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CHARACTZRISTICS OF
■38

CFAPTgR I . 

INTRODPOTIOlff.

The writer nas observed that some considerable decree 

cf orushing of road aggregates take?? plaoe during rolling 

and under traffic, particularly when n lrw -rode aggregate 

is employed.

It appears that daring consolidation by the roller and 

by subsequent traffio, the aggregate is shuffled about, the 

sharp edges on atones are cround off, and fracture ooours. 

Stones which a n  initially sharp-edged and flaky, become 

rounued and cubical, while the tendenoy is towards orienta­

tion of the component fragments into positions of stable 

equilibrium and towards a progresaive increase of the internal 

stability of the mixture.

The oruthiir» of aggregates In a road has been systema­

tically investigated by Allison (7 ), ISn^ersbv (41), (k>ld- 

bock (58), tlacnaughton Pauls and Goode (124), and

Rhelburna (144) in the United States, by ’tfilhelni (184) In 

Germany, and by Mathleson and Gewith (107) in Australia, 

Observations ha?e also been made bv Keuson (Cl) in Tew 

Zealand, by Knight (88) in eouth Africa, and by Wilson (105) 

in England.

Uathieson and Gawith report that the aggregate in a road 

bed, unless prevented from movement by a rigid mortar like 

Portland Cement, moves under traffio, oausing a certain 

amount of attrition and fracture. Indarsby believes that such

1 .
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break-down results unfavourably In Jtn*. reduction of size and 

perhaps also of the stebilitv tfue to the large partioles, but 

favourably in the production of a denser grading and .uore 

angular partiolea and flat faces, facilitating further com­

paction.

Pauls and Goode Illustrate that direct oprapression of 

road aggregates raaults in orushin« sufficient to altev 

naterially the original grading of tho aggregates. By oo*n- 

paoting laboratory specinens of bituminous mixtures both by 

direct compression and by means of a high frequency tamper, 

Maonaughton, too, has found that a large amount of oruohlng 

of aggregate particles takos place.

Shelburne reports a series of studies on the degradation 

produoed by road rollers in compacting typical sur.eoe- 

treetment aggregates both on a bituminous mat and on a con­

crete baae. Fir results show that the degradation of aggre­

gates under conditions of mixing, rolling, end traffic, 

approaches a m aximum denax. curve as at: ultimate.

Wllhelmi and other investigators have shown that dry 

screenings end emhaltio mixes, when 3ubJeoted to rspeatod 

compression or to compaction by rupeated blows while confined 

in a mortar, apprneoh in their gradings straight lines having 

slopes between arc tan £ and aro ton 1/to.

Mathleson and Gawith sampled some road sections, six 

months efter obstruction and have found that what was 

originally an open grading approaohed the grading of asphal­

tic oonorete. This observation shows good oollatlon with ,nat 

of Knight, who found that witiiin a few veara 20 per cent of 

the partioles in a reotlon of heavily trafficked road in 

8ophlatown (Johannesburg) were reduoed from chipping size to 

-100 aize.

Tho writer has atudiort the cominution of road i.ygregatss 

in bituminous mixtures and in the uncoated State tth in the 

laboratory end in the field. Oontlnual inspection of roeds 

in th-i ^ltwatersrand area has led to the oouoluaLon that,



while the crushing of the segregate in a road bed nay 

render thy surfece susceptible to rftvellln^ owing to the 

formetion of unc^ated areas of aggregate in the mixture, it 

nay produoe quite tha opposite effeot: it is possible thet 

the oloser gradings formed during depredation nay load to 

increased stability duo to tha cohesion of the bituminous 

birder, sinoe a larger area of adhered surfaces betweon car- 

ticlas is produoed.

It has been the repoatod observation of the writer thet 

road surfaces with open gradings mny nttoin highly dosireble 

ohcracteristios in tho process of comminution. Stones which 

are reduoed to frarwents by the roller and by traffic, forn 

durt which in injected into the binder, thus giving ri.3e to 

a stiffened binder-f il.ler mixture. Attrition find fracture 

of the nggregotes in direct contaot with trafflo produae 

particles which combine with the filled binder, producing 

further stability. Provided that conditions are favourable, 

such a surface nay eventually beoone a smooth end stable 

moscio which is impermeable to moisture and resistant to 

ravelling and rutting.

UMolt



CKAFTSR I I .

W0T33 ON TH3 GEOLOGICAL 1?.fATJR'r OK HOAD AGflRTGAT&l.

For a complete understanding of tho oominution of 

road agtfreratos, n atu-'y of their geological character! stiaa 

is epsentlel.

Knight (82) has shown conclusively in ’’Rond Aggregates" 

thet a mioroscor^c study of a stone as well aa a thin seofcion 

anelyois is an absoluto neoessity for oorroct interpretation 

of itj behaviour in physical teats and in aervioe. A study 

of this work nay be supplemented by a perusal of Stlny's 

book (161) which deels fully with the partiele size determina­

tion of mineial3 and with microscopio and chemical investiga­

tions.

Choice of Aggregates.

After an examination of the ropd stones which occur in 

the Union of South Afrioe had been made, five types were 

selectbd whioh range from fair to exoellsnt in their struc­

tural strengths and are representative of the aggregates 

enployed In South African road building prsotioe.

A brief description of the five aggregates chosen by 

the writer for h s  researches, followa below.

1 . Wltwa ter grand Qjuartslte.

The qusrtzlte used in the investigations was s*.1 acted 

from an tfaat Rand source whioh lies in the Wltwaterarand 

System. From the viewpoint of structural strength and miner- 

alogioal co.npooition it is a typical example of the type of 

aggregate used on many of the roads and streets on the Reef.

Petrologlonl Character:- The rook is ooarse-greinad and 

oontains about 85 per cent quartz, the grains being unifona in 

size. Abundant bubble inclusions and minute oracks are 

visible in the quartz particles. Ohlorite and nuaoovite ooour

4 .
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In snoll quantitfe-.

The rook is relatively resistant co hrnnor blows on 

an cnvli owins to the hard, wall-interlooked quartz "rrr.tnfi.

2. Orange ?roe State Dolertte.

Tho dolerito was obtained from a quarry In the Beaufort 

Serif'B of the Karo System.

petrological Character:- Tho d.^l^rlte ts a fine- 

grained rock end contains labradcrite felspar leths enwrapped 

in cugite in a nenner known as ophltlo. The plagloolese end 

the pyroxene minerals each constitutes ebout 50 per cent by 

volume of thfj rook.

As a result of the axoallant interlook of its fine­

grained, tough constituents, the dolerite is exception* 

resistant to impact, in chipping size.

3* Amyfldrloldal Basalt.

The basalt was quarried from a sill In the Scce 8 

of the Kero System.

In thin section tho basalt appears as a highly all 

rook, none of lt^ original minerals remaining unaltered 

Some highlv altered sugite is present but no prinery qi 

Chlorite and secondary silica ooour as a mixture.

The baaalt deposit contained a snail amount of quart/ 

amygdales which were S9parated from the basalt in the 

laboratory and discarded.

The rook is fine-grained and la so tough that it emits 

an almost metallio sound when fraotured by means of a light 

hammer on an anvil.

Transvaal Dolomite.

The dolomite, whloh ooours In the Pretoria Series of the 

T-'ansvael System, has baen investigated in detail 1 / Kupfer- 

burger (91). Tbs rook is blue-grey and finely crystalline, 

displaying small lntergrown orystals of dolomite when 

examined In thin seotion under the mlorosoope.

5. Norlte.

This rook belongs to the Tiushvald Lopollth in the
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Pretoria Ouries or th,* Transvacil System and has beon 

described by Lomb-iard ( w ) ,  du Tolt (32), and Lnburn *98),

In gonorHl thi ucrlte is medium-greined and remarkably 

uniform in chartoior, similar to a granite in appearance, 

but showing a certain amount of orientation of the arystols 

of felspar and f.uffita. The essential jrineral constituents 

are labrr.dorite, diallege, '.ad hypersthena, $nall quantities 

of biotita, magnetite, hornblende, apatite, and quartz are 

prvsent as ecoaasory minerals.

The writer has shown that if norite is finely crushed 

and the crushed portioles sieved after separation in 

bromofora, e larger percentage of uhe brittle felspar is 

reduced to dust than the more resistant pyroxene.

Partridge (123) used a bronoform Reparation method to 

analyse norite and detsrained a felspar contact of 60 per 

cent end a pyroxene content of 40 par cent. (Kalght (63) 

used the same rnthod in England to roparate heavy end light 

crop minerals. It is a more aoourato method than that of 

areal moasurenent by moans of the ‘Shand integrator.)

ll*|||B 11



CHAPTgr i n , 

SUOCDSSIYK CRUBKIMG.

#

It. la common knowledge that road aggregates break 

down in sizo during tho processes of nixing and roller com­

petition. The results of periodic samplii.g of bituminous 

mixtures by previous investigators have indicated that pro­

gressive dopradPtion of tho aggregates is also p’.uducsd 

by trsffio.

A mesa of stona in a confined spaoe will, when subjected 

to repeated pressure, assume a grading which la beet suited 

for that pprticid'T stone and which provides maximum 

inherent stability.

It has already boon observed by Rothfuohs (136) end 

by VFilhelni (184) that when a quantity of dry screenings

13 subjected to maximum consolidation by impaot or oom- 

pressive stresses, a definite particle grading - tho 

"natural* grading - autoiraticfil1 /  results.

Since most rood mLrturaj contain at lenst 90 per cent 

of atone by weight, a stvdy of the ooiomlnutlon charsoterla- 

t1os of unooetad aggregates should be valuable in the In*ef- 

tipatlon of the reduction in size of aggregateswhich occur 

in bitumlaoi’.s mixtures. The writer accordingly doveloped a 

crushing test for dry stone an! also usod this tost to oruah 

bindo:-coated aggregates.

Experimental Procedure .

Scope: -

1. This method of test was intended for determining

(a) the change in grading of a crushed sggregato, ead,

(b) the extent to which compaction occurred during

orushlng.

7.



Apparatus:-

2. (a) A cylindrical thiek-walled steel mould 2 in. internal 

diameter ana H  In. hi*h, whioh oould ho tplit Jongitudine.Uy 

to facilitate removal of its oontants, A oollar was fitted 

round the outside of the mould to prevent relative totament 

of its components. The plunger was 1.98 in. dia. and

4$ in. long, while the detachable base plate was 4 in. 

square.

(b) A universal tosting maohlna.

(o) A balance of 10 K.gjn. oapaoitv sensitive to 0 .1  gti.

(d) A dial gauge, graduated in thousandths of an inch, 

suitable for ’•'easurlng the vertical height of the opeoimons 

before and after compression.

(e) fiscal!.ineous equirciont including fixing  bowls, 

sr>oon3, cto.

Preparation of Sample: -

3. A representative sample of the crusher-run stone to be 

tented was oven-dried to constant weight at 100°0 to 110°c. 

Tho dri«i material was sieved on standard sieves, sorted by 

means of fD.ukiness and elongation gauges, and proportioned

to suit the tist in hand.

Metucd; -

4. (a) A 200 gm. test sample was weighed into a mixing 

bow?, to an eoouraoy of 0 .1  gm.

(b) The atones wpre lightly tamped into the mould, a 

few at a time, by means of a dessert spoon.

(o) The height of the spo^inea was measured and the 

void apo^e oaloulated.

(d) TTith the pietor. in position, a compressive foroe of 

£500 lb. par sq.in. (unless otherwise stated) was applied to 

the stone mass.

(e) After compression tho height of the sreoiu m was 

measured and tha void space again determined.

(f) The mould was split, the contents sieved, end the 

sieve fraction* wolghed.
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(d)

{t/*

9.

guooesslvo Srujhlnr;-
\

5. The sieved material was mixed uniformly and replaced in 

the mould, a little at a tine, by means of a dessert spoon.

The compression and sieving operation was repeated until the 

stones hod been subjected to 16 successive cycles of crushing. 

Grushin^ Ratio.

For a sensitive determination of the reduotion In size 

after orushlng, it was necessary to evolve a crushing formula 

which would evaluate correctly all the fragments fraotured 

di’.rinft crushing.

A perusal of the litersture on the subjeot showed that 

suoh a formula had already been given some thought. The Road 

Researoh Institute at Milan (27.b) teats stone ohippinga ay 

subjecting them to rolling on a plain, rigid surface, and 

oaloulate the crushing from a "crushing co-effioient", F.

100
P m A (nA — na — (n-l)b •* (n—8)0 •  (n*3)<J •  • # • • • • • • 0)1

in which n is the number of sieves employed, A is the total 

weight of pateriol tested, and a, b, c, d . . . . a  the re.ipeotlv*

weights of material retained on the sievea.

In a strength test of aggrogates by means of a il  K.gm. 

tup foiling on selected stone placed on an anvil, the A*edlsh 

Road Institute at Stockholm (159 .a) calculates a "ooeffloient 

of brittleness" by summing the percentages of material 

passing eaoh sieve.

The result of the freezing and thawing test for sound­

ness of aggregates (oonduoted in Kansas (56)) is expressed 

as the ratio of th« sum of the cumulative percentages retained 

on eaoh of the sieves after freezing and thawing, to the sum 

of tho cumulative percentages before the test.

Tho writer has made use of a "’orushing rstio" which is 

defined as the ratio:

The cum of the cumulative percentages retained 
on oach of Via eleven (given b*«low) nfter cruBhtnr;.
'I'he sum of tho ounulPtive percentages retained 
on each of the sloves before orushing.
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The slaves referred to above, are the following:

L _

Standerd Ty3.er 
Designation

i i  In.

3/8 in.

Mo. 4

Mo. 10 

’ ro.35 (U.«?.tfo.40) 

Ho. 100

i

*317,e of Aperture 
in Inchos

0.585

0.371

0.185

0.063

0.0164

0.0058

^or material which has not been orushed et all, the 

formula gives a orushinr ratio of 1 .0 ; if -£in. * 3/8  in. 

material undergoes sufficient disintegration for it all to 

pans the No. 100 sieve, tho crushing retio is » 0 

It was stated that a fomula for crushing should bo sennit-lve 

and this is truo for the writer’ s orushing ratio: a quantity 

of -$in. ♦ 3/8 in. oubical aggregate whioh had been orushed 

only onoo in a Jew orusher end was sharp-edged, pavo a crush­

ing rstio of 0 .86  when tested in the orusning teat. A ample 

of the same size or.d shape, however, which had been cessed 

through tha orusher continuously until the partioler ware 

rounded, pave e orushinr retio of 0 .83 , a differenoe of over

3 per cent, showing thrt tha rounded aggregate was somewhtt.

more resistant tc comminution. 

riskiness and Elongation.

The sensitivity of tha orushing tent to differences in 

the shapy of an argrepate necessitated thet n distinction be 

madt, between cubioal, flaky, and elongated particles. For 

tho separation of orushod end sieved stone into the three prt»- 

dorclnent shapes, the Bruges desorlbed in 3.S.^I. 813-1938 (24) 

were used.

Flaky particles aro defined as those passing through the 

stand* 'd thioknoss gauce. Cubioal (angular) rnrtioles are 

those which p« sg  through th* afcendard longth ro’igp, rnd are re­

tained on ton thiokness geuge, while elongated partloles ere

Iw



li.

retained on the a'sndard length gauge and on the thlokness 

gauge.

SUCCTflSIVa CRfTBHim.

Two nundred pjra. sortad - f In. ♦ 3/P in. oubioal 

dolomite was subjected to the successive crushing test de­

scribed before.

It was noticed that the density of the crushed speoimen 

increased until, eve t u l W ,  thera was no measurable inoreese. 

The results era given iu iigurts i and table I , from whiofc tha 

following reaultr are apparent:-

(i) In gimeril, the orees baleen  auocesslve grading 

ourver and thus tha crushing ratios, too, decrease progreaslvely 

frorc c^oles I to 16, until ultinetely

(ii) ffradlnnis are reaohed at whica iittle orushing and 

only a snail increase in density taka place during the com­

paction prooess.

Conclusions: -

(a) Open gradings break down more than dense gradings 

since tha latter provide larger areas o ' contaot and consequent­

ly tetter load distribution.

(b) The aggregate tasted possesses a racximum density 

grsdlng which also represents a stable grading, in so far as it 

does not alter minh under pressure.

The Sffect of the Type of Stone.

The previous test was repeated with -j> In. ♦ 3/8  in. 

oubioal norite, dolerite, quartzite, and basalt. The results 

shown in figure 8 and tablo I I  illustrate the following:-

(i ' The shares of the trading curves of norite, dolomite 

and quartzita are approximately similar after 16 cycles of 

suooassl'-e orushing.

(ii) Tho final gradings of basalt sad dolerite are 

ooorsev than the gradings of the other three aggregates whioh 

contain more fines.

Conclusions: -

(a) Tho basalt an- dolerite are more real stent to rtduotlon

RR
s
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