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October 1952

DESIGN OF BITUMINOUS PAVING MIXTURES

¥ F, N, Hveem
Materials and Research Engineer
Galifornia Division of Highways

The problem involved in constructing a pavement or
resistant surface on the top of the ground which will with-
gtand both the deétructive effect of vehicles and the
weather is not a gsimple one, It is hardly possible to =et
forth the essentials in a brief or simple manner, Opinions
are necessarily colored by the experience of the writer in
the field énd in the laboratory, and some viewpoints may
require modification ag time passes, However, there are
certaiﬁ general principles which apply to all types of
surfacing, and experience gainéd in one field shouid find
application in related work,

Factorsllnflﬁeneing the Selection of Surfacing Type

Amﬁné the first considerations are the factors
influenciﬁg the seiectidn of the type of surf‘aoiﬁg° This
discﬁssion will, of course, proceed on the assumption that
coats or other factors have indicated a bituminous type,
Howeﬁer, there are many varieties of bituminous pavements
or wearing courses, and the éelection of the particular
Ltjpe shoﬁld be made with due consideration for the mineral
aggregates availébleg weather.conditions which will prevail:
throughouf the construcﬁion and service periods, and also

the type of construchicn aquipment'available.
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The mine?al aggreéate'may range from local top soil,
gand, gravel,?commercially produced crushed stone, or any
combination of these various mabterials, The first step
would be to é%udy the available materials which might be
used in construction and determine the cheapest source or
combination, iThe selection of aggregate, however, cannot
be made aionefon tﬁe bééis of cost delivered on the job,
The local soil in place would doubtless be the cheaper,
but might oftén reqqire a quantitﬁ of oil and be so
diffiéult to %ix as to more than offset the cost of
importing coafser aggregatea

Stormy wgather conditions prevailing would definitely
discourage mii-in—place type of construction, and would
inevitably indicate pPlantmix as the only praéticable means:
bht then, agaén, mixing plants are not always available,

Enumerat%ng these boints even in considerable detail
does not add éuch to the original statement that the
selectibn of‘;he type of bituminous surfacing depends upon
the funds available, the mineral aggregate, prevailing
weather condiﬁions, type of equipment, and may also be
influenced by the character of the existing soil or
foundation, ‘Other things being equal, however, considerable
economy will usuwally result from design aimed at utilizing
the cheapest availéble'aggregate, and the cheapest aggregate
is most oftenfthatiwhich reguires the shortest haul fto the

site of the w&rk, Miz-~in-place l1la often a satisfachtory type
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of congtruction, and may be utilized where the material on the
groﬁnd‘ié‘of”suitablé'quality and where considerable periods
of warm, dry weather are assured., If the aggregate mustlbe
transported to the road and/or weather conditions are unsatis- -
factory, the‘plantmixlppocess of construction may be the most
economical and certainly 1s generally the most satisfactary.
Tt is invariably a far more uniform and assured method of
construction,

In other words, it is poosible to produce excellent
surfaces by the mix~in-place or roadmix me thod, but the
process is definitely uncertain, and taken over a period of
time and on a number of pPojecté, a considerable peroeﬁtage
of the work Has always been more or, less unsatisfactory,
Plant construction, on the other hand, 1s much more positive
and if properly designed and controlled, failures due to
variation in the mixture can be almost entirely eliminated,

| The question of the equipment avallable would seem to
need 1little discussion, It is self-evident that 1f ocne

does not have the equipment to do what he would 1like, it

. remains only to do the best possible with whatever 1s

available, Broadly speaking, however, plantmix construction
is preferable to the mix-in~place type at anything like a

similar cost,
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Principles Covering Mixture Design

Thers areAmanthyppe_of road surfaeing in which the
mineral aggregate is beund.together by some type of biltumi-
. nous materialg The several types or variations have been
‘given names, gnd in-many cases sharp distinctions have been
‘drgwnﬁ_sthhgﬁgthe.lgyman and quite often the engineer is
‘ aptﬁﬁqujeel}tégthpgey ﬁeve little in common, As a matter
of fact, différenqee befween the various types is largely
only e mabberof dsgree.
};:Host_gepgeﬁtiq:binders are residues from the distil-
_lation of esp@eltic;beee'crudes and may vary 1in consistency
ﬂﬁgm.Very‘glgiﬂ.reeq oils and cutbacks to hard paving
asphalts, He@ever;‘alllroad asphalts are liquids which
vary chiefly‘ig degree‘of congistency or fluidity,
.Minepal\%ggregeﬁee also vary, They may coneist
entirely of e;nd or fine particles, as in the case of
sheeot asphalt;paqe@entj or.may consist almost entirely of
coarse partlcles, for macadam design. There are also
numerous types of open and dense graded mixtures which
include both eeerse and fine aggregate.
- Each of the above types have thelr advantages and
disadvantagee; and all “have their loyal exponents, There

are 1arge areas,xmhole states in faet, where the pre-

_vaillng construction 18 of the macadam type. Macadam type
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of construction utilizes coarse rock, usually crushed parti-
cles, which is sgpread upon a prepafed subgrade and the-layer
of atone impregnated with aéphalt by the penetration method,
Such construction produces a pavement with large vold spaces
and a relatively small number of points of contact between
the particles of aggregate, The percentage of asphalt by
weight is usually not high, probably ranging between three
and four per cent by weight of the average, Due to the 10W
surface area of the éoarse aggregate,-the film thickness, or
coating of asphalt, is quite heavy, One advantage of ths
macadam type of construction 1s the possibility of using
coarge rock, and when aggregabte is produced from crushing
ledge rock, this fact is an economic advantage. The heavy
film thickness of asphalt tends to resist weather action,
The large rock with few points of contact and large void
spaces makes a pavement type that is not Critiéal; The
digadvantages are that such construction is difficult to
place to a smooth riding surface, the large voids provide
eagsy entrance of water, and it 1s usually necessary to apply
a heavy seal coat treatment at intervals in order to prevent

the entrance of water, If the foundation material is

clay~like or hag any tendency to become soft and plastie, 1t

will work up intoc a maeadaﬁ pavement and destroy the stability,

It should only be placed on a firm subgrade which is unlikely to
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become soft aﬁd plastieu This type of surfacing, however,
has greater fi@xibilitjiand will deflect to a greater
-Idegree‘withou%lcraeking than will the fine graded mixtures,
The moetiﬁideeﬁreee type of pavement, throughout the
| Western State;jat 1eaet is the dense graded mixed type.
Thls pavement may utlllze any type of bituminous product

' from road oil to hard asphalt but for greatest economy

: and adaptablllty to local conditions is probably best

represented by the type uging road olls or liguid asphalt
as & binder with local dense graded aggregate,

The gradlng of the aggregate may vary con51derab1y and
still provide ‘a satlsfaetory surface, It ig difficult to
eet forth the: prin01p1es which cover particle gradation in
simple terms 1nasmueh as they are variable and depend on a
number of consideratlons The simplest way to make the
matter clear is to enumerate the most imporiant qualities
which 2 satlefeetory mixture should have, It is then
p0551b1e to descrlbe the factors whieh affect these quali~
t;es. The mixture should produee a stable pavements in
eﬁher words, 1t should not groove, wave or otherwise de-
form under the action of rolllng vehicles, High stability
results from a mineral aggfegate in which the rock

=:'

- partleles arewrelatively rough -and which possess a high

degree of frlctlon to re81et gliding betwsen adjacent

B s

partlcles.' This frletion must not bs rsduced by adding

wbom
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too great & guantity of lubricant to the sggregate; in other
words, an excess of oil or water or both will lubricate the
mixture and particles will move about with considerable
faellity, the result being an unstable pavement. The effect
of lubricants, i,e, oll or water, is greater when the parti-
clea are sméli and the points of conbtact numerocus than when
thé'particles are ceoarse, In actual practice, then,
stability is secured by adjusting the amount of asphaltic
binder fo the particular aggregate and by reducing the
moisture content as low as posgsible, preferably below 1%%
by weight,

It is.alsd good pfactice to avold an excess of filne
dust, as such mixtures are critical and instability most:
frequently occurs in mixtures with a high dust content.

This is not to say that very fine mixtures cannot be made

to give satisfactory results, only that it is muich more

difficult to produce a stable product,

A satisfactory surface should not ravel or fail from
abfésibn, RaVeiing ig due to a deficiency in binder and
ig always curable by increasgsing the amount of oil, With
these two items, then, the amount of oil or asphalt for
proper design lies between the excess which will produce
instability and the deficlency which will result in |

raveling,

==
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Permeabillty 00n81deratlons
. l i

Another important consideratlon in pavement design
involves the passage of water through the pavement. This

matter is not nearly as 51mp1e ag 1t was once thought to be,

s

A great many failures have occurred because rain water or

- meltlng snow peroolated through & porous pavement, satur-
atlng the foundation soil to such an extent that bearing
power was greatly reduced The wldespread belief in the

' neoe581ty for Seal coats origlnated largely from these

experlences

However;swhile there 1s.a great deal of evidence to
show that porous pavemente have been the cause of fallures,
it is now belng recognized that natural soils and sub-
gradee will have good bearing value and support consider-
able loads eohlong ae_the molsture content is malnta;ned at
eome equilibrlumy and this equilibrium is often realized
only when evaﬁoratibn of ground water takes place, 1In

other worde, the water rises upwsard through the soil

slowly and evaporatee from the ground surface, Evaporation

proceeds rapldly enough in many cases so that water does
not become eonoentrated in the upper layers and the goil
has con81derable supportlng power If thls soil is

covered by an impervious pavement however, so that

evaporation 1e prevented,vvater will slowly accumulate

untll the liquid limlu is reached, and if ihe subgrade .is a ‘

plaetic type, ‘the eupporting power will be destroyed.
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Therefore, it becomes necessary to know in advance whether
or not it 1s safe to place an impervious blanket over an
existing roadbed soil,

This copdition may be met in several ways. The natural
plastic soil might be covered with a layer of harsh, granu-~
lar material which 1s not readily lubricated by water and
which will retain.its stability even though the molsture
content is quite high., Another method which i1s being con-

sidered in several areas utilizes the construction of a

-relativély dense graded pavement 1in which the pores or

voids are small enough to prevent the entrance of any
quantity of rain water,'but which will permit the suspira-
tion of water vapors from the subgrade. Such a design is
gulite within the bounds of practicabllity and would seem
to offer a solution to the problem at the lowest cost., It
may be, however, one of those expedients often described
as, "a good trick if'you can do it "

Ag said before, almost any gradat?on of aggregate may
be uséd for the mixed type of construction, although the

coarger dense graded types without excess dust are preferable'°

Registance to Water Action

There 1s another property of mineral aggregates, however,
which must be recognized if the pavement is to be durable and
regist the action of weather, ALl types cf rock or gravel

are not equally suitable for combination with asphalt,

=G
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Asphalt Willfﬁ%t'and adhere to some rock surfaces very
strongly and éﬁﬁndﬁnbea%eédily displaced, There are other
types, howeveéi in whieh the asphalt is readily washed off

bf'water; ‘Thf%’Whéle éffect 18 'due to selective or prefer-

"entlal adsorptlon ‘énd there are a great many variations and

ramifications of the phenomenon Generally speaking,

asphalt w111 adhere strongly to limestone and trap rock,

'and ‘does not adhere well to siliceous material such as

quartz5“chert”'etc' ”Mlneral aggregates are classified in
this regard as hydrophlllc {water-loving) or hydrophobic

(water~fear1ng) - The hydrophoblc types are much to be

ituminods construction, All aggregates
should be te§£€dlto determine their relative affinities for
w&téf and for*asphalt,” A strongly hydrophilic aggregate

shoUI&”ﬁeﬁ'befﬂsedﬁunleSS adequately protected,

aslio.com

Séloction of the Asphalbic Material

':SEIéCtioﬁ'of'ﬁhe esPhalt material depends largely on

" thé ‘type of constructlon" in other words, it is impossible

‘to- use hard asphalt in roadmmx work, hence roadmix opera-

tions require a fluid product whlch can be handled under
the prevailiné conditiohs° Very fine mineral aggregate
requires a 1lght oil of low viscosity, whereas a macadam
type inevitably demands a muoh heavier binder., There is
nevertheless a eonsﬁdefable range of asphalitic products

which can be utllized ir. Yhe various types c¢f construction

~i0=
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and the checice must depend somewhat on weather conditions
and largely on the degree of‘hardness - rigidity or freedom

from brittleness which is desired in the completed pavement,

Determination of Proportions of Asphalt and Aggregate

The determination of proportions of asphalt and aggré-
gate 1s affected to some extent by the conditions of ser-
vice, but most definitely by the character and grading of
the aggregate, It has been demonstrated that it is possible
to produce stable surfacing layers with almost any grading
of mineral aggregate with a wide variety of mineralogical
types ranging from very soft to very hard particles, These
successful surfaces, however, must in each case have the
bltumen content proportioned to sult the Individual re-
gquirements, A number of formulae and methods have been
proposed and many are still in usge Ffor making this determi-
nation, In California, we proceed on the assumption that
the amount of asphaltic binder is directly affected by
the amount of superficial surface presented by the aggre-
gate, In other words, each grading and type of mineral
aggregate requires that a certain film thickness be
spread over the particle surfaces, and this thickness of
film must vary depending on the fineness of the grading,
character of the partliecles and the grade of asphalt, In

California highwsy practice the amount of asphalt is

www . fastio.com
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fés%ﬁﬁat@dfﬁﬂdéfsﬂrfac@”area'analysis-or‘the Centrifuge

" REPOTEHs Equivalernt Mest,” The osloulated results are checked

by means of ‘Stabilometer Tests,

'"lAlmost-ail'of*the:desirable properties of a bituminous

' péVémeﬁt3éﬂcdﬁrééé”the use of a high percentage of bitumen,

For  eXample, résistance to weather attack, resistance to
gbraafon; §61f4hEa11ng 6f cracks, latitude for reworking,

dtc. ) ‘are afiﬁﬁéh%idéfétions which are benefited by a com-

pafatively tIGH MR tHFe, Stabllity, however, 1s always

h

rediided 1f*£h§hbi%ﬁﬁéﬁ“éontéht is too high, and in many

dééééyhoﬂﬁﬁﬁfﬁ“%ﬁaiﬁtféé'are reduced by too much asphalt,

T o gun UpTERe ‘§1tdation, then, the bituminous pavement

miist have SevéPAl ‘didtinct and separate properties in order

to”mﬁbt'ﬁhéiﬁﬁf%iﬁig demands which are made on the pavement,

1l pavetient’ mist be sufficiently stable in order that

1t 'Shall not ‘Beeomé réugh or éorrugated under the action of

'folffhé'lddﬂgfﬁf undsr 'the drag of brakes, Many types of

apPErEtUs hafe “beer "dévised for testing this property in

' the ®aboratofy ! Péliowing is a partial list: An impact

test by BesdsHy rod penetration by McNaughton; ball pene-
tration b?”H%ﬁéj*ébmpressioﬂ and radial fracture determina-
tH6R By Tayldr; odpgheddion teost by Ulman and Milburn;

shear tes'ty By SkfdioFs anid Abson, and by Stokes and

Fapdbd; add s donptex Hsar by Hubbard ana Field, In

California, we have dur own staoiiity test, bthe Stabilometer,

AL
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According to the viewpoint expressed here, the stability

of thélpaﬁemént is due to & combination of two gualities which

are posseSsed to some degree by all bituminous mixtures and

by most natural soils or granular materials, The resistance

'to distortion is apparently determined by the amount of

Triection between the particles of aggregate, alded by the
coliesion developed by the binder, It is possible to test

either of these qualities sepératelyg and 1t appears that

“the stability under traffic 1s more significantly related

to the friction than' to cohesion, although cohesion can and

doeg play a considerable part in certain cases,

Cohasion
One ilmportant factor which 1s often overlooked is that

any steps taken to imcrease the cohesion resulting in

greater density of the mixture and a high percentage of

asphalt will often reduce the friction at the same time,
andlwhat may aﬁpear to be a gain in one direction is over-
balanced by a greater loss in another., Nevertheless, some
amounﬁ of ecohesion is necessafy fof a.successful péveﬁent°
As an offhand épiniong it would seem that an enriched
surface using qomparativély soft, pliable asphalt wauld be
the most suécessful meansg, A sofﬁ ductile liguid sﬁch as
200~3OO penetration.asphalt can develop a tremendous
Pesistanqe‘ténhigh épeed abrasive action, A relatively.rich

wearing surface ié generally beneficial in promoting the

life of the pavemsent, )

~13~.
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Durability

[

e It has 1ong been known that asphaltic pavements require

e

Y certaln amounb of trafflc or kneading to preserve their

'1ife andnprevent;themrfrom going ™dead." Recent studies on

the characteristics of "asphalt appear to offer an explana-

tlon for th1s50ften observed phenomenon It appears that

(.

asphaltlc materials when spread out in thin films over hard.

-“.'!

surfaces tendéto alter in a manner which might be loosely
descrlbed as crystallizatlon or segregat10n° more precisely,
there is & tendency for the colloidal material to flocculate

-

under the influence of tlme9 high temperature and sunlight,

It 1s probable that the continuous kneading and working of

the surface tends to remix or keep these materials in their

..-u“ _»... [

orlginal state, Whether or not this is the true mechanlsm
|
there is 1ittle doubt in the mind of anyone that richer

RN
.J

mlxtures have_longer 1ife and are much more durable, All

ﬁ of ﬁhese constderations have led to our following one

Co e

31mp'e-pr1nciple 1n mixture design - which is, use the

greatest amount of asphalt which can be ubtilized without
developing instability, But it should be borne in mind

that 1n many;cases the greatest amount is not necessarily

s B

a 1arge amoun

ClihPD M fastio.com
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To summarize then, in order to construct a satisfactory
bituminous mixture, the first and most important essentlal 1is
a good base and the type of gravel-clay mixtures that make the
best type of gravel road usually make the poorest type of base
for a bituminous surface, A crushed stone or gravel base
should notrcontain more than eight per cent of material passing
a No. 200 mesh sieve by wash analysis and should not have a
sand equivalent value less than 30. The engineer should be
given the information obtainable only from testing the aggre-
gates intended for use in the bituminous mixture. It 1s not
possible to estimate theiamount of asphalt by the appearance
of the mixture and such factors as the specific gravity of the
stone, the degree of porosity, the sieve analyais and the
roughness of the stpne particles should‘all be evaluated by
laboratory tests in order to know the amount of asphalt which
should be included. TUse of the sleve analysis and the
Centrifuge Kerosene Equivalent msthod usually serve to giﬁe a
very accurate indication of the amount of asphalt that should
be used. All test procedures and design techniques are
useless, however, unless theroonstruction opefations are care-
fully controlled. It is the primary function of the resident

engineer and his assigtants to establish and maintain uniformity

‘and this is especially important in controlling the amount of

asphalt. A wide variety in types and gradation of aggregate
may be utilized but control and uniformity are essential in all

cases.

=15~
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SUPPLEMENTAL PAPERS
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PAVEMENT DESIGN AND MATERIALS CONTROL

"Use of Stabilometer Data in the Design of Flexible Road
Surfaces," Proceedings, American Road Builders'! Associ-
ation, March 1939, pp. 167-=172, '

"Gradation of Mineral Aggregates in Dense Graded Mixtures,"
American Road Builders' Association, March 19,0,
California Highways and Public Works, Vol, 19, No, 6,

June 1941,

"The Centrifuge Kerosene Equivalent as Used in Establish-

ing the 0il Content for Dense Graded Bituminous Mixtures,"
Proceedings, The Asscciation of Asphalt Paving Technologists,
January 1942, Celifornia Highways and Public Works,

October 1946,

"The Design of Seal Coats and Surface Treatment," (Joint
Author with W, R. Lovering and George B, Sherman)
California Highways and Public Works, Vol, 28, Nos, 7, 8,
July~-August 1949,

"Density Versus Stability," (Joint Author with B, A,

Vallerga) (Prepared for presentation at the Annual Meeting
of A,A,P,T,, Cincinnati, Ohio, January 28-30, 1952),
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