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Road Materials in a Portion of Vaudreuil County, 
Quebec, and along the St. Lawrence River 

from the Quebec Boundary to 
Car"dinal, Ontario. 

TOPOGRAPHY. 

The topography of Vaudreuil cou nty was described in the Summary Report , 
1916. 

St. Lawrence Area . 

East of Cornwall, the country just north of St. Lawrence river lies only a few 
feet above the water-level of the river, and from 155 to 175 feet above sea-level. 
The characteristic feature of the country near the St. Lawrence is a series of 
ridges trending to the northeast, which lie parallel to the direction of the river. 
They are from 200 to a li ttle over 225 feet in elevation above sea-level. Farther 
east, toward the Quebec lin e, the ridges arc lower and form sma\I knolls rising a 
few feet above the flat. 

\Vest of Cornwall , the shore is from 15 to 25 feet above the river-level. 
The land rises gently northward at the rate of 15 feet per mile, and lie at eleva­
tions of from 225 to 27 5 feet above tide. West of Iroquois the divide between 
the St. Lawrence and Ottawa valleys is about 2 miles from the St. Lawrence 
river, with an average southward slope of 25 feet per mile. In this section there 
arc a number of low, broad hill s from 10 to 30 feet high , \Yith narrow north­
south ridges ly in g on them. 

The on ly important tributary of the St. Lawrence in this belt is Raisin 
river, which , rising a few miles from the St. Lawrence, runs para llel to it for over 
20 miles and empties into it at Lancaster. 

GEOLOGY. 

Vandreuil Area. 

In the northwestern part of Vaudreui l, surveyed in 1917, there arc outcrops 
of granite and syenite gneisses, unfoliated syenites and syenite porphyries, 
rhyolites , apli tes, and basic dykes. These are all of Pre-Cambrian age and lie 
in the Rigaud hills. Sixty-five feet of fine-grained , dense dolomites of the 
Beekmantown are exposed along Rigaud river 4 miles west of Rigaud vi llage. 

Over the bedrock there are unconsolidated deposits of glacial and marine 
clay, beach gravel, and sand. Large areas on the south and west sides of Rigaud 
mountajn are covered " ·ith glacial boulder clay. Stratified marine clay occurs 
a long the Ottawa river and in the plain sou th of Rigaud hill s. Terraces of 
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boulders and gravel a rc found at various elevations in Rigaud hills. A wcll­
known example of this i the Devil 's Garden, a deposit of rounded boulders lyin g 
in a terrace near the shrine south of Ri gaud . Smaller depo its occur in the fl at 
cou ntry near the Rigaud hills. A belt of sand lies along the northeastern foot of 
t he mounta in , from a poi nt south of Rigaud, to Raquettc river north of 
::'vfartigny.. A much larger sand a rea covers about 22 square miles south of 
Hudson and west of St. Lazare. Near the sou th encl of the 01rea sections reveal 
a fi ne-grained, well stratified, cross-bedded sand. 

St . Lawrence Belt . 

Beekmantown dolomites and magnesian limestones occur near Cardinal, 
but none of the exposures arc of large ex ten l. The stone is generally dark grey, 
fine to medium·graincd, and thin-bedded, with a ve ry sli ght dip north or west. 
Exposures of Black River limestones occur in several places nor th a nd west of 
Cornwall, the two more important occurrences lyi ng, respectively, 4 miles north 
and S! miles west of the town. The stone is very dense and a lm ost black in 
colour. It i.:> massive, but with many penci l-like partings. One mile southeast 
of Summerstown station, Chazy limestone lies close to the surface over an area 
of a lit t le over 2 actes. In an ol 1 quarry is an exposure of 2 f.eet of medium and 
even-grained, light grey, thick-bedded limestone which lies nearly flat. 

A la rge par t of the country west of Cornwall is covered with boulder clay; 
to the cast the boulder clay is fo und more often on the higher land , ly ing in the 
fo rm of little ridges and hills. In a fc\\· sha llow sections it was found to be 
composed of ro unded boulders and a ngula r pebbles in a n1atrix of fin e sand , silt , 
and clay. The pebbles are largely limestone . The matrix is light bluish grey in 
colour and seems to contain more clay west of Morr isburg than to the east . Smal.l 
gravel deposits are found in many places and a few la rge ones occur 6 to 8 miles 
west of Cornwall where most of them form small, well-marked ridges lying on 
the western slope of larger bo ulder clay hills. They a rc as a rule Yery bouldery, 
becoming fine r in depth. They conta in ma rine shells, which occur in aggrega­
t ions and undisturbed layers in the boulders and gravel to depths of 13 feet from 
t he sur face. Stratified, blue, marine clay occupies most of t he fla t country 
north a nd cast of Cornwall and smaller strips of marine clay were seen west of 
t he town near the river. A narrow belt of sand lies along the shore of the 
St. Lawrence ri ver for a dislancc of 15 miles immed iately west of Cornwall. 

RO,\D lllATERl ALS. 

The road materia ls considered here are deposits of bedrock, boulders, and 
sand and gravel. 

Vaudreuil Area. 

In northwestern Vaud reu il t here a re la rge deposits of syenite porph yry, 
syenite, and gran ite t hat a re apparently of good road-making quality and to 
t he southeast of the moun ta in gneisses that are probably of inferior grade. 
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The large boulder deposits of the Rigaud hills would furnish a considerable 
amount of good stone and there are large amounts of piled field stone south of 
Point Fortune and around Moun t Oscar. Extensive deposits of gravel 
apparently of good quality occur in several places on the mountain, and other 
smaller deposits near the Ottawa river. 

Samples of the syenite porphyry and granite of Rigaud mountain have been 
tested and found to be · of durable quali ty .1 The hornblende syenites are prob-· 
ably also of fairly good quality; the gneisses may not be so durable . There are 
many million tons of each of these varieties of stone to be had from the Rigaud 
hills. The dolomite outcropping in the river west of Rigaud has been tested, 
Table I, and the results, as well as those on other dolomites of the same kind in 
this region, indicate a durable roadstone. Several thousand cubic yards can be 
quarried from the north bank of the river at low water-level, without much 
stripping, but the stone is heavily drift-covered farther back. 

There are two important areas of pi led field stone in northwestern Vaudreuil 
and a number of large deposits of unpiled stone in various places on Rigaud 
mountain. At Point Fortune there is about 40,000 cubic yards in the fences, 
of which near!y 28,000 cubic yards is under 1 foot in size. The stone has been 
used on macadam roads in Point Fortune and to a smaller extent in Rigaud 
with good results. The Mount Oscar area contains a total amount of 22,800 
cubic yards of piled boulders, of which 13,200 cubic yards are under 1 foot, the 
largest amount lying in the eastern part. Macadam roads have been constructed 
of this stone in St. Redempteur and Ste. Marthe and have given satisfactory 
service under light traffic. In the Rigaud hills there are large deposits of unpilecl 
boulders without much admixture of small pebbles or sand. These can be 
obtained without much difficulty. A large proportion of the broken stone roads 
in Rigaud have been built of stone from the boulder deposit at the Devil's 
Garden, with a top cou rse of imported limestone screenings in places. The road 
surfaces have stood up fairly well under light to medium traffic conditions. 

The boulders may be grouped into several series according to their com­
pos1t1on. In th is district they co11sist mainly of Potsdam sandstone, Beekman­
town dolomite, and igneous gnei ses. Each of these series was tested separately, 
their percentages of wear bein g: igneous gneisses, 2·6 per cent; Potsdam 
sandstone (fine-grained type), 2 · 2 per cent ; Beekmantown dolomite, 3 · 4 percent. 
The coarse-grained Potsdam andstone found in some of the fences has a high 
percentage of wear and is not suitable for road con truction. It was found by 
experiment2 that the percentage of wear of boulder mixtures made up of a 
number of series like the above could be safely calculated from the per cent of 
wear and proportionate amount of each series . Thus, if 50 per cent of a stock 
pile in this area is of gneiss, 25 per cent of fine-grained Potsdam, and 25 per cent 
of Beekmantown dolomite, the per cent of wear of the mixture is 

50 x 2. 6 + 25 x 2. 2 + 25 x 3. + 
100 

= 2 · 7 per cent. 

The composition of most of the fences in this d istrict can be estimated and when 
1 Geo!. Surv., Can., Sum. Rept .. 1916. p . 206. 
'Clark , K. ,\ .. Sum. Rr pt., ~lines Branch , De11 t of .:llines , 1918. 
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tha t is knpwn the average per cent of wear can be calculated . It is evident that 
th e per cent of wear of most of the mixtures will be 3 or less ; th a t is, the tests 
indicate tha t the b oulder aggrega tes are of a durable charac ter . 

The large gravel deposits in the Rigaud hill s have been developed in a small 
way only , as their posit ion prevents their tra nsporta tion to any distance. There 
are three easily available deposits near the Ottawa river ; two of these a re imme­
dia t ely south of Point F ortune, and the other 2 miles east of Rigaud . 

In T ables II , III , and IV, tes t numbers 60, 58 , 57 , a nd 59, t he results of 
tests upon the physical propert ies of gravels and sands are given . The value of 
t he gravels in a water-bound macadam , gravel road is influenced by the textures 
(or grading) as given in T ables II and III and by t heir percentages of wear 
a nd cementing values as given in T able IV. If T able II is compa red with T abl e 
V , in which the recommended gradings of gravel fo r gravel macadam roads· are 
given, it will be seen t hat the gradings of a ll four approach those in the SJ ecifica­
tions, a lthough some of the coarse stone could probably be screened ou t of sample 
60 from Point For tune and No. 51 is rather fine-grained. All of t he gravels 
have high cementing values, bu t only No. 57, from concession Riv iere a la 
Graisse at Rigaud , is du rable enough for any but the lightest traffic. T o 
determine whether or not t he sand por t ion of t hese gravels is suited fo r sheet 
asphalt construction , T able III should be com pared with T able VI. T o compare 
t he resul ts given in T able III wi th the specification requirements given in 
T a ble VI subtract the total percentages as given for each screen from that fo r 
t he next smaller screen. 

St. L awrence Area. 

The only rock outcrops ava ilable fo r road purposes in t he St. Lawrence 
a rea occur a round Cardinal and north a nd west of Cornwall. E xposures of 
Beekmantown dolomi te and magnesian limestone nor th and east of Cardinal 
would probably furnish over 50,000 yards of stone wi thin a maximum hauling 
distance of 3 miles from t he fron t road . More than 80,000 cubic yards have 
been ta ken from an old _q ua rry on the fron t road lt miles west of Cardinal, 
mainly for use in the construction of the ship canal, a nd 20,000 cubic yards are 
still available, withou t much overburden. North of Cornwall , over 85,000 
cubic yards have been quarried from an exposure of Black River limestone a nd 
used la rge.ly in the locks and walls of the Cornwall canal. Ou tcrops a re plen t iful 
in the sou theas t pa r t and over 100,000 cubi c yards could probably he q uarried 
wi thout difficulty. The ha uling distance to the fron t road a nd canal is 4! mil es. 
M ore than 200,000 cub ic yards of stone have been qua rried in five diffe ren t 
places in an a rea of Black River limestone 5! miles west of Cornwall , bu t there 
is practically no more stone availab le. One-half mile fa r ther sou th there i a 
small exposure of the same stone, where about 30,000 cubic yards can be easily 
qua rried . The haulage distance to the front road, canal, and railway sidin g is 
1! miles. 

Laboratory tes ts (T able I) indicate that the Beekm antown dolomi tes near 
Card ina l are in most cases durabl e enough to withs tand modera tely heavy 
traffi c up to 250 vehicles per clay. This stone docs not generally b in d well in 
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the roads, however, a nd it is a lso much less d urable where weathering has 
proceeded far. The Black River limestone near Cornwall is on ly suitable for 
light country traffic but should bind well in properly constructed roadways. 

Field stone deposits are plentiful along the St. Lawrence, between Lancaster 
and Aultsville; that is, for a distance of 30 miles. In this area t here are over 
100,000 cubic yards of piled boulders within 2 mi les of the river-road, about 
60, 000 cubic yards being under 1 foot in size. East of Lancaster t here a re on ly 
abou t 3,200 cubic yards scattered over a distance of 9 miles along the river. 
The largest a mount of thi stone lies between 1 and 2 miles from the front road. 
Between Au l ts ville and Cardinal, 20 mi les to the west, there are 20,900 cubic 
yards of pi led bou lders within 2 miles of the front road, of " ·hich 10,700 cubic 
yard s arc under 1 foot in size. 

Much crushed field stone has been 'used in the neighbourhood of Cornwall, 
mainly for repairing old gravel roads, but a lso for new construction. In nearly 
every case the stone is put in place in one single course, 9 to 12 inches in th ickness, 
and is not rolled. The same stone would give better resu lts if properly shaped, 
sprinkled, and rolled. 

The field stone in this area consists mainly of mixtures of boulders of igneous 
gneisses, fine-grained Potsd \m sandstone, and Btack River limestone. The 
percentage of wear of samples taken from each of these series in this district 
was found to be: igneous gneisses 2 · 7; fine-grained Potsdam sandstone 2 · 3; Black 
River limestone 3 · 6. Combin ations of these wou ld have a low percentage of 
wear; that is, they would make a durable road-bed if the coarse sandstones and 
weathered boulders were culled out before crushing. 

Gravel deposits are common along the St. Lawrence, but only a few are of 
large extent. The largest deposits occur from 5 to 12 miles west of Cornwall , 
and a considerable amount of gravel has been obtained from them. At Lancaster 
and a long the front road, there are two deposits of fairly good gravel, from which 
large amoun ts have been taken for road work. There has been ~ery li ttle 
development of the occurrences east of Corm.val\ , probably because of the poor 
quality of the material. A deposit of the natme of boulder sand lies lj- miles 
north of Cornwall , and as it is the only gravel deposit in the immediate n~igh­
bourhood of that town, it has been considerably deYeloped, notwithstanding its 
poor quali ty. From 5 to 12 miles west of Cornwall , there are thirteen deposits 
which have been developed and could furnish many thousand cubic yards of 
gravel. Their d istance to the front road is betw~en i- and 4t miles. As a 
rule the gravel is of fairly good quality, but bou ldery in places. Between 
Aultsville and Morrisburg a few small deposits, from 2 to 6 feet in depth, lie 
with in 2-! to H miles of the main road. Nor th of Morrisburg, there are two 
well developed deposits of gravel, 4! miles from th e front road. Between 
Morrisburg and Cardinal there are four occurrences of fairly good gravel with 
excavations, within 2 miles of the front road. 

The deposits in the St . Lawrence belt carry practiqtll y no igneous pebbles, 
but contain from 75 to 90 per cent of limestone and from 10 to 50 per cent of 
soft pebbles. The relative proportions of bou lders , sand, and gravel vary greatly, 
even within the same deposit. 
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Gravel has been used for over thirty years on the roads of this district and now 
sells at from 15 to 25 cents per cubic yard The roads are patched when needed , 
or are re-surfaced to a thickness of from 9 to 12 fee t, but are not rolled. Few of 
t he roads thus gravelled are much better than earth roads, except that they 
have harder foundations. In a few cases, however, where the gravelling is not 
older than 2 years and where t he subsoil is firm , the surface is in fairly good 
shape. 

The results of laboratory tests for percentage of wear, a nd cementing value 
of the gravels, are given in Table IV. The tests show that all the gravels 
cement well but appear to have a high percentage of wear, indicating that they 
are suited only to very light country traffic. Most of the deposits examined 
carry from 25 to 50 per cent of gravel and 75 to SO per cent of sand . The stone 
over 3 inches should be discarded a nd· it may be profitable to screen out the 
excess of sand , but most of the gravels are close enough to t he reqHired textures 
to be used for gravel macadam as they come from t he pit. 

The textures of the sand1 port ion of these gravel , Table III, fall within 
the recommended specification s for the textures of sands that a re to be used 111 

Portland cement concrete, but they were not tested as to t heir suitability in 
other respects. 

To determine wh ether the textures of the sand approach the specifications 
for sand in the wearing course of sheet asphalt, compare T ables Ill a nd VI, 
pages 8 and 10. 

Table !.- Results of T ests upon B edrock . 

French Water 
T est R ock Series P er co- Tough- .Hard- Specific absorbed 

Location . and cent of efficient per 
formations. wear. of 11C3:i. ncss. gravity. cubic Xo. species. 

wear. foot . 

1----------1----1-----·---------- -------- ----

17i Con. Riviere ii la Graissc. 
Rigaud. along Rigaud 
river ... ................ Dolomite. Beekmantown . . 3· + ti . 8 15 17 ·O 2·8 1 1 ·16 

172 Lots 5, 6, con. IV, Cornwall 
tp .................... .. Lime;tonc. Bla:k River .. 3 ·5 11 ·-l 6 16 ·6 2 · ( I O· 27 

178 Lot 7, co n. I V, Cornwall tp . . Limc-;tone. Black River ... J ·3 12. I 8 16· 0 2. 71 O· 16 

l 7 l Lot 24, co n. IV, Cornwall tp .. Limestone. Bla:k River . . 3 ·2 l 2 ·5 l6 ·+ 2. 7 l 0· 36 

169 Lot 26, con. IV, Cornwall tp . . Lime:;tone. Black River ... 3 ·5 11 ·,t, 2. 7 1 0 · 17 

176 Lot 25, con. I, :\[atilda to. .. Dolomite .. B;:ekmantown .. 2·7 1~ ·8 10 16 ·5 2 ·82 0 ·97 

I H Lot 34, con. ![,Matilda tp .. Dolo mite .. Beekmantown .. 3 · 2 12. 5 ll 16·3 2·83 0·98 

175 Lot l 1. con. r. Edwards-
burgh tp. ..... Dolomite . . Beekmantown .. 2·9 13 ·8 15·6 2·82 O· 7 

, 
1 " Final report of the joint committee in concrete and reinforced concrete ": Proc. Am. Soc. T e,:;t. J\.Iater., ,-ol. 

X\'II , 1917, pt. I, p. 2 16. · 
The American Society for Testing Materials recommends that not over 30 per cent of the fine aggregate. that is 

. sand\ under t inch in diameter, shall pass a 50 mesh :; icve (practically equivalent to -18 me3h in T able lI [) anct not 
more than S per cent a 100 mesh sieve. 
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T able !!.- R esults of L aboratory A nalyses of T extu res of Gravel and Sand 
Aggregates. 

Location. 

Total percentages retained on screens with 
Test openings of d iameter-inches Sand 

No. 
2. I. ' .. ' :!• 

J?aSS-
1ng. 

!. ---
{. 

-----------------!--- ------ ------------ ---

Point Fortune. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Point Fortune.. . . . . . . . . . . . . . . . . . . ...... .. .. . . . . . 
Con. Ri \"iere a la Graissc, Rigaud.... . . . . . . . ... . 
Con . Raquette. Sud. Rigaud...... . . . . . . . . . . . ...... . 
Lot 36, con. J, Lancaster .. . ............ . .. . ...... . . . 
Lot 36~. con. l , Lancaster. . . . . . . . . . . . . . . . . . . .... . .. . 
Lots 4, S, con. I l l , Char lottenburgh ....... . . 
Lots t , 2, con. 1, Charlot tenburgh . ...... . 
Lots 23, H, con. 11 , Charlottenburgh ................ . 

Con. II, Charlottenburgh ......... . .. . ..... . 
Lots 7, 8, COIL II. Cornwall ... ... .... . .... . .......... . 
Lot 10. con . V Cornwall .. . ... . .. . ... . ..... . ........ . 
Lot t 2, con.\' , Cornwall... . .. . .. . .. . . . 
Lot 22, con.\', Cornwall............... . . . ..... . 
Lot 2S, con. 1 \', Cornwall. 
East bank, lot 2.5, con. IV, Cornwall ........ .... . 
South bank, lots 33 to 36, co ns. \', \ ' I, Cornwall.. . ... . 
Lots 33 to 36, cons. V, V I, Co rn wall '.... . ..... . 
Lots 33 to 36, cons. V. \I I , Cornwa ll '. . . . . . . . . . . . .... . 
Lot 27, con . V, Co rnwall"'.. . . . . . . . . . . . . . . . . .. 
Lots JO, 31, con. VI. Cornwall .............. . 
\Vest fare. lots 30, 3 1, COIL V I , Cornwall ..... . .. . . .. . 
Xorth face, lot 14 , con. l, Osnabruck . .. .. . ...... . . . 
Lot 2, con. 11 , Osnabruck ............... . .......... . 
Lot 1.1, COIL I 11, Osnabruck2 . . . . . . . . . . . . . • . . .. 
Lol 13, con. 111. Osnabruck2 ••. . .•....... • •.•..•..•. 

Lots 24 to 27, co n. IV. Osnob ruck3 .....•.•.. • . .• • •.. 
Lots 24 to 27 . con. ! \', Osnabruck'. . ..... . 
Lots 26, 27. con. I 11. W ill iamsburg ........... . 
Lot 35, con. 1 \'. W ill iamsburg ........ .. .. . ..... ... . . . 
Lot 35 , con. 111. Will iamsburg ............. . ........ . 
Lot I . con. I , Matilda .... , . . . . .... . ............... . 
Lot 3, con. 1, Ma tilda. . ....................... . 
Lot 19, con. 11 , Matilda... . .. . ...... . . .. . . ... . 
Lot5,con. Ill , Matilda ...................... . 
Lots 32 . 33, con . I , Matilda........ . ............... . 
Lots 4 , S, con. Ill. E d ward sbu rgh ................... . 

1 Two different places in the same pit. 
2 From two different places in the same pit. 
3 .. " " 
' (Day'~ pit). 

60 
S8 
S7 
59 
79 
63 
64 
71 
65 
72 
61 
62 
68 
SJ 
78 
;x 
70 
S5 
56 

83a 
83b 
52 
66 
54 
67 
69 
7J 
.::;o 
76 
77 
74 
7S 
.5 1 
80 
82 
81 

9 
5 
0 
5 
5 

13 
s 

13 
13 
2 
8 

17 
5 

23 
5 
s 

13 
7 

13 

14 
16 
16 
18 
3 

16 
12 
12 

7 
9 

12 
15 
LO 
10 
II 
14 
19 

26 
18 

1 
20 
15 
28 
16 
23 
3 1 
10 
18 
29 

7 
33 
18 
13 
26 
19 
2 1 

26 
26 
28 
34 
11 
28 
26 
2S 

9 
22 
25 
30 
22 
21 
2 1 
26 
32 

-ti 
29 
s 

39 
30 
42 
33 
36 
so 
22 
30 
42 
13 
44 
33 
23 
40 
3S 
34 

37 
38 
42 
50 
26 
4 1 
39 
39 
25 
39 
37 
43 
37 
32 
35 
4 7 
46 

47 
34 
II 
50 
JS 
49 
43 
44 
S8 
29 
37 
49 
17 
49 
4 1 
32 
so 
43 
+2 

4•l 
4S 
48 
SS 
32 
48 
45 
-ti 
J2 
48 
45 
+7 
44 
38 
44 
6 1 
52 

54 
42 
30 
6 1 
49 
57 
5$ 
52 
6S 
40 
4S 
.56 
23 
SS 
49_ 
40 
65 
S4 
5 1 

SI 
S I 
SS 
65 
42 
S7 
S2 
54 
40 
60 
S7 
S5 
54 
49 
SS 
74 
60 

63 37 
S2 48 
60 40 
73 27 
6S 35 
67 33 
7i 23 
67 33 
75 2S 
S6 44 
S9 +1 
6-l 36 
41 56 
6-l 36 
58 4 2 
S3 4 7 
76 24 
67 33 
64 36 

6 1 39 
6 1 39 
6S 35 
72 28 
SS 4S 
69 3 1 
6 1 39 
63 37 
5 1 49 
73 27 
72 28 
66 34 
67 33 
63 37 
69 3 1 
84 16 
69 3 1 



8 

Table I I !.- R esults of Laboratory Analyses of Textures of the Sand Portion of the 
Gravel Aggregates. 

(For the locations of test numbers see Table II. ) 

Total percentages retained on sieves of 
Pass ing 

Test No. 200 
mesh. 

8 mesh 1-! mesh 28 mesh 48 mesh 100 mesh 200 mesh 

60 .. . . .. ....... . .......... 19 32 63 88 9-! 96 + 58 ... . ... . .............. . . 24 56 90 97 98 99 0·6 
57 ... .. ..... . ........ . ... . 45 52 59 82 98 99 1 
59 ... .. . . . . .. .. .. . . . . . . . . . 24 39 63 85 90 93 7 
79 .... ....... . . 40 69 82 85 88 91 9 
63 .... ... . ..... . ... . . .. ... 25 54 80 87 90 93 7 
64 ..... .. . . . .. .. 56 72 78 82 85 89 11 
71. .. .. ..... ......... 35 60 72 80 66 91 9 
65 . .. ... . . . . . . . . . . . . . . . . . . 27 42 54 73 82 89 11 
72 .. .. ... . .... . . " ......... 32 57 75 85 91 94 6 
61 .. . .. .......... 27 51 72 89 94 96 -! 
62 ..... . .. .............. .. 15 29 48 82 94 96 + 68 . .. .. . . . . . . . . . . . . . . .. 46 74 81 88 95 97 3 
53 .. ... ... . ..... .. . . ...... 17 28 -!3 83 97 99 t 
78 .. ..................... . 14 28 57 8-! 92 95 5 
78 . ..... ... ... .. . . ........ 24 -!2 61 80 91 96 -! 
70 ... . ....... . ......... . .. -±5 67 81 86 89 91 9 
55 ...... . .... . ... . .... . ... 25 39 51 80 95 97 3 
56 .. .. . . . . . . . . . . . . . . . . . . 24 38 49 73 96 98 2 
83a .. . ... . . . . . . 19 35 55 85 95 97 3 
83b .. ... . . . . . . . . . . . . . . . . . . 19 35 56 88 97 98 2 
52 . . ..... .. ....... 23 41 58 87 96 98 2 
66 ... . . . . . . . . . . . . . . . . . . . . . 25 45 60 84 97 99 1 
54 . . ... . . . .. . ....... . 26 43 61 86 97 99 l 
67 ......... . ..... 25 -!2 57 83 95 98 2 
69 ... . .. . . . . . . . . . . 16 31 52 86 97 99 1 
73 ... . .. . . . . . .. . . . . . . . . . . . 17 32 52 85 96 98 2 
50 .. . ...... . ........ .. .... 24 43 60 88 95 97 3 
76 .. ................... . .. 35 64 83 89 91 93 7 
77 .. .... .... . ... . ......... 36 161 79 88 93 95 5 
74 .. ... .. ........ ..... . .. . 23 36 51 80 89 92 ' ' 75 .. . ............. . ....... 34 61 82 91 95 97 3 
51. .... . . . . . . . . . . . . . . . . . . . 34 53 67 80 86 91 9 
80 ... . . . . . . . . . ... . . . . . . . . . . 34 53 70 91 96 98 2 
82 ..... . ....... . .......... 39 55 62 66 71 79 21 
81 . . .......... ... . .. . . .... 24 -!2 60 84 94 96 + 
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Table IV.- Results of Tests upon Gravels and Sands. 

(For the locations of test numbers see Table II. ) 

Percentage voids. \!Vear. 
Test Average Cement-

specific ing Remarks. 
~o. gravi ty. French value. 

Loose. Com- Percent- CO· 
pacted. age. efficient. 

. 
60 2·69 25 22 18 ·0 2·2 73 1 

58 2 ·69 28 25 6·1 6 ·6 97 1 

57 .2·62 28 27 1·7 23·5 75 
59 2·66 27 24 5·6 7 · 1 51 
79 2-70 29 2.5 14 ·5 2·8 43 1 

63 2-70 25 22 8·6 4·6 67 2 

64 2·67 38 36 11 · 1 3 ·6 291 1 Boulder clay. 
71 2·66 34 29 4 . 7 8 ·5 1861 Much clay . 
65 2·68 29 25 8·3 4·8 1861 " i2 2· 71 30 26 9·1 4.4 95 2 

61 2-73 28 24 11 ·6 3.5 61' 
62 2·69 23 21 5 · 1 7· 8 91 
68 2 ·67 29 27 5·2 7.7 158 
53 2·70 20 17 6·4 6·3 84 
78 2 -72 25 20 .. ...... . . . . . . . . . . . . . ... East bank. 
78 2-72 23 20 7·6 5 .3 79 1 East and south bank mix . 
70 '2 ·67 31 26 12·5 3·2 148 Much loam. 
55 2·69 23 20 4·8 8·3 106 
56 2·69 21 20 4 ·0 10·0 111 
83a 2 · 70 22 19 5·6 7·2 82 
83b 2-70 23 19 9·6 4·2 .. ... . . . 
52 2·69 25 21 16·2 2·5 1261 

66 2·70 22 22 2·6 15 ·4 217 1 

54 2·70 25 22 7.9 S·l 86 
67 2·71 25 19 7 ·O . 5 .7 85 
69 2·69 24 19 5.3 i-6 80 
73 2·69 29 19 3.9 10·3 108 
50 2. 70 27 22 13·2 3·0 89 
76 2·72 29 26 8·1 4 .9 74 1 

77 2 · 71 29 25 5 ·8 6·9 47 1 

74 2·68 27 23 19·5 2·1 95 1 

75 2· 71 28 24 6·3 6·4 591 

51 2 · 71 30 25 9.7 4 · 1 95 1 

80 2·72 25 21 8 ·2 4.9 61 2 

82 2· 77 32 28 7·2 5·6 75 
81 2 · 77 23 18 13·5 3 ·0 61 

\ 
1 Dried briquettes. used for the cementing test, slaked after being imme rsed in water fo r about one hour. 
1 Dried briquettes slaked quick! }' on immersion in water. 
Briquette~ correspo nding to the othe r ce menting test valu es showed lit tle or no te nd ency to slake eve n afte r 

orolonged immer!lion. 
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Table' V.-Specification for Gravel for Water-bound Gravel Roads. 

Cumulative Percentages Retained on S creens 

Passing 
3 in. 2! in. 2 in. l t in. 1 in. 3 • 

, 1n. l. 
2 111. ! in . 200 

mesh. ____________ , ___ -----------------------~ 

1. Wearing course ...... . 0 . . ..... 15 to 55 .. .... 60 to 7 5 5 to 15 1• 

-----------1·-----------------------------

OtoS ... . .. lOto.55 ..... ..... . .. 50to755 .to15 2 • 

------------ --------------------------~ 

2. Base course. 0 15 to 55 ............ . 60 to 7 5 5 to 15 1• 

-----______ , ___ --------------------------

. . . . . . . . . . 0 to 5 10 to 55 ... ~- . . ...... SO to 755to15' . 

1 Recommended by the Amer. Soc. of Civ. Eng. , Jan. , 1917. 
2 Reco mmended by the Office of Public Roads, Washington . 
Percentages to the nearest 5 per cent. 

Table VI.- R ecommended1 Specifications for Sand for Sheet Asphalt Wearing 
Course. 

Passing 10-mesh sieve .. . ............. . . . .... .. .. . . .... ............ . ........ . 
Total passing 10-mesh and reta ined on 40-mesh sieve ... . . : . .. ........... .. . . .. . 
Passing 10-mesh " " 20-mesh " .. . ........ ... ........ . ... . 

" 20-mesh " 30-mesh " . .. .. ....... _ ...... .. . . . .. . 
30-mesh 40-mesh " .................. . ... . .. . . 
40-mesh " SO-mesh " .. .. ..... . . .. ..... . ... .. .. . 
SO-mesh " 80-mesh " ............ ... .. . ........ . 

Tota l passing 80-mesh sieve and retai ned in 200-mesh sieve ................ ..... . 
" 80-mesh " " 100-mesh " .. .. . ' . ... . .. .. ....... . 

100-mesh " 200-mesh " ..... . .......... .. ... . 
Pass ing 200-mesh sieve ............ ... ...... . ............ . . . .. ... . . . . ....... . 

Per ce nt. 

100 
12 to 50 

2 to 15 
S to 15 
S to 25 
5 to 30 
5 to 40 

20 to 40 
6 to 20 

10 to 25 
0 to 5 

1 These specifications are those recom mended by the Office of Public Roads and are practically id entical with 
those recommended by the American Society of Civil Engineers. 
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