ASFPHALT IN RELATICH TO THE HIGHWAY IMPROVEMENT PROGRAM

Paper presented by Tuos: Hi MacDonald, Cnief,

U. S. Bureau of Publie Roads, at the Eleventh
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Out of this conference there should come & determination
to restore to asphalt a certain degrec of lost dignitky, a more_
responsible and responsive attitude toward the material itself.
The time was when this highly valuable and useful fesource-
occupied a posifion of its own ~ no matter if the dimensions .
of sales were small compared to the present, it has neverthe-
less its own particular place in the sun and the solicit-ous
concern of the industry which produced it., Now with the sales
mounting year by year, it has in large meoasure been forced
into the position of a by-product of the mammoth petroleum
industry, with the socondary attention usually accorded the
smaller interest of any group.

While this may havs developed quite without intention,
it is not a sound attitude eithcr from the public or the
industry angle as & permanent policy. It is wholly with the
thought and the apprecmtlon of the intrinsic valus of this
material at its best that this enalysis is brought to thls

conference. It is to be hoped thet the important inplications
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:and potentlal impects of the asphalt agroup, one of the smellest

fupon the petroleum industry as a whole, will bo self azppoaront nnd

 wi1l command the attontion of‘tho rospongible laenders of -this
 industry. |

The analysis of the broand relction of wsphrlt to highwry
 improYam9nt iz develeped undor thros topics, eoch enlculated to
.prosent considerations of widoly difforont chernctors but nll of
fwhich‘aupport the conclusions. These uro:

1. General trends saffocting the use of asphalt for
highway improvemont.

2. The factors fecvorable to exprnsion in the use of
agphalt,

3. The factorz of uncertuinty in eongineering tochnique
advorsaely affacting the uso of, and thoe romults
from, nsphelt.

51. General trends affocting the uso of nsphalt for highwny
improvement,

(1) Growth in numbors of motor vehicles in service

1924 cbout 15,000,000
19%b ovor 20,000,000

' (2) Chanzoes in distribution of incomo from hishuay
user teoxes

From 1927 tc 1936, inerorsa of total toxus
collocted -~ 90%

192g total ¢)6o 000,000.

19%0 totel $1,057, OQO 000,

For Stato highways, 1927 - 7%.1%
1936 - 55.2%
A loss of - 17.9% of totel
collactinng,
For local roads and stroots: 192] - 22.0%
9“»0 - uﬁ %
A net goin of - 3%
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But in the actucl emounts involved, while the incoms =
increased 90%, the amount for State highways increased

only 42% and the amount for locel roads and stroets =~

incrensed 115%.
Chenges in the administroation of roads.

In 19%0 miles under State control - 324,496

In 19%6 incressed to a total of 533,144 miles, or
a 64.3% added responsibility in 6 years. -
This percentage incresse of 64.3% in mileege,
which has become a State responsibility, -
should be contrasted with tho 42% inereaso
in dollers 1927 to 1936. '

In 1936, 10 Stotes added 10,696 miles - 5 States

have tckon over essenticlly all of their S =

public roads under State control since 193l. ;,%
Chrnzes in sources of tnx income,

Along with the shift of road milosge to State
responsibility has comoe nlsco the shift of taxes from
property teo road user toxes. This fact, together with
the incrensed items of mnintencnce ond other oxpenses,
accounts for the States' lock of funds for new
construction and reconstruction. '

Divarsion of roed uscer texes income to other than road
pUI'pOSes.,

In 1927 - 95.1% of totel receipts were mede
availeble for rond purposes P
In 1936 - only 80.3% - - & loss of nearly 15%.

The netionsl need for safe highways is resulting in
more costly highweys,

A careful study of changes in tho design of highways

28 actually built over the past fow years shows en increase

in cvery det=zil, such os widths of surfacing, of shoulders,

of right of way, incressed sight distnnces, eesier curves,

flatter slopes, divided rozdways; these and many other

major and minor items, which add to the previcus cost levels
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Even though only a frrettion of the safety problem

can possibly be met by such highor cost highwoy designs,

it i{s evident thsat very loree expsnditurss will boe made
in the attgmpt to solve tho wnroblem in this way, The
increase of motor vehicles continucs after renching an
unbelioveble total. The averrzs spood of the lightor
unit itdelf and the differcentinl in speed, porticularly
dn grades botwean the light rnd tho honvy uaits, beth nre
_adding immensoly to the soriousnoss of the difficultios
confronting highwey officinls., Thisg incroesc iun spead
and in numbers 18 ropidly relegating to the peat larze
mileagoes of untrected gravel, sand-cluy, ond weterhound
macadam typea., Sufety ns woll <8 gconcmy of mointenonce
dictate,

2« The factors fovorcble to the expansion in the use of
~asphalt,

When asphnlt was & product rather then a by-product,
it wes used lergely in the form of nsphalt cemont fcr the
higher types of pavement, such ns shset nsphalt and esphalt
conereto. As leto o5 1924 asphelt comonts constituted
bbout 70% of tho totel tannnren of ngwinlt products used

" 'in road construction, and oven in 1629 nbout 577 of the

total consumption for this purpose. In nddition to the
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use of asphalt in the form of cements, there was an-ecrly,
end consistent use in a number of States of tho matorial
for surface treatments. The grezt incroass in ite use,
however, grew from other developments.

(1) The use for "oil-mix" surfaces.

While doubtless other States had been doing
more or less along the same line and the Bureau of Enblié
Roads wes furthering experimental projecfs of like nature,
the Orcgon Highway Commission in 1923 began experimenting
with the cil applied to the fine crushed rock and gravel
surfacings that had boen so oxtensively built in the
western States, These experiments, designed te eliminate
dust and tc conserve the roed, were so successful that
during the next three years several hundred miles wereo
built in Oregon and other westsrr Stntes. With experience
the technigque developed into standard practice and a now
type of surfacing was definitely esteblished. The effect,
as reflected in the reports of the Buresu of Mines, was tc
jump the sales of road oils from 300,000 tons in 1927, to
nearly 1,400,000 tons in 1932, and to about the same

figure in 193b.

(2) The use of "cut back" asphalts and asphalt
emulsicns.

The potrcleum products, commenly known as

road oils but more accurctely designated as slow~curing
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"“?—.;-i:‘l‘«iqﬁid‘aéphal‘bic‘ rosd materisls, were used in all the early

‘xt"_z,,,{:i;iihm1x~éonstructipn and are still being used in much of
':v';.’thﬁé"preée‘nt-déy? work, However, experiments begun in 1929,
lz;j’whi’éh the Buréau of Public Roeds and the Division of
r‘inghwaya of the Californic Deuartment of Public Wurks,
"'gbqperutéd, ‘demonstrated the morits of cut-back asphalts
in this type of construction, and since then their use
| "‘:’{i“}:'xas 'r‘gx"own enormously both in tho west and also ir the
:"eaét'where they cre usec extensively in surface trectments
‘ond retread surfrces. As & result the consumption of
out-backs rose from 130,000 tons in 1929 te morc then
1,000,000 tons in 1936.
The greet chenge in proctice in bituminous rosd
construction thet tock place frem 1929 to 1936 is illus-
kt‘mtad by tha‘fact thet during this poriod the total

- consumption of roed oile snd cut-back asphalt rose from

2 :;'nbcut’ 930,000 tons to more than 2,400,000 tons ard the

:»«’,ccnﬂmnp‘oimx of asphalt coments declined from H7% to 21%

_df tho tciﬁal‘ used’ for read purpcses., Similar inerecso

in the use of mphalticl emulsions developed during that

poriod. Prior to 1929 the Buroru of Mines ¢id nob roport

~ the consumption of emulsions. In thet yecr 14,700 tons
~of nsphnlt wore usod ir emulsicns pmr‘\.uc‘ea 2t the

rofinerios and in 1936 this figure hrd risen to 53,000 tons.
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However, these figures meroly illustrato the trond in
the use of emulsicns and@ not the retunl qurntitios uSeﬁ,:ﬂ;'
since o high porcentage of the cmulsions produced are

manufectured elsewhere than at the refinery. Thus, the

refinery preduction in 1936 accounted only for 12,500,000‘
gallons of on estimeted totel production of nearly
56,000,000 grllons,

Thus in addition to the bituminous surfecings

using asphclt cemonts, since 1923 an endless variety of‘ R
so-enlled typos heve beon Cevelopod and used on o | .
national seale. From the meterial angle the chiefl differ-
entiation is in the form of the bitumens, i.c,., asphaltic.
oil, "cut back" asphalt or QSphaltié emulsion.

(3) After long years of research in scils by the
Buresu of Public Roads and n number of the State Highway
Dopartmonts, the new science of seil stabilizntion for_i
application to road builﬂing has been developoed td;thé
point of zererel use. It is o fundamentgl reguirement ,k’"
of 211 roecd building, of the standare pnvement types, oS
wall as of the scw-called low cost types, if the meximum
service is secured from the construction.

Soil stubilization &t once holds the possibilities

of remedyins the most potent czuse f feilure of the low
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cost types of surfacings and of extencing the use of
bituminous materials‘for:%he‘purpose, - an alﬁost perfect
potentiality that probabiy will net be fully déveloped
because of the assumption that this new soil stabiliza-
tion market is a certain one for this matefial. This
‘is by no means true,
%« The factors of uncertointy iﬁ enginsering technique

adversely affecting the use of, and the results

from, asphalt.

During the sorlier period when the use was essentially
confined tc the asphalt ceméﬁt form, the crudé material
came from a few known sources with established service
records fof the material es processed cnd used.

There was a rether genersl feeling of confidence in
the Spécification reﬁuirements in common use., Through
long usage these requirements hzd bec;me.practically
standard and were generally accepted, with little
guestion, as being adequate for the control of quality.
Doubtless this confidence was justified during this period,
but now it would be & mistake to view the requirements, as

applied to asphalts of the present day, with any such

confidence.



Rather coincident with the development of new prébﬁiﬁés
in bituminous road congtruction came alsc major changeé in};;
the production of esphaltic road materials, Whon the use ’
of semi-solid asphalts predominated, the erude potroleumsvif’
from which they wore refinod not only genorally came from '
a relotively Tow sources with well-establishoed records but
the methods ¢f refining werg such ng would not subject the
materials to excessive temperatures or pressures. The
discovery of new oil fields and the developuent of new

refining processes in which high temperstures and high

pressures are utilized to increcse the yield of gasoline,‘
resultod in a chnotic stntus, Now asphaltic materials

ere derived from a great variety of crude petroleums of
varyins cheractoristics. Thesc materials are refined by
numergus methods, including both those in which  only
moderate temperatures and pressures are utilized and |

the cracking processes in which the asphalticrrasiduqls
are altered nore or 1lesgs seversly by high temparaturég Qnd.  ~l
high pressures. The number of conbinations of variabiea‘

which may affect the quality of the finished product

are enormous. To these possible veristiss mey now bo

added synthetic asphelts which, if rot already horo, at

least ars promised.
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Barly in the period which has seen such an
enormous increaze in the use of liquid asphaltic
materials, failures of the lower-cost and lower-
type surfaces in which they were used aroused
doubt as to their guality. Continued failure or
inferior performance has sustained the interest.
More recently it has even extended, apparently
with good reason, to asphalt cements which
previously had not been the object of serious
suspicion. That this interest is widespread
is indictaed by the replies to a questionnaire
circulated latse last year by the Highway
Research Board. Thirty-seven States returned
this questionnaire and of these, 14 reported
failuresof asphaltic road surfaces definitely
attributed to the quality of the asphaltic

material.
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This interest in the quality of asphaltic road materiala  f*
has resulted in much investigational work by various ogranizatianst
and individuals. It has resulted in the adoptlon of new Spec&f1~’«fj‘
cation requirements, or the resurroection of old ones, designed ta fT
insure materials of satisfectory quality. Among othors are re-
quirements for sulphur content, f{luidity factor, flost-test index, -
susceptibility factors and ductility at low temperatures. ane
of these are trus tests of quality. While thoy may exclude aa@o
poor materials they will also exclude materials known tq ba gqod.}
Some good matorials thet will not meet cartain restrictive faq&i?e?iﬁ&
ments may be made to do go by subjecting them to apecial prqc&ssf‘
ing. Such special menipulation may produce an asphalt meeting
certain specificotion roquirements but does not necgessarily hnprovak
the product and may dofinitely injure it. Tn viaw of these facts
the Bureau of Public Roads in genoral has discouragoed the inc;usiqn
of diseriminatory requircoments in specificationa for Federalgaid e
conatruction, ‘ ; ,‘ 

The Oliensis spot test is ong of tha tests of diaériminatcry J  5'
character, deviged for the identification of cracked or over—heated 

materials. For this purpose it eppesers to be qu1te satisfactery

but it has never been claimod that it is a test of quality, Sincei*: '

nowever, the finger of suspicion points most strongly at cracked -
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;iproducts, the Buresu has been willing to approve it in those
 States in which the highway officials consider such action neces-
;fééfy in the interést of satisfactory end durable construction,

- yet the purpose of the Oliensis test may be defeated, for oxample,

by the Judicious use of gilsonite.

Ax the moment, all of the tests and 1nvestigatlonal work
vhh&e not disdlosed the fundamental knowledge necessary to develop
a apacificatioﬁ that will guarantes satisfactory quality,

In addition, there is also a lack of knowledge of how to
uge the materiale to the best édvantage. Unquestionably, much of
the eriticism of performence has been due, not to any lack of
satisfactory quality, but rather to the improper use of materials
thaet would have been satisfactory if their peculiarities had béen
recognized and teken account of. " Asphalts of the same grade produced
from different crudes are not necessarily alike in all their
characteristics, one of the chief differences being in suscéptibility
to changes in temperature., One asphalt cement used in hot-mix
construction may bsc handled satisfactorily at 325° or 350°, while
another asphalt of the samc ponetration grade may be entirely too
fluid at this temporature. Obviously, the second asphalt should
be mixed at a lower temperature than the first but this difference
in the required method of handling is frequently overlooked in

comstruction practice. The unsetisfactory result is, of course,
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attributed to tho asphalt itself rather than to: the’ lack cr
knowledge as to its proper use. Likewise, differences in

the rate of hardening of cut-back asphalts of tho s&me,graaaf;

load to similar criticisms.
The degree of hoat and time of nmixing in plont oparn*f“

tions affeet tho quality of the finishod pavoment. All

asphalts are altered by hoating and mixing wiﬁhvaggregcte, j r L

but some are altered more severcly than others.  Efforts A

are being mede to control the alterction in the esph&lt that ‘,l;”‘

takes place in hot-mix peving operations but much remains e
to be lsarned regarding the degros of alteration'permissibla'
and the best means for meesuring it. .

Specifically, what is lecking in the knowledge -of -

asphaltic road materisls? The answer might be made highly‘
complox for it is a highly complex problmm, but for thS‘pu#f;»’fk:;
pose of this discussion it can be greatly simplified. The g
primary funetion of asphaltic materials usc¢ in highwayfcén«¢  !
~ struction is to bind together the particies of:minbral‘éggfaQ 
--gate that the resulting rozd surface may be sfablefand
. resistant to disintegration due-to traffic and weethering
. action. It is necessgry to know how to measure the'weathef4”
- ing qhargcteristics of gsphalt; how to ﬁeteimine the factorS"
“‘that affeet the adhesion between nggregotes and asphalt;

" how poor adhesion may be improved; how to take nccount of
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the peculiarities of esphaltic materiacls from different
sources that each may be used tc the best advantage; @nd
finally, how to haudle asphelts durinz constiruction thet
they may not be dameged unduly, This rather simple state-
ment becomes truly impressive in the light of the enormous
sumber of varisbles that must be evaluated by careful re-
-search to produce the required informetion, And to the
problems that concérn the construction of adequate bituminous
surfaces, thers must be added all the problems that have
arisen end will srise regording the use of asphaltic materials
in the stebilizntion of basz courses and subgrades. In this
Tield aro large potentimlities for future increases in con-
sumption.

This roview of the relation of rsphalt to the highway
improvemsnt program is not by sny stretch of the imagination
submitted &s all inclusive and no ottempt hes been made to
olaborate any item in detail. It has been prepared for the
purpese of bringing to the attention of the whole petroleum
industry the uncertcinties and blind spots in the specification
technique for insuring the desired quality in asphaltic
materizl when in plece in road surfoeinss,

From tho facts presented and their implications, the

following conclusions arc drawn:
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Conclusions and Recommendations

1. The general tronds in the ficlds of highwey finance ’,‘ma{
highway administration aro.dafinite and serious. The availabler‘ffg
funds aro falling'beﬁind the necoessities snd this lag will becdm9 QQ
gquickly evidont with the curtailment of Federal spending. In théf i
face of the facts, the uttor futility of the agitetion for lowé£ !? 
taxes on motor fuel and motor oil is self apparent. These éréf?§;’ 
moro likely to mcve upwerd., The only pﬁssiblo alternntivesafé\fi
to stop diversions ¢of the income from’these tﬂxoskto other thani; ‘3&,f1
road purposes and tc producs more durnble surfacings for lowef 5
costs. This will roequire both bettor meterials and mothods.vu

2. The potroloum iﬁdustry is éependent upocn the usec .of
adequately improved ﬁighwnys, inéluding streots, for its major
market. This is self-ovident. The relationship and the efféct, ‘~u
of the whole series of road problems upon the indusﬁ%y gé farx’
beycnd this point. Taxes‘upon the products, road maintsnaﬁce,
roadyconstruction,’road costs, diversion of uSoi tax 1nc§ma; 2
relief of congestion, scfe highways, - a1l these and‘many more .o
have an ultimate and decided boaring in the aggregete upon the iﬁ~': 
dustry as 8 whole, Many of these items in turn are grfected‘in a
mejor woy by the serviceability and costs of road surfacings. 
In these, asphaltic matericls are important. Surely the intelli-
gently selfish interest of the industry is inevitabl& far greﬁter el

then the dimensicns alone of the market for aspholtic rood materigiag
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3+ While not true perhaps of individual units of tho grgup,
the incdustry ns a whole is not carrying o reasonehle share of the
load or taking a reasonably respoensible attitude toward the CXpoi-
gion of the technical werk now necded,

4. The older and newer uses of the meterial taken togather
with the known and estabiished validity of the service of which the

material is capeble, make possible a crnstantly increasing demand.

To meet these conditions there should be o nationzl resesrch
program developed by the Highway Research Board of the National Re-
search Council. The Asphalt Institute is & competent agency tc

represent the industry in such a program, but it needs much larger

suppert funds, - several times its present amount, - to finance an ‘!
adequate participation in the research program.

With the industry faking up its responsibility in this manner,
the Stete highwey departments and the Federal Bureau of Public Roads
will increasse their research activities to the extent necessary te

assure the success of the national resesrch progranm.



