability before soaking
1

Sp
51 % 100 S2 = stability after soaking)

Hach stability value in the table represents an average of three deter-
ninations, . , _ _ , . :

I+t is obvious, from exasmination of the dats, that water has less de-
leterious effect, in general, on asphalt coneretes prepared from mixsd
gravel than on those prepared from dolomite, '

No individweal asphalts, awmong those tested, were cutstanding in pro-
moting either high or low index of refained stabiliiy withk elther gravel
or dolomite, except 50 BR-11, an LOA type asphalt cement produced by the
Standard 01l Company of Baltimore. This material produced a high index
in both cases, There was no apparent correlation between retention of sta-
tility of asphalt-dolomite mizes and mizes of gravel with corresponding -
asphalis. .

CONTACT ANGLE STULIES

Bxperimental Details

In the contact angle studies, small drops of asphalt were placed on
nighly polished stone surfaces inside a spsclal thermostatically controlled
oven maintained at 280 ilo F. Prior to placing the drops, both stone and
asphalt were brought to 2800 ¥, inside the oven, Ths drops were placed by
meang of & 3-ml. hypodermic syringe fitted with a 22-gauge needle,

After placing & drop, its profile was photographed through a window
in the oven, The develcoped negative was used as a slide, and projecieéd-
onto a plecs of white ruled paper and the necessary measuremenis made on
the image for calculation of the contact angle,

The contact angle is defined as that angle measured from the surface
of the solid through the liquid to the tangent to the drop's surface at
the point of contact of - the surfaces of the drop and of the solid, In
the case of acute contaci angles, as were all those in this investigation,
the angle is calculated as twlce the angle whose tangent 1s the ratic of
the altitude of the drop to one-half its base diameter,

Regul ts

The results of the contact angle studies are alse given in attached
Table I,” The contact angle ranges in the table represent the lowest and
highest angle obiained for each asphal${ when three drops were placed on
each of three polished specimens of the same aggregate; the averages were
obtained by calculating the mean angle of all nins drops In each case,
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Since the contact sngle ranges appeared rather wids, extra defermina-
tiong were made in which duplicate runs of each COA {ype asphalt were made
on the same stone, placing and measuring the angle of three drops esach
time, Thig represents the vlacing of six drops of an agphalt on one stone,
In this case the range of angles was considerably lower for sach stone,
as is shown in Pable II,

. TABLE II
PEPROTUCIRILITY OF CONYACT ANGLE TEST ERSULTS
Asphal . : Range of Angles (deg.)
Identification o, Limegtone Suartzite
50 BR-1 : : 13-17 - 12-16
-2 13-17 16-18
-3 10-13 11-13
i 13-18 12-15
-9 16-18 10-14
-20 ) ' 23-26 , 10-13
=21 C13=15 16-11

Thus the wide ranges shown in Table I were apparently caused by
variations in specimens of the same aggregate, rather than by lack of
reproducibility of the test,

It was found that there were small differences in magnitude of con-
tact angle formed by the different asphal s on both limestone and guartzite.
With 15 of the 18 asphalts higher contact angles were obiained on limestone
than on cuartzite., This might be related in a general way to the immersion-
compression results, which indicated more siripping with dolomite, a material
chemically and physically similar to limestone, than with mized gravel, a
material containing relatively large amounts of quartzite and other siliceous
materials, b

Although slight indications of correlation were found for corresponding
asvhalts in the immersion-compression and conitact angle methods of investi-
gating anti-giripping properiies, closer correlation might have been obtained
had limestene and 100-percent guartzite gravels been used in both investi-
gations,

Any Further information regarding our testing methods or our interpre-
tation of the results of the tests will gladly be furnished on request,

B, A, Finney
Ags't Testing & Research BIngr,
in charge of Research

EAF:TAF :mw

ce: W, W, HMchaughlin



TABLE I

BHESULTS OF IMMERSION-COMPRESSION TESTS AND
CONTACT ANGLE STUDIES

Imnersion-Compresgion Hesulis

Contact Angle Hssults

Dolomite Gravel On Limestone On Quartzite
Type of Index Index Bange Average Iange Average
Asphalt and Stavility, Lb, of Stability, Lb. of of Angle, of Angte,
jentification Before After Rotained Before After Hetainsd Angles, deg, Angles, deg.
Numbs Producer Immeysion Immersion Stability Immersion Tmmersion Stability deg. deg.
50 BE~-10 American Libveriy 0il Co. 1075 1100 102 1825 1600 88 924 14 7=-28 14
-11 Producers Refining Co, 1525 .. 1625 106 1650 1850 112 1624 192 Q.27 17
~12  Tion 0il Co, 1475 " 900 61 1250 1325 106 13.26 20 8-26 15
~13  Std. 0il Co., Baltimors 1275 1175 92 1575 1550 98 922 14 9-13 10
- =14 Lion & Producers Blend 1800 1500 83 1840 1600 89 13-23 17 9-23 14
-15 Tion 0il Co. 1150 1050 g1 1325 1525 1153 9-13 11 9-12 11
50 BE-~ 5 Lion 01l Co, * - - = 1675 1625 97 1622 20 12-19 15
-~ 6 Shell 0il Co, 1400 1275 91 1725 1725 100 1224 18 12.21 17
- ¥ Bhell 0il Co, 1350 1075 83 1525 1650 108 =20 15 10-14 11
- 8 Std, 0i1 Co,, Baltimore 1525 1375 30 1750 1450 83 17-23 19 1019 13
-19 5%d, 0il Go., Illinois 1350 1200 89 1775 1800 101 12.29 20 10-1.8 14
COA: :
50 BR- 1 3td, 0il Co., Indizna 1750 1725 98 1850 1200 103 . 13-23 16 12-22 16
-~ 2 Lion 0il GCo, 1lh25 1275 89 1500 1700 113 13-27 19 16-24 20
-~ 3 S5td4, 0il Go., Baltimore 1600 1725 108 2125 1950 92 10-13 11. 0173 11
- 4 Shell 0il Co, 2400 250 102 2350 2025 86 13-22 18 12-22 15
~.Q Beneea Petroleum 1675 1350 80 1975 1775 o6 16-27 21 10-18 13
-20  8td. 0il Co., Illinoig 1400 1225 as 1925 1775 92 14-26 20 1020 14
~21  5td4, 01l Co.,, Indiana 1600 1550 g7 2025 1950 95 - 13-24 17 10-19 12

* Ingufficient material to complete testis

s




