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. Since gravels vary widely in composition and relative size
of particles, it is no% conmicercd adviceble to 2irew specificstions
within too nerrow limils. Nuvertholess thove ars certein quoldtics
necessary in &ll gravels in ordsr to .bo considerad suitcble. - 4 good-
gravel should contcin no loenm nnd not rmore then 154 of soft end
-~-frisble particlea. 4% leas$ from 50 to 75% choui? be retained on a
1 inch test screcn. It shonid caratain from 8:.to 15%.0f cementing
meterizl, such as iron oxidu, carhcnate of lime (limestone) or cloy.

When developing a gravel deposit, the loam mnd badly |
weathered surface material should be removed completely, as it is ;
useless as road‘mnterial and might later cause defectslinlthe road. ?

Composition. A gravel with a large proportion of fricble
particles will compact readily and form & smooth, even .surface.

" ‘shortly after belng laid on the road, but will wear very rapidly
under motor traffic. ' Where such materiel "is plentiful and easy of
acce3s, it may be economical to use it on roads frequented :
principally by horse-drawn vehicles, since ‘then:a larger proportion

o~ than 15% of soft particles is permissible. - Service tests will be

s the best guide to determinse the ability of the material to withstand

the wetr in such cases. o . L S N SR

e Greding. For convenience of/diééu631on,-a grével may be
considered as consisting of sand, pebbles and bouiders. The material j
which passes through &

3 inch test screen is classed &s sand. Thet .
: which is retained on a % inch screen but:'is less than 3 inches in

2 diemeter is classed as pebbles, end a1l over 3 inches is called

B boulders. - ‘ e ‘ ' \

3 The maximum size of the pebbles and the proporticn of pebbles

to sand are factors to be considered in choosing gravel. -

. There should be no stono larger than 3 inches in gravel for
lower courses and none larger than 13 inches in surfacing gravels.

e Zhe pr0p6rtion of pebbles to sand cannot te set definitely
r for all gravels since the hardness of the pebbles and their graiation
A o size must-be considered. R S

- In general ths sand should be present in only sufficient

: B quantity to fill the interstices between the pebblies. OSuch gravels:
o whea compacted, will afford the groatest density and precsent tha

s greatest number of pehbles to withstand the wearing action of twefe.

" In relatively soft gravsls, at least 754 of the total should -
te retained on a % inch tasst screen, and in herder gravels the :
zinimum percentage »f pebdles may vary from 78 Yo €5. In cases
where the gradatiocn of pebble sizes is irregular, the provortion cf
Pebbles t9 sand ray hove te be further reduced in order to cbtain

LR sd‘ R ]
Dt T T obe; «} O

:{' en ageregate nf maximum density. - -

<l Waenr & gravel deposit contains more than 10% of stones over .
e 3 inches in size, s»-eallzd beulaers, it is recormended strorgly

- that the latter to not aiscsrdsl; dbut passed thrcvgh the cioushar.

4 supply of fresh and engiler stone is thas rmade ovailicbls, end

whon interrixed witin vhe grovel. groatly helps In couanceting ths roud
tnd irpraves its weasing ghelitye The besu metacd is o piss all such
gravel through the crushor witn the javs set to the meximun cesired
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size since the crushed end uncrushed constituents are thus more
1ntimately mixed.

Binder. The binder is very fine material ths function of '
which is to cement together the larger particles meking up a gravel
road surface. When present in a ‘gravel - it is either as a loose
powder, Oor as a coating on the gravel particles, or else it is
derived from the crumbling of the softer pebbles under trsfflc.

‘Yhen a gravcl stands up firmly in the bank, it is usually a
good indication that it will cement readily on the road, but this

docs not mean that all gravels Whlch are 1oose 1n the bank w111 bind
poorly on the road.- -

Host gravels in Eastern Canada contain some friable or partly

- disintegrated particles which on being ground up by the traffic

vield a fairly ood cenenting material.

It is not uncormon to find in hllly tracts of land, gravel
composad of very hard grenite, or quartzose pebbles, and totally
dovoid of binder. It will then beo necessary to use some cementing
mcterial from nearby sources, and if clay is the only meterial
cveilable, care should be taken to add just the amount necessary to
effectively cct ns bindor - at most 10%. In such cacses it is
essential that the grnavel contain enough sand, since once the gravel
and elny mix'is incorporated ints the ronad surfaco, sand will lesscn
the weaxening action of the clay during wet weather, and to a degrec

wrevent the formatien of mud., Owing to climatic conditions in

Eustern Cuniu, the use ¢f clay should be avoided as much as possible.
Loem sheuld never he used as & cerenting medium.

- Iron oxide is nne »f ‘the bost binders found in gravels, and
its ccnenting quality is not affected hy weather conditions. The
cerrenting quelity of limestone is in nroportion to its calciun
carbonnte contsnt.

Beuch or strcan gravels are not so desirablc as bank gravels
for rocd purpsses on ccecount of heing deficient in binding matericl
and hvldino £ large »roportion 22 herd, rounded, smorth pehbles.
Anathcr objcctiwnrblo-‘cuture ~f ' such gravels is that the range of

vebble sizes is n~re limited then in the bank grevels, with consequent
hlgner proporti-n of voids. Neverthnoless, Leach graVcls heve been
St tisfuctor*ly used on highways hordering the secacoast in the Meritim
provinces. To give hest rcsults such naterial should te rather hlnc,
well-greded, conposed ~f not tro rounded nehhles, and epplied on the
r>24 in thin leyers. It will not compect sc roadily end form o smooth
& surface s Anes the avernge bank“graVGl tut with prorer neintencice
will e quite Aurable. Ths additisn of fine hank meterial will
neteric lly hcln the ccrmacting of heach gravel rocd surfaces.

Tcst*ng. A carcful insnectinsn ~°f any roads huilt and surfaced
vith o gravel should reveal thé suitability or unsuitability of it
fsr rood work. If there is no opporiunity to observe its Lehaviour
in roads under traffic c“nfitions o fiell sexoninetion of the gravel
deposit will furnish o cortain amount of infornrtion as to its
rrohable suitability, hut this connot bhe regarded as ccenclusive.
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-~ Where heavy traffic is to be expected, or where there is doubt
as to which of several gravels will give best results, field . ‘
observations should be supplemented by lahoratory tests to determine
the compactibility, the binding quality and the durability which may
be expected under service. The samples for this purpose should be
collected .80 as to fairly represent the material which it is proposed
to use. MNo sample should weigh less than twenty-fivo pounds. It is
5o somotimes desireble to include tests to determine the suitability of
the gravel as aggregate for concrete structures. The Road Materials |
Laboratory, Mines Branch, Department of Mines, Sussex Street, Ottawa,
is fully oquipped to conduct the abonve tests, also all the standard
tests on broken stono and paving blocks, and is prepered to undertake

such tests as time permits, arrangements for which should be made
through the Directsrr of the Mines Brenoh. - ; :
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A Constructisn. It is not the purpose of this article to enter
o into the detaills of gravel road construction, since the Provinciel
) ighway Departments have their own.specifications covering these.

f All the methods in use can be referred to two mein types, the surface
Y method and tho trench method. In the former, the gravel, laid on &
5 flat or cambered suhgrade, is spread so as to cover the travelled
. way and the shoulders; in the trench method earth shoulders are first
T constructcd on a camhered subgrade. and gravel laid hetween the
- shoulders and retained in place hy them. I

R The trench method is principally used where the cost of gravel
iy is high because of its scarcity. This method is less wasteful of

“ material but is more costly on account of the road having to be

built in two or preferably three layers, and each layer roclled.

The surface methnd is the one more commonly used on our
country highways. On narrow roadways the gravel is laid 1n a single
t layer on a flat subgrade, the thickness of the material decreasing
s gradually both sides of the centre 1line so as to produce & crown.
<o B On wide roadways, the gravel is 1laid in nne or severel layers cn o
cambered subgrade, the thickmess heing tho same over the full width
of the travelled way and coming to nothing on the outer edgo ~f the

Ny shoulders. This is called the feather-edge method. -

2 Maintenance. A gravel road is far from being-& permanent
o structure, and will need constant attention in order to be really
LR serviceable. The .saying - "A stitch in time saves nine"™ - applies

with particular emphasis to a gravel surface. One of the mos%

5 efficient devices for maintaining untreated gravel roads is the road

at dreg. The dragging should he started in the spring when the rood

4 surface is still moist and soft from the effect of thawing, and
3

. should be repcated after every hoavy rain, ond hefore freczing in
s the fall. Ruts, pst-holes or sther depressinns which cannot be

IS filled by dregeing, should be patched with new gravel of the same
- coarseness as the one already on the surface.

2 TWhere wave-like Aepressions heve developed due to fast motor

i traffic, dragging alone will not suffice, and scmo Highwey Departments
id obtain very gond results by naving the road surface scarified to a

3 depth of 14 to 2 inches ond reshaped by a grader sr planer with tho

5 blade sot at nearly right angles with the direction of travel, the

grading being roepeated and new material applied where depressions
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or weak points develop. This operatidﬁ is best carried on in the

spring when the surface has thawed to a sufficient depth, and
repeated in the fall, aftor tho first heavy wot spoll.

.. When the traffic reaches an average of 300 or more vehicles
per day, best results without undue maintenance costs will only be
obtained through the superficial treatment of the road with so-cellsd
dust palliatives and road binders. There are many substances
suitable for use in surface treatment, but only one, calcium chloridn,
has been commonly used on country highways in Eastern Canada. Calciw:
chloride is a hygroscopic salt, that is, & salt that possesses the
property of absorbing moisture from the atmosphore or any nearby
source. When applied to a gravel road, it will soon penetrate the

-gravel, forming & moist mat at the surface. It thus keeps the fine

materisal from,boing'b;own awoy, and nrevents the too rapid wear and.
deterioration of the road surface. Its action is only temporary, and
it will be necessary to renew its application. In our climate two
applications in the first year, and one in the second yesar, are
usually sufficient. Calcium chloride will work best in moderately
molst climates. It has been used in parts of Ontario and Quebec with
very good results. . During prolonged dry woeather, it may not absordb
enough molsture and it will be necessary to feed it by occasionally
sprinkling the road surface with water. In very moist climates,
calciunm chloride cannot be of much use, and may even be detrimental.

Drainage. The object of drainage is to keep water from
penetrating the road structure, since water is the most serious
destructive agent of roads. This is accomplished by the road camber
or crown, side ditches and underground drains. The road crown keeps
the water from vnenetrating the rcad surface, by ellowing it to run
off to tho sides. The ditches collect the surfece watcr and carry
it away rapidly from the roadsidec. The sub-drains, by lowering the-
lovel of the underground water, keep the latter from recching the
road surface through capillery ectione On & side hill, tho diteh will
elso intercept part nf the underground water which, under the action
of gravity, tends to reach the road bed. Under-drains, if covercd
with porous matorial, will collect and carry off en important part
of tho surface water, thus necessitating only very shallow ditches.

loet defects in gravel roads can gonerally be traced to faulty
or insufficient drainage, &nd -too much emphasis cannot be pleced on
this important npoint. Adequete creinage facilities should be provided
when building the road, and it should thereafter be mads & point of
the maintenance progremme to seo that the drainage system functions
properly at all times. This will decrease the heaving resulting
from spring thawing, which is sn disastrous to our roeds.

Corrugations. Cnrrugation, or so-called "wash-boarding” of
gravel ronds, is onc "f the offects »f fast-moving motor vehicles.
In the past few yecrs mony investigators have tried to discover all
the factors contributing to cause corrugation, and the measures
necessary to eliminate such a serious defect and prevent its
recurrence. It is now known that corrugation will form on untreated
surfaces, irrespective »f the methods of constructinon, the kind of
gravel used, and tho nature of the road subsoil, but will be most
Pronounced nn roads surfaced with fine sandy gravel containing but
little binding meterial. Treatment with calcium chloride or light
0il will materielly refuce corrugation, but not eliminete it
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0il will materially reduce corrugatihn, but not eliminate it

completely. Bituminous surface treatment, forming a strongly

bound coating of bitumen and stone, will effectively prevent
the formation of corrugations, ' : :

Publicatians on Road Materials, issued
by the Department of lMines, Ottawa.

Geological Survey, liemoir 85, Rnad linterial Surveys in 1914, by

S L. Reinocke: (2ypes of country roads and materials uscd

’i in their constructinon; deposits of diabase along the
north shnore »f lake Huron; road materials in Essgx and-

: Xent counties, nnd along the north shore of lake Ontario -

o between Poart Hupe and Humilton, Onterio).

Geological Survey, lomoir 99, Road Material Surveys in 1915, by
& L. Reinccke: (Stone and gravel along the Ottewa-Prescott
a0 : highwey, Ontario, and elong the Hull-Grenville portion of
the Hull-Montrsal highway, Quobecec). :

ot Geolongical Survey, Summary Report, 1916, nn. 192-206: (Road matorials
i between Xingston and Smiths Falls, and between Napanee '
%3 end Port Hope, Ontario; in Vaudreuil and Soulanges

‘ couaties, and part of Two liountains and Argenteuil
counties, Quebee.).

Geological Survey, liemnir 107, Road licterials in the Vicinity of
. Reginr, Sasketchewan, by L. Reinecke (1917).
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Geological Survey, lemoir 114, Road Haterial Survcys in the City and
District of Montreal, Quebec, by Henri Gauthier (1917).

lines Branch, Bulletinvsz, Road liaterinls along the St. Lawrence
.River, from the Quebec Boundary to Cardinal, Ontario,
by Re He Picher (1917). '

L llines Branch, Summary Repnrt, 1918, pp. 169-200: (Road materials |
iid © - along the Winnipeg-Brendon highway, licnitobe; parts of
e ‘Alborta and southern British Columbia). . |

liings Branch, Summary Renort, 1919, pp. 135-155: (Road matcrials ‘
along the Banff-Vermilion Pass highway, Rocky HMountain |
Perkx, Alberta; in the Winnipeg-Brandon district, Manitoba; :
o : around tho town 2f Renfrew and &long the Prescott- ’
. Gananoque highway, Ontario; part of Chateauguay and
Beauncrnnis cohunties, Quebec?

.

Hines Branch, Summary Repnrt, 1920, pn. 72-75: (Road materials along
the Gananoque-lapanee highway, Ontario). '
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lines Branch, Investigations in Ceramics and Rosd liaterials, 1921,
pPpe. 271-318: (Road materials along the Castle-Laggan
and ports of the Vermilion Pass-Windermere highway,
Canadian National Parks, Alberta and British Columbia;
along the Ottawa-Pointe Fortune highway, Ontario} and
around Halifax, Truro, New Glasgow, 7indsor and
Kentville, Lova Scotia).

‘Uines Branch, Surmary Report, 1922. pp. 227-261: (Road materials
aiong parts of the Banff-Loggen and banif-Windermere
highways, Canadien Hational Parks, Alberta and British
Columbia; along the mein highways of Nova Scotia).

liines Branch, Investigations in Ceramics and Road Materials, 1923.
npe. 8-71: (Insnection of gravel roads in Onterio and
Quobee and investigation nn the.qualities of the materienls
used in their construction; road materiels &lnong the main
highways ~f Hova Scotia). : ' - ’

Iiines Branch, Investigations in Ceramics and Road Materials, 1924,
»p. 18-45: (R7ad matorials along the main highways of
Tow Brunswick).
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