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(i) When tooted in the field, tha aggrtigetes Icy in 

e seme ordar, fro^i the standpoint cf resint^.noe to degra­

d e ,  os when teitod Jn the lrborntory by me'an* of the
, * 

rushing test.

(i i )  The way In which the nddl^ion of bit-au.'.nous 

binder r.ff-ots the oorarlnution jheraot9ristic3 of dry aggre- 

fates deper.do na the W ’Op^rti** of the birder. This oonclusica 

aocords with che lubrication hypothocis advanced in a

rovious chcpter.

( i i i )  Correlation was found to exist between the 

results of t■i." c-^shirg tost end field rae'.’lt j  determined by 

means of a 10 ton rc llor on o woter-bound nr'indnm foundation.

idu. m

75.

lling op~r» tic s, fnd 3hould hn ’e inoroesed the crushing 

the aggrtitrctss.
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The degradation of rood aggregates 6" rollers and 

traffic during the consolidation process lc unavoidable, so 

that the mechanical analysis of the etone ingredient in a 

road bed is usually lr e continual state of change towards 

en ever increasing reduction in size.

The Destructive Affect of Iron-tyred Vehicles.

It is well-known that an lron-tyrsd vehiole does en 

lmreaeurably greater amount of Aansge to road3 th*n a similar 

vehicle equipped with pneumatic tyres (7 9 .a ). The damage is 

noticeable to a narked extent on road* which have received 

gone f o m  of bit oil no us treatment. A heavily laden vehlole 

with steel tyres exerts a tremendous pressure on the road 

which is distributed over a snail area. The undulating white 

trr.cks (composed of rock dust), which ore formed by the pee­

rage of horse-drawn carts and ox wagons, are still a conmon 

sight on the MsuiIqouh savings of the ITigh Velds of flouth 

Afrioa.

The niatrlbutton of the breakdown of abrogates ln a _

Road structure. *

Acoording to the ourrent theories of load distribution 

in h pavement, the distributed load from superimposed forosa 

on the surface decreases progressively with an lncreesa in 

depth, until It  ultimately disappears. The wearing surface, 

or riding carpet, then, la the portion of the highway structure 

which suffers m.st severely tram  the forces of degradation. 

Hence soft, friable stone is generally U£*>d only to r  lower 

courses and not for wenrlng courses, M U  medium qu U t j  

stone Is used for water-bound macadam pavements carrrlrg 

medium trafflo . Fard, tough stone finds the greatest

• 1



our in the minority of su rfa c in g , either in the form of 

“-*n fltone or ohippings for wearing courses, or for surface

*singe

r.alflcetlon Effect.

The disintegration of aggregates consequent on compaction 

«n gives rise to n dense, impervious bituminous surface, 

er (122) has claimed that in the construction of bituminous 

ements with slag of a soft nature, a certain amount of 

ahing is desirable for filling  the voids and binding the 

emenJt oourses together.

Hermann ( 6 4 .a) believes that the minimum void content 

a mixture is best obtained by the use of a high proportion 

ooarse-gralned material. The mix employed should contain 

t i d e s  of all 3izea, or ero-esslve alterations in part’ oie 

ae will arise during compaction and wear. The distinction 

tween compaction and compression ia emphnsised. Compaction 

sista in the fillin g  of voids by the fine particles pro- 

ced from the breakdown of larger rartieles under traffic 

reasea, as in the stabilising of macadam. Compression, on 

e other hand, oonnists in the pressing together of existing 

rtlcles, as with bituminous conorete. 

prugetlons. Ttevellliiff. pnd rot-holing.

High quellty surface? must be both dense and ntabla, 

a. reslatcnt to dleplaoement and to liability  to corrugate.

Loo* wave corrugatlona, about 30 In. In »e»e length,

.a  baan notloed by the »rtt«r  on roods posaeaalng »ell- 

paoted BUbgredaa of adequate bearing value, end »cra pre- 

tbly oeujed by the degradation or the large quentltlea of 

aliy aggregated present In the atruoture. In itially , email 

tchea of road au.-’aoe »ara denalfled by the degradation 

duct, of the flaky etonee under the Knaedln* nation of 

fflo . Those arena than resulted In n bouncing action 

the wheala of frst-oovlng Tahlalee -hloh tr.nar.Utad the 

tlel depren.lona -1th a rogularlty oonr»n In roada ooapoaad

low quality aggregates.

The oomnlnutlon of aggregate . eontrlbutaa to ravelling .

7 7 .
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p surfaoe defect In a road which ic oausad by portions of 

the mixture becoming unoouted nnd giving rise to a deficiency 

in binder. During rolling, any soft stones arT crashed like 

lumps of d a y ,  while better quality nateriel soens to break 

bv moans of a shearinr action along vertical or almost 

vertical planes (61 ). A poor quality aggregate soon bjcoraes 

| susceptible to ravelling, since the uncoated stones produoed 

in the comminution proooss do not possess cohesion to resist 

the noouring s c 'Ion  and the suction cause! by pneumatic-tyred 

vehicles driven at high apeed. Excessive ravelling, in turn, 

given rise to the creation of pot-holes, at which stage the 

road may bo regarded es having failed. 

rillerlzotlon Phenomena.

The internal movement of the aggregate component of a 

bituminous mixture results unfavourably iii reducing the size 

and perhapB the stability due to the large pnrtioles (41 ), 

but results favourably in produoing a closer grading an<? an 

increase in stability due to the stiffening of the binder 

ingrediont of the mixture by the eddition of rock filler . In 

the analysis of srmples taken from old roads the writer has 

observjd thet the bituminous binder undergoes a hardening , 

prooees subsequent to the laying of the nlxturo. The phe- 

| nononon w«:b especially noticeable in those portions of 

' mixtures which lay close to the riding surface of the road' 

and wrs Impregnated with the flues formed from the comminu- 

f tion of the aggregates. Various authors, including Abraham 

(2 ) , Bnorl (3 5 ), Pfrengle (127 ), Sohlnpfer (139),

Taylor (165 ), ant? rilhelmi (193) have described the stiffening 

action of rock fines on bituminous binders. The general 

conclu.ion is that the addition of a filler , within limits 

stabilises the binder employed and that excessive filler  

renders the end produet brittle.

The Effeot of the_0omr'[nu^l2P gLJ&fcv „ **t6 8 —

' Rl.dol and W-ibor (quoted from Holl <108.e) ) ob«er».d

tb«t oonstruoted eooordln* to .  peoirlo.tlo.

t . * 4r to destruction .oon . U.r . o w U M « |

7 0 .



oncluelon (133 .e ) was that the ftdhesi'm of bindar to stone 
C  *

sd not fulfilled  expectations. Moisture was found to be tha

^ainoause of the trouble, by reason of Its penetrating 

etween biiK'or and stone and displacing the binder, I .e . tha 

articular stone was wetted by water more readily ♦■ban by the 

binder and the stone mey be celled hydrophilic.

Hubbarcl (71) hap developed a winter storage test for 

vastigating the adhesion of asphalts to aggregates in the 

presense of wrter. Oberbeoh (1 2 1 .a ), criticises the Riedel end 

Webtr theory of hydrophilic ei hydrophobic stones and tha 

boiling test (a stone is oonBidered hydrophoblo if  boiling 

t the coated stone for a short tine with water causes no eppre- 

’ cieble separation of the binder from the etone). Oberbech 

I suggests that thtf ooeted stones should be immersed in water 

; ft norrjr.l temperature. Mallison and Schmidt (1 0 3 .a) state that 

i tha nrturo of the storage water has little influence on tha 

results obtain3d, but Suida, Jekol, and Holler (162) believe 

t that -vhan adhealon is poor, the effaot of varying the •'*! of 

the p.equeous medium is marked.

Ramchendani (1 3 0 .a ) , who38 conclusions have been oriti- 

oisad by Knight (94>, hrs assessed the relative binder- 

earrying capacities of various aggregates. Knight (04 ), 

Hubbard (7 1 ) , Ho-mann ( 6 4 .c ), Hallberg (6 0 .n ), and Lee (94),

\ agree that in r.tudying the mutual relation of stone and binder 

the surface texture of the stone is more important than Its 

chemical composition. Rosults given in e prper by Lea and 

Carter ( 3 5 .a) indioato that differences in the oese of ooating 

various typos of aggregate cannot be explained only in terms 

of surffoatexture. This conclusion is substantiated by 

Winterkorn (107) who believes that the resistance to snipping  

Of bitumen-ooctod aggregates is dependent upon the surface- 

physiosl end the ohemicnl character of the rook.

As to the effect of ths size of stone on adhesion, 

iseler ( 5 4 .e) meintoins that the sizes of stone tested in 

he stendord Ooman test for adhesion (DIN. 1995) ,re  those 

whieh are of greatest importance. Moll (1 09 .a ), however,
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noludos that, In general, the adhesion qualities c* ballast 

rrespond to those of ohippinga 1’rom the sana rook, i .e .  

heeion Is independent of the s ize of aggregate.

With regard co the effect of the type of binder, certain 

orkers (162) oontend that tar and bitumen havo a Jimi3r<r 

ftdhesivity to a given stone. Lee (W4), on the other hand, 

is of opinion that tcrs heve better wetting propurties than 

residual bi'.tumens of similar visoosity.

Improved edhosion may be offooted in various ways.

>»ers ( 4 2 .a) suggosts efficient drying of the aggregate, 

iaiiO (16) recommends preliminary treatment with tar o il, 

Geissler and Eleinert (55 ,o ) have employed creosote ->ils, 

while Cardia ( 2 7 .a ), Geissler (5 4 .a ), cud Loo and Carter (95) 

bolleve that the use of a small anowit of filler  ia advanta­

geous. In thi3 connection, the writer considers that the 

breakdown of ergregei;es in a road rrdxturo increases the resis­

tance to strippl* g of the binder films owing to the stiffening
$ *

of the binder by the injection of the rook dust formed. 

Klinkmann ( 8 0 .a) rnd Hallberg (6 0 .a) also.ooncluda that the 

visoosity of the binder has a pronounoed effect on the resis­

tance to water of the blnder-minerul mixturet 

Conoluslons:-

* The writer hiM s;.;own by means of the Riod*l and Wober
•

&<u«t (1 3 3 .a) that crushed bituminous mixtures atrip much more 

eadily then uncrushed mixtures. On this basis, therefore, a 

rovised procodure ia suggested for tho testing of adhesion.

It is proposed that, in addition to the tests norr^lly 

oarried out, stripping tests also be performed on m?*vUru3 

which have boen subjected to n stendard degree »# renpuotion 

Which is f .cm rn«M « to that experienced in servio* Hlnc* the 

•xtent to which crushing is effected by a standard oompaotife 

orce depend? mainly on the structurcl strength of the 

^ggrogates in question rnd since tho normal stripping values 

are determined by the inherent surface characteristics of the 

•ggrogftto, the results of the two types of tests will not

If*""' W"
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uecesflprllv be in apreament. The writer is of opinion, though, 

thpt duo consideration should be given to th* results of the 

gtrippirw? *s«ots on crushed mixtures’, beoause it is certain 

thP.t those ere of practical importance,

A oerteln amount of filler  penetrates into the binder 

subsequent to the comminution of aggregates in a road, re­

sulting in e stiffening of the bituminous binder and an in- 

orease in its resistance to displacement from the stone. This 

effect, although advantageous, is often overshadowed by the 

following deleterious effects.

(1) If  conditions nre unfavourable, the dust oreeted 

during comminution, inatead of being absorbed by the binder, 

may surround the aggregate and impair the adhesion by insu­

lating tho aggregate from the binder. The capillary passages 

which ere formed in the duat layer enveloping the aggregate 

will in turn facilitate the ingress of water and the shipping 

of the binder.

(£) Tho fr*oture of p ooa.ted stone orectes discontinui­

ties in the bind r film. Those result In the disruptive 

leverage effects of wrter and of the tangential forces exerted 

by traffic , and give rise to the destruction of the surfaoing.

It  may be mentioned briefly that the strlppiiig phonorao-

non here discussed, affects the behaviour of a road in various
■ .

ways, inoluding the following:

(a) Stripping la oonducive to ravelling owing to the

ereation of bare aggregate eurfaoes.

(b) The removal of the binder from tho aggregate pro­

motes instability in riding carpets which rely for their re­

sistance to displacement on the mechenlcal interlock of the 

aggregates ..a well as on the bond of the binder.

(o) The displacement of binder filns in road mixtures 

results in uncoated areas which are rendered susceptible tc 

the scouring e o t ^ n  of fast-moving vehicles. The writer ha. 

repeatedly made th , observation that the binder-ooated arono

4 f . A  fibrf'fllon th^n t he dry oj*
of a road are mora resistant to •

’’hungry'* portions.
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(<!) In road mixtures which depend on th*> continuity 

f the binder to moke then waterproof, repeated ruptura of 

e binder filns eventUBlly renders the mixtures permeable

o water.

ua 2f f eot of the Comminution of Aggregates on the Surface 
nxture ana thaSH .cK  Lap Tteslstance of a frond.

Bird and Soott (19) and Moyer (110) have investigated

the problem of the skidding resistance of a road with praotioal

tests by meens of a motor c-ole and a side-car skidding

apparatus. Bird and Scott conclude that the condition of

surface dressings is satisfactory, as regards roughness,

provided that the binder holds the chippings without covwring

them. In this connection the writer considers that the re-

noval of exoess binder from the upper portions of the

ohippings brought about by stripping or attrition, may improve

the surfcoe roughness of the road. .

Moyer (13.0) believes thnt an Important faotor In surfaces

having high coefficients of friction is the presenoe of gritty

p c rtiolas which give the surface a "send paper” texture. The

writer believes that loose surfaoe grit formed from oorjainu-

tion may land to siipperiness.

Moyer (110) concludes that the glazing or polishing 

effoct of trtffio  on oertain surfaoej is responsible for the 

decrease in the coefficients of friction observed for these 

I surfaces tested wet. It is well-known that on the Wltwaters- 

rand many surfbclngs, in which flat faces have been worn on 

the poor quality aggregates (gold fields quertzlte (1 8 9 )) , 

prosent e too sal* appearance, and display this -polishing”

effect.

Wilson (186) hea employed e "texture" printing method of 

b a o o r d ln g  .llpperlness, but oonfe.no. thnt it U  diffloult to 

jnrry  out. From o study of terture print, he fin d , thnt »

surface beocmos

(1) -rogresslvely rougher, due to dlslntegrstlon, cr 

(li) progressively smoother due to th . sinking of the 

aggregates below the riding surface*



TFT! STABILITY CHARACTERISTICS OF BITUMINOUS M IT r r 3 8 .

CKAPT3R IX.

THE STAND. R A T I O N  OF A T53T PROC:SOUKS FOR
THE SI

I r i r n M
r

After studying the existing mechanioal teats on bitu­

minous road riixtures (see appendix I) the Hubbard-Field and 

the unoonfined compression tests were selected to determine 

the stability characteristics of bituminous paving mixtures. 

Sinoe the results of any mechanical test derend upon

(1) the type of specimen employed, its dimensions; and the 

way in which it is prepared, and

(2) the procedure followed in the test;

it is neoessary to consider the effect of these variables.

(a) Tini EFFECT OF TKZ ITTIIC.HT-DIAMETER RATIO.

In both the Hubbard-FieJd and t M  unoonfined compression 

test two-inoh diameter ppeoimers were employed, except where 

otherwise stated. These were compected to approximately one

inch in height In both tests.

Hubbard and Field (7 5 .a) suggest 1 in. high briquettes 

in -.he 2 in .d la . stability apparatus designed by then, while 

Vokao (172) uses speoiffijn3 of similar dimensions in the un­

oonfined compression test.

Vokao (169) finds that oylindero of the same density and

dleneter to height ratio have approximately the seme unit oon- 

p ? e » l fe  strength, but Pfeiffer <1*6) oonsld.rs that a dla- 

n .ter to height ratio or 0 .6  or lees la eaaontlel for the 

"true oarapresslvo strength" -o bo obtelnort.

Vokao uses the sane rate of oonprosslon for both a lia .

Of e-llnder <1.13 In . and *  ln .d le .) but akldmor. (151) fin d .



hat the shear strength la Independant of the size of specimen 

f the rate of load application is nede proportional to the

j,aneter of the cylinder. In carrying out shear tests, Lee 

nd Markwick (96) have found that wfien the sane stress is 

pplied to specimens of different sizes, the rate of strain 

I p independent of the length of the specimen when the width 

end thickness are kept constant, end independent of the thick­

ness when thu lc \gth and width are kept constant.

Endersby (36) maintains that in Mohr circle testB tho 

hei^ht-diameter ratio should be kept at least above 2 i f  the 

'’tree characteristics” of the material are to be evaluated, 

confirming the findings of Pfeiffer (126).

Knight (81) has published results showing how the number 

of blows in the Pugo impaot tost depends on the height of 

specimen employed.

Experimental Work.

(1) Unconflned compression tost. The writer investigated 

the effect of the height of the test specimen as follows:

IV'St cylinders of various heights were prepared in t* 2 in .d ia . 

ateel mould using a consolidation pressure of 2500 lb. per 

sq .in . For this purpose increasing quantities of sub-angular 

river sand, -No. 10 f Ko. 35 (Tyler) in size, were oombined 

with 5 per cent t>y weight) 200 penetration bitumen in ln- 

oreaslng quantities from about 50 to 150 gms. Compression 

took place at 0 .0 5  in . per mln. after the test pieces had 

bften immersed in a water bath at 22°C. for two hours, in 

|testing the cylinders were opec’ in wrter at th* pans

torar jrature.

Figure 20 end table X I I I  illustrate the test results.

Conclusions: -

If  the diameter of a specimen is kept oonstant, an in­

crease in its height causes

(1) a deorae*. In oanrraa.lta atransth (lb . par a q .ln .) ,  

(8) a dsoraaaa In the rata or dooraaoo In oa.pr.aal™  

^trangtu

I
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(1 1 ) Hubbard-Field stability tP«t.. The test was repeated by 

ping tha same mixture In 2 In .die . Hubbard-Field noulds 

(75 . a). These were compros3ed at 2500 lb. per sq .in ., the 

test procedure being similar. In both this and the previous 

test, the density of the compressed mixtures remained approxi- 

iinotely constant for the different specimens. Duplloate 

uorios of specimens were prepared, the first series being 

tested with the shear ring of the apparatus removed and the 

second in the normal manner.

The results have been plotted in figure S I, 

fl-inclusions; - *

(1) The HubKard-Field stability value increases witii an 

increase in the height of the test specimen, thj rate of in­

crease becoming less as the height of tpecimen is increased.

(2) The friction value is proportional to the he’ Rht
«

of the specimen, the friction line representing the friction 

on the sides of the mould opposing extrusion of the s_r*ciroen

when the shear ring is removed.

(31 The ahear ring in position causes an o^tra effect, 

g shear valuo - total Hubbard-Fiald stability value minus

the friction value.

(b) THE TCFF^CT Of COMPACTION.

The usual methods for consolidating bituminous mixtures 

in laboratory tests are tamping, direct compression, vibra-  ̂

tion, rolling, or a combination of those processes, owing 

to the granular nature of these materials the ultimote moan 

density obtained duponds on oonpaooion condition .

The donsity of specimens moulded from both ends is 

usually less than for specimens moulded against a plate: for 

the latter oylinders there is a density gxodient from top 

bottom. The lsttor method of oompectl  ̂ war ejip.l . -

laboratory due to its correlation with conditions existing

In practice due to the pasing®

and Hughes (0 7 .t ) obtained a reverse distribution in pr ^

of rollers  and traffic. Howe 

se distribution in prao- 

half of the carpet whloh
tioa, i . e .  a den-ity in the lower 

wps 75 per oant greater than that of the top h 1
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b e l^ ve this t0  b9 due to the lower half of the carpet being 

WJmer daring rolling (9 9 .) .

j  Since the structural strength of a bituminous mixture

i  generally increases with its density (as will bo shown later),

II
j the method of oompaotlon employed in all the widely-usod 

I naohsnical teats has bien specified.

Hubbard and Field (74) (75) state that their standard 

j moulding technique should be used for reproducible roe-tit 3 to 

be obteined. This consists in consolidating the briquettes 

by standard temping followed by 3000 lb. tor sq.in. compres­

sion at 250* F. rest (1B1) states that this produoes „/liri­

ders with a snPller voids rercentapa than that *ound in the 

road efter intensive rolling. He nupgecbs the use of a 

laboratory roller machine which hj cleims produces the sons 

percentage of voids as that found in the same mixture on the

roed.

It Is thoaght that e road roller compacts a mixture by 

a k n e a d i n g  action which is not possible in the direct cora­

H  presaion or the comping method. Fouls (123 .a) ha* devised a 

SHctor me. chi no in which compaction is achieved by rolling.

|  Laboratory roller machines have elso b e e n  designed by Adam 

end Murdoch (4) and by Neumann (111). Meenaughton (103) has 

shown that power tamping avoids some of the crushing of the

I aggregate produced b" direct pressure moulding and has de­

vised a power tamping machine.

Unlees otherwise stated, the writer ties used a di 

oonprossion pressure or C500 lb . rer sq.in . In ser.lee test, 

(described In Fart I or this dissertation) this pressor. . . .  

round to (five tho same amount or break-down of a, prop 

15 to 20 pesp.es or e 10-ton Diesel roller on e water-bound

macadam base.

(o) THB ttTvwrr of

A ran a change on beliirt exposod to air,
All substances undergo o ona p

. .  t Rituninoufl substsnceB ere **>t immune 
Roieture, end sunlight. HI ■

/ . tptes that th * oht rwea brought 
from such action. Abraham ( )

8 9 .



a b o u t  in bituminous substances upon exposure to the eienents

involve one or more of tha following reactions:-

(i) ^vsp^ratlon, i .e .  "a loss of volstile constituents on 
exporors to air and the sun’ s heat."

M i )  oxidation. "This takes place on exposure tooir end pro­
gresses more rapidly at high than at low tanrerfrtures."

H i t )  carbonization. ’’This represents the formation of 'fr9e 
c a r b o n 1" in a bituminous material, and is induced by an ex­
tensive •lin ination  of hydrogen."

(iv) Polymerization . ’’This i? duo to a oonderisotion of the 
ioleCiinr-ahd manifests itself by a hardening or setting of 
the subetance, which has also been tamed ' trixotropy' or 
'spontaneous hardening',*

iv) Effects of moisture. ’’All bituninoua substances are more 
r l'jss afl‘ecto2T upon exposure to moisture, which manifests 

i t s e l f  in two ways, namely by the actual absorption of water 
and bv the gradual leaching out of soluble constituents.
These actions become intensified when tho substance has 
ox'dised, since oxygenated substances have a greater affinity  

for water than the h-'dro-CRrbons themselves."

Tho writer has found that storage largely increases the 

strength of bituminous mixtures, especially when tars or out­

back bitumens are used.

In order to* eliminate the factor of ageing and its 

effects the writer decided to make extensive use of straight- 

run bitumens In his researches. These bitumens .era found 

suitable for comparative tests end the chief advantage of 

their use was that the specimens »ere -cured" directly after 

oonpaction by Immersion In a water both at 2£c0. for t»o

9

hours.

(d) y.yrrsoT OF TKBTr<y? TrafF3RATURg.

in Part I  of this dissertation It . . .  lllustrsted that 

the fluidity of some hinders Is more susceptible t o  tempera­

ture nh.nge. then others. It Is ocmp.retlv.ly easy to 

determine the degree of such effects In stability tents.

In the field  of to .tins , unle.s 0 Berl8’  ° f * • ' “  ’  

run et differed' temperatures on eech materiel (59) «h c 

nould he expensive in a routine prcen-mme. there rema us

f -erreeentetive testlns
problem of neleetins the mo.-

temperature. 30o„. t0

Fli.ter  ( 4 7 .a ) tested mastic over the re «

-S0°c and found that the moterial had a maximum ten.
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strength °t C'°0. Lonsdale (99) gives the results or com­

pression aid shear tests obtninod by Vokao and Skidmore, re­

spectively , which indicate that the compressive an<2 shear 

strengths are approximately helved for every 20#C. rise in 

temperature between 0°G and 60°C.
*

The German ttandard temperature for testing is 22°C ., 

but Neumann (111) also uses 50°C. Vokac (172) expresses the 

belief thet the open compression vulue at 25°0. Is very useful.

After sinking a study of the effects of temperature, the 

writer has adopted the temperature of 22°C. (corresponding to 

the Gorman standard temperature) for comparative tests. It 

'ups been found that slight variations from 223C. do not great- 

lv effeot the drta.

Neumann (l lO .c ) has recorded a nrximum road temperature 

(presumably in a surface oourso) of 60°C. so that the Hubbard- 

Field test temperature 'it 60°T. has sore besls in practice, 

viz,. being the highest summer temnereture normally to be ex- 

peoted. The question arisos, does more deformation teke 

Pleoe »hjn ooa41tlon. are worst ( I .e . ,  in the r .l .t ia .l y  short 

period of hot weather), than In the longer period of nodernt* 

tenoareturea? The enaaer to the nroblom aeema to be that 

the teat temperature ahould ho adjuated to the oHmote In

wnlch the material la used.

(e) THE W W V nt' TT-?: RATE OF TESTING.

Th. orltar haa uaed 0 .0S  In. par nln. Other lnaeatlga- . 

tor., auoh oa Huhhaid, Hveen, and Vokao, ha,e found In ,ueal- 

atetlo « . . t .  that o oertain oorrelatlon exlata hot.een their 

teat, and otaerv.,. f l . U  reaulta, although Irregular, tlea of

pavenont and orolllatlona of aprlnga ( ths fact 

lrpeot to that a brief duration of preaaura.

Conclus'- ons: -
’ ^ j b u m  and the unconfinod

'■’he two t m t e , the Fubbard-Il

^ inned bv the writer, have been useful
8t*bilitv testa, as develops* . .

•«  will be seen l a t «  It will be 
for comparative purposes a* wi- f 3 /8  ln .

noticed that cubical ag"r«gate os coarse a

9 1 .
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aize has been used in the 2 in. dia, Hubbard-Field appara- 

f despite the statement of the designers (7 5 .a) who state 

(without published proof), that the 2 in. dia. tost spt •linen 

end mould,

"risks it impossible to te s t ,. . . .  fins graded asphalt?c 
concrete, in ■h ic h .. . .  the percentage of aggrejrtite re­
tained o n .the 10-mesh sieve exoeeds 35 per oent oi the 
total.”

The writer, on the contrary, has found that the 2 in .d ia , 

flubbard-Field apparatus may be used extentivoly for fine 

graded asphaltic oor.crete. Kxoellent correlation has been 

obtained with the onoonfinod compression test performed on 

thti same material.

keir
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CHAPTER X.

In practice, many feotors are encountered which sffeot 

tha behaflour of i bituminous road surface, Including the 

properties of the various ingredients, the method of con­

struction, temperature londltlons, end the tyre of foundation 

enoloyod. Laboratory costs have shown that some of these 

feotors have considerable effect on the structural strength 

and t.he optimum amount of binder required In a bituminous 

mixture.

2̂  The Degree of Consolidation.

It has been found that In most mechanical feists the sta­

bility of a test piaoe generally lncreeso3 with Increase In 

density. Hubbard and Field (7 5 .a) strosn the Importance of 

obtaining maximum compaction during the construction of pave­

ments which *»re to be subjected to severe traffic conditions 

immediately afto.- laying. They beliave that tholr stability 

tost, applied to ooro samples taken from a pavement, givas 

reliable information as to whether or not the pavement has 

been thoroughly and uniformly rolled.

(e) Binder Content as Varlublo. The writer used 100 gms. Of 

cubical -3/8 in . ♦ No. 4 dolomite and, using a 800 pen. 

bitiflnen and a 8 in . dla . mould, made three series of test 

specimens, omploying an amount of binder equf.1 to 0, 0 .. ,

1.0 . . . .  8 .0  per cent by weight of the atone. The consolida­

tion loads used in the three series of tests were 3000, 7 .5 0 , 

and 20000 l b . ,  respectively. The npproximflte heigh 

oottpactad s p o o ^ n ,  » .  0„ ,  inch. Tho spaoir-n. -or. Inm-r, 

in Kfit.r for two hour, on, In - conflnM  n o t i o n .

Flftur. 22 U 4 .  XIV . M  ™ ulta or tM S8 * " ” •

ConoluslcRs. It I t ooncluflad that:­
. M/knqnn vvlth thd Cv.H“*

(i) the stability  of the mixtures
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