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PREFACE 

Tn,; folln"''ing pagC1s \YC'r<' preparrd for the srconcl-yenr 

~tud1·11t:-- of t.lu· depnrt1nc•11{, of eivil ('nginPrring at Colun1bia 

Lyni\·c-rsity, \Yith a Yic'" to furnishing a text in ,vhirh the funda-

1111'11tal::; of t hP subjcC't ~hould not he buriC'd in a n1ass of de­

tail, ~uch n~ ii:- frequently found to be the case in '\Yorks of a 
~in1ilar <'harat·trr. 

'l'hi:-l hnok i~. th1'rl'f on.\ not n rPfcrc•tH'C'-\,·ork, but rather one 

in ,vhi1·l1 it ha:-- h1'c·11 th<' t•ndC'nvor to outline and ctnpha':!ize 

thn,1• lia.:--i1· principll'S ,vhiC'h arl' r..s:-:c·ntial to good high,vay:-;. 

1\ 1·knn\\'IPdgnH•nt is h<'fl' n1n.dt> for the assistnnre that has 

h1•vn ohtnitH'd frnn1 lhP 1nany f'\'.eellt>nt \\'Orks on the subjc>ct, 

nnd fro,n t l1<· c..;nvprun1<•nt nnd Htnt<.• report--. In a number of 
c·a-:1\s t,hc.,f' hn\'1• bc't'll quoted fron1 quite fl'eely. 
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HIGH,,rAY ENGINEERING 

CHAPTER I 

ROAD RESISTANCES 

SINCE in transportation of any kind, whether by means of cars 
as on railways, or wagons as on ordinary roads, the object is to 
haul a load as cheaply as possible-that is, aside from the questions 
of initial cost and n1aintenance and repair, to haul the greatest 
load ,vi.th the least expenditure of energy-it will be quite proper 
in the subject of roads and pavements to consider first t hose 
factors tending to affect the tractive force per unit load and 
thus the cost of transportation. 

By tractive force is meant the force exerted by a team in 
drawing a load over a road, and it is usually expressed in pounds 
per ton. The resistances to be overcome, called tractive re­
sistances, are due to the load itself and the wagon carrying it. 
The general term tractive resistance, as applied to wagon haul­
age, may be separated into three parts: (1) Axle friction, (2) 
Rolling resistance, and (3) Grade resistance; and fron1 this con­
sideration the most advantageous condition of road transporta­
tion may be determined. 

Axle Friction. Not very much is definitely known concern­
ing t his factor in wagon haulage, not only because of the few ex­
periments made for its <letermination, but because of its rela­
tively small importance as compared wit h the other resistances. 

1 
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2 HIGHWAY ENGINEERING 

Those experiments that have been n1ade, however, seem to check 
fairly well similar values obtained with rail,vay car journals and 

in machines. 
Axle friction depends upon the nature of the rubbing surfaces, 

i.e., the material of which the hub and axle arc rnacle, upon the 
degree of lubrication, and the nature of the lubricant. ,,

1
ith poor 

lubrication, this factor will be fro1n t"·o to i:-ix tin1cs the ya]ue 
obtained with good lubrication. In car journal~, at least, the 
axle friction is dependent to some extent upon both Yelocity and 
temperature. That it varies inversely as so1ne function of the 
pressure is known, but the exact relation has neYer been deter­
mined. According to Baker, for light carriages ,yhcn loaded, the 
coefficient of friction is about 0.020 of the ,,·eight on the axle, for 
heavier carriages 0.015, and for comn1on American ,Yagons 0.012; 
or for the above carriages, from 3 to 4! lbs. of tractive force per 
ton of weight on the axle may be charged to axle friction. As the 
diameter of the axle is decreased, ancl that of the v.·heel inrreased, 
the friction resistance may be din1inishecl, but it should be ob­
served that an undue decrease in the cross-section of the axle 
increases the axle pressure per unit area, causing excessive heat 

and wear. 
In train resistances, the coefficient of resistance, in pounds per 

ton clue to axle friction, has been found to br equal to the product 
of the coefficient of friction tjmes the clian1etcr of the axle, divided 
by the diameter of the wheel, multiplied by the nun1ber of pounds 

in a ton. 

Coefficient of resistance= 
coefficient of friction X diameter of axle •) 000 

diameter of wheel X - , 

Rolling Resistance. This is made up of seYeral components 
but is due principally to the fact that, no matter how perfect 
the road's surface, the wheel of a vehicle "rill always sink to some 
extent into the metal, and it is thus always in the act of rolling 
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up a small incline. This of cow·se is less in the case of the 
v,heels of a locomotive on steel rails than in that of an ordinary 
cart hauled over an average road, but it exists in the former as 
well as in the latter. 

The tractive force required to overcome this resistance might 
be found by the following demonstration. In Fig. 1, let \ TDR be 

z 

p M 0 

FIG. l. 

the original and natw·al surface of the road, 0 the centre of the 
wheel ZYD, TY the depth to which the wheel has sunk into t he 
road metal, and P the direction of the n1otive force. 

The submerged portion of t he wheel is DY, of which it may 
be assumed that t he arc corresponds with the chord. The re­
sistance to penetration then is a maximum at Y, zero at D, 
diminishing with the depth of depression, and may be represented 
by an isosceles triangle with the centre of gravity at N, located 
one-third the distance YN from the base Y. This is also the 
centre of resistance and pressure of the load measured in direc­
tion and intensity by OS. The tractive f orcc is measured by 
NS or MO. Since the depth TY is small, OS may be assumed 
equal to the radius of the wheel OY, and NS as one-third of the 
one-half chord DT. It follows then that if W =the load, T.F. = 
t he tractive force, and R = radius of wheel, 
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DT DT 
W ·T F · · OY· · · R· . . . . . . 3 . . . :3 

and 
\ 'U I)T 

the resistance to traction = 

but 
DT = v ZT X TY 

and therefore the tractive force, 

-~ X :3 , 

R 

MO = _!_ X vV v ZT X TY 
3 R 

On the other hand, the power required to clraw a wheel over 
an obstacle such as a stone n1ay be detern1ined as follows. 
Let O be the centre of the wheel, YZ the road, S the obstacle, 
and P the direction of the motive force Oil. This is the force 
necessary to draw the wheel to the point S. The rnon1ent of the 

p 

FIG. 2. 

tractive force is equal to the force 0)1 tinH'-; its lever nrn1 :\IS. 
But the weight of the load is acting in the direction OY and i~ 
represented in intensity by OX; itR }eyer arm is thc·refore- rr1ual 
to XS. For a condition of equilibriurn XS X OX= 0)1 Y )IS. If 
0~1 be represented by P and OX by \V, then the trartiYC' forer 

p = ,,rxs 
n'lS 
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The various components of rolling resistance affecting its 
value are: (a) The diameter of the \vheel; (b) The width of the 
tire; ( c) The speed ; ( d) The presence or absence of springs, and 
(e) The road surface. 

THE DIA.\IETER OF THE \\rHEEL. Experimentally it has been 
deternlinecl that the diameter of a wheel affects the rolling re­
sistance in so1ne inverse ratio. This may be accounted for by 
the fact that the sn1aller \vheel makes a deeper depression in a 
road than the larger, ancl therefore requiresgreater effort to haul 
it out. The previous figure gives the following solution: 

XS 
P X }IS = ,v X XS or P = "\V ~IS 

XS : MS : : tan XOS : 1 ( dividing by MS) 
tan XOS = tan 2(SYZ) 
. · . P = W tan 2(SYZ) 

But as the SYZ increases inversely as the diameter of the wheel, 
the value of P nill vary in like manner, and large wheels are hence 
better than small ones. 

lvl. 1Iorin experimenting upon the effect of diameter found 
that on a given road and ~·ith a given load, a 6 ft. 8 in. wheel had 
but little effect upon the roaJ surface; that a 4 ft. 9 in. wheel cut 
deep ruts, and that a 10.5 in. vvhcel cut still deeper ruts. 

At Beclforcl, England, in 1874, it was shown what effect the 
diameter of a wheel exerted upon the tractive force, when it was 
demonstrated that a pull of 1 lb. ·could move a load of 35.1 lbs. 
resting on a wheel 3 ft. 5 ins. in diameter, whereas the same force 
could move as much as 58.7 lbs. on a wheel 5.0 ft. in dian1eter. 

Naturally the smaller wheels present the smaller bearing sur­
face to the road, thus increasing the pressure per unit area for 
equally weighted vehicles. This increase frequently causes tho 
depressions in, and undue wear of, the road's surface. 

THE "\V1DTH OF TIRE. Perhaps no one of the above-men­
tioned components of rolling resistance has been discussed so 
frequently and so much as that of width of tire, in its effect upon 
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both haulage and road preserYation. Generally the subject is 
approache<l from the standpoint of road preservation rather than 
that of <lecrcase in tractive force; but both are ,vorthy of care­

ful consideration. 
Narro,v-tirccl wheels, like those of sn1all dia111eter, are fre-

quently required to carry a greater load per unit of bearing sur­
face than is desirable, v,ith the consequent cff ect that they not 
only increase the effort upon the horsr, but, sinking deeper into 

the roacl, tend to destroy it 1norc quickly. 
Though it is generally consiclcrrcl that the adoption and use of 

broa<l tires \\rill in1prove the road surface, thr fact "·as 1nentioned 
by thr ~Iassachusctts State Highway Con1111isfion, in its Report of 
1893, that results n1ight not warrant such a change. Assun1ing 
that in the Htate of nlassachusctts thrre were 50,000 ·vehicles 
requiring a change in the witlth of tire, at an aYerage cost of $20 a 
vehicle, this \);'ould 1nean an expenditure of $1,000,000 for the 
alteration. It was pointr<l out that ,vith this an1ount 200 n1ilcs 
of very excellent road could be built" of the kind that would not 
be affected by any width of tire. 1

' This is a point well taken, but 
it should be rc1nembcred that varying conditions require different 

consideration. 
In ~cw Jersey it is 1naintaincd by the High"'aY Con1mission 

that ,vhen a road is i1nprovecl, inunediately heaYier loads are 
hauled on the Raine tireR, causing ruts "·hich hold water, with the 
consequent rrsult of the diRintegration of the foundation. Such ill 
effects can only hr overcorne by " 'ider t.ires, thus decreasing the 
unit load an<l the drstructiYc cff ects of the "·heels. It has also 
bren suggcRtrcl that to supplernrnt thr goo(l eff cct of road-rolling 
n1achines, four-inch tires br required on hra.Yy trucks and that 
their owner's license be denied until such require1ncnts be con1-

plied ,vith. 
To this effect, an act of the New Jersey Lrgislaturc dated 

March 24th, 1896, pern1its township committees to pass an ordi­
nance allowing a rebate of taxes to owners or possessors of vragons 
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and carts with tires not less than four inches in width; and in 
l\rlaryland, on toll roads, only one-half the rate is collected fron1 
drivers of broad-tired \\·agons. 

Expc1iments shO\\' that "rith a uniforn1 load and wheels of 
equal diameter, a tire 2.4 inches causes double the wear to the 
road that is produced by a tire 4.6 inches wide; but it may be 
questioned if tires broader than this have any advantage. 

Tests made at the Missouri Experiment Station covering a 
period of t\"\·o years, on n1aca<lam, gravel, and dirt roads, in all 
conditions, and on meado"', pasture, and ploughed land, both 
wet and dry, show the follo'\\ring results. The tests were made 
with a net load of 2,000 pounds in every case, a self:-recording 
dynan1ometer being used to measure the tractive force. 

"1. ON 1IACADAi\1 STREET. As an average of 2 trials made, a 
load of 2,518 lbs. could have been hauled on the broad tires (6 
ins.) with the san1e draught that a load of 2,000 lbs. required 
on narrow tires (1½ ins.). 

"2. GRAVEL Ro.AD. In all conditions of the gravel road, 
except wet and sloppy on top, the draught of the broad-tired 
wagon was very much less than that of the narrow-tired wagon. 
Averaging the 6 trials, a load of 2,482 lbs. could be hauled on 
the broad tires "-ith the san1e draught required for a load of 
2,000 lbs. on the narrow tires. 

"3. DIRT ROAD. (a) '\\nen dry, hard, and free from ruts and 
dust, 2,530 lbs. could have been hauled on the broad tires with the 
i=;ame draught required for 2,000 lbs. on the narrow tires. (b) 
-n·hen the su1face "·as covered \"\-ith 2 or 3 ins. of very dry loose 
dust, the results were unfavorable to the broad tire. The dust 
on the road in each of these trials was unusually deep. (c) On 
clay road, n1uddy and sticky on the surface and firm underneath, 
the results "'ere uniformly unfavorable to the broad tires. (d) 
On clay road, ,Yith n1ucl deep and drying on top, or dry on top 
and spongy underneath, a large number of tests showed uni­
formly favorable to the broad tire. The difference amounted to 
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from 52 to 61 per cent, or about 3,200 lbs. could have been 
hauled on the broad tires with the same draught required to 
draw 2,000 lbs. on the narrow tires. In this condition of road 
the broad tires show to their greatest adYantage. As the road 
dries and becomes firmer, the difference of the draught of the 
broad and narrow tires gradually diminishes until it reaches 
about 25 to 30 per cent on dry, level. smooth tlirt, graYel, or 
macadam road in favor of the broad tire. On the other hand, 
as the mud becomes softer and deeper, the difference between 
the draught of the two types of \Yagons rapidly diminishes until 
the condition is reached when the n1ud adheres to both sets of 
wheels; here the advantage of the broad tires ceases entirely, 
and the narrov\· tires pull n1aterially lighter. (e) Clay road, 
surface dry, with deep ruts cut by narrow tires in the ordinary 
use of the road. In every trial the first run of the broad tire 
over the narrov\1-tire ruts showed a materially increased draught 
when compared with that of the narrow tire run in its own 
rut. The second run of the broad tires in the same track, 
where the rut is not deep, completely eliminated this disad­
vantage, and showed a lighter draught for the broad tire than 
the narrow tire showed in the first run. "'\Vhere the ruts were 
eight inches deep, v\rith rigid walls, three runs of the broad tire 
in its own track over the ruts were required to eliminate the 
disadvantage. Three runs of the broad tire over this track 
have in all cases been sufficient, ho'\-vever, to so improve the 
road surf ace that both the broad- and narrow-tired \Yagons 
passed over this road with less draught than the na1-ro,v tires did 
in the original ruts. In addition to the saving of draught, the 
road was made very much more comfortable and pleasant for the 
users of light vehicles and pleasure carriages by the few runs of 
the six-inch tire. Summing up all the tests on dirt roads, it ap­
pears that there are but three conditions on which the broad tires 
draw heavier than the narrow tires, namely, (1) "'\Vhen the road 
is sloppy, muddy or sticky on the surf ace, and firm or hard under-
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neath ; (2) when the surface is covered with a very deep, loose 
dust, and hard underneath; (3) when the mud is very deep and 
so sticky that it adheres to the wheels on both kinds of wagons. 
I t appears that the dust must ·be extraordinarily deep to show a 
higher draught from the broad tires than from the narrow tires. 
The three conditions just named, therefore, are somewhat un­
usual and of comparatively short duration. Through a majority 
of days in the year, and at times when the dirt roads are most 
used, and ,vhen their use is most imperative, the broad-tired 
wagons pull materially lighter than the narrow-tired wagons. 

"4. A large number of tests on meadow, pastw·e, and stubble­
land, corn ground and ploughed ground in every condition, from 
dry, hard, and firm to wet and soft, show without a single excep­
tion a large difference in draught in favor of the broad tires. 
This difference ranged from 17 to 120 per cent. 

"5. It appears that 6 ins. is the best width of tire for a com­
bination farm and road wagon, and that both axles should be 
t he same length, so that the front and hind wheels will run in 
the same track." 

It is therefore evident that wide tires not only tend to di­
minish the draught under most conditions, but that they also 
aid in the preservation of the road surface. 

SPEED increases the rolling resistance, as the shocks, due to 
irregularities in the surface, occur with greater frequency. On a 
uniformly smooth surface, MM. l\1orin and Dupuit found that the 
resistance to traction is independent of the speed, but on ordinary 
roads or pavements it has been shown to vary as some power of 
the velocity. Naturally it is dependent upon the surface and 
also upon the presence or absence of springs. 

SPRINGS decrease the shock to which the vehicle is subj ect in 
rolling over rough surfaces, and hence diminish the tractive force 
as well as ,vear and tear to ,vagon and road. For smooth roads, 
this will vary less than for rough. Like speed, it is but a small 
factor in rolling resistance. 

ROAD SURFACE. The effect of the road surface upon rolling 

• 
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resistance and tractive force is quite evident in the two extreme 
cases of a railway and an ordinary dirt road. It requires no 
demonstration to be convinced that for the same expenditure of 
energy, other things being equal, a very much heavier load may 
be hauled on the former than on the latter. In other words, the 
smoother and harder the road for a level surface, and disregard­
ing the question of foothold, the greater the load that may be 
hauled for a unit of power. Smoothness and hardness not only 
reduce tractive force, but produce comfort, and din1inish shock, 
wear and tear on road, vehicle, and animal. 

The follo"ring figure represents graphically the conditions 
resulting from various pavements. 

6270 

2 HORSES ON 
GOOD 

GRAVEL ROAD 

1 HORSE ON 

e HORSES ON 
LOOSE GRAVEL 

OR DIRT ROAD 

10 HORSES 

ON LOOSE SAND 
OR MUD ROAD 

, =~~~~~~~~ GOOD il:= ~ - .:_\_ MACADAM 

~ =-
6270 

,VgHORSEON 
' IRON PLATES 

OR RAILS 

Flo. 3.-Sho"ring the Effect of Road Covering on TractiYc Force. 

As showing the effect of surface upon tractive force, the fol­
lowing table from Sir John McN eill is given : 

Tractive Force. 

Kind ot Road. 
Pounds Per Ton. 

Well-made block pavement ... ............. .. . 
Telford or macadam ................. ... ......... . 

33 
46 
65 Old flint road ................................... . 

Loose gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 
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The results tabulated below are from the t ests made by M. 
Morin: 

TRACTIVE FORCE. 

-
Kind ot Road. Carts, 3 Miles Wagons2Tons, Carriages with Carriages with 

Springs. Springs. 
per Hour. 3 Miles per 8 Miles per 6 Miles per Bour. Pounds per Pounds per Hour. Bour. 

Ton. Ton. Pounds per Pound'!per 
Ton. Ton. 

New road \"\ith 5 ins. of 
gravel .............. 

Earth road with ½ in. of 
166 222 250 

gravel. ..... . ........ 
Broken stone in best 

125 191 200 

condition . . .......... 27 37 42 48 
Broken stone, much rut-

ted and very muddy .. 105 143 166 200 
Pn.veinent, clean ........ 11 30 35 53 
P avement, muddy ...... 14 40 45 66 

The following table from Rudolph Herring shows t he effect of 
road surface on t ractive force. The velocity in each case is three 
miles per hour. 

Tractive Force. 
K!nd of Road. Pounds. Authority. 

loose sand ...................... . 448 Bevan. 
Loose gravel (deep) . . . . . . . . . . . . . . . 320 " 
Loose gravel (4 ins.) ............. . 222 Morin. 
Common gravel road ............. . 147 McNeill. 
Good gravel. .................... . 88 R umford. 
Hard rolled gravel. . . . . . . . . . . . . . . . . 75 Minard. 
Ordinary dirt road ............... . 224 Bevan. 
Hard clay .................. ..... . 112 " 
Ha rd, d ry, di rt road .............. . 89 Morin. 
Macadam, little used ............. . 140 to 97 " 
Bad macadam ................... . 160 Gordon. 
Poor macadam ................... . 112 Navier. 
Common macadam ............... . 64 Peidounet. 
Good macadam, wet ............. . 75 to 42 Morin. 
Best French macadam ............ . 45 Na vier. 
Very hard and smooth macadam .... . 46 McNeill. 
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Tmcllvc Force. 
Kind of Road. Pounds. Authortty. 

Best macadam ............... . 50 Rumford. 

" 49 to 37½ Gordon. 
Best macadam .................. . 52 to 32 l\lorin. 

' Cobblestone, ordinary ............. . 140 l{ossack. 
Cobblestone, good .......... .. .... . 75 " 
Belgian block .................... . 56 l\lcNeill. 
Bl' blk·p· e gian oc 1n ans ............ . 54 to 34 Na.vier. 
Belgian block .................... . 37½ Rumford. 
Belgian block, good ............... . 34½ l\lcN eill. 
Belgian block .................... . 50 to 26 l\lorin. 
Stone block, ordinary ............. . 90 i\finard. 
Stone block, good ............. . 45 Rumford 
Stone block, London ............. . . 36 Gordon. 
Asphalt .................... . -... . . 17 " 
Granite tramway ................. . 13½ " 

" . . . . . . . . . . . . . . . . . I 2½ " 
Iron railway ..................... . 11 ½ " 

" . . . . . . . . . . . . . . . . . . .. 8 Lecount. 

The results of traction tests given below ,vcre made by the 
Office of Road Inquiry of the U.S. Governn1ent. 

Tractive Force. 
Kind or Road. Pounds. 

Loose sand (experimental) ................ . . .. . ........ 320 
Best gravel (park road) ............................... 51 
Best clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 
Best macadam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Poor block pavement............. ......... . . . . . . . . . . . 42 
Cobblest.one. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Poor asphalt.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

I n the line of relative tractive resistance on brick and 
asphalt pave,nents fe,v tests have yet been n1ade, so that 
the following results obtained fro1n tests 1nade by the De­
partment of Civil Engineering of Iowa State University arc 

of s01ne value. 

• 
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T RACTION TESTS ON BRICK AND AsPHALT p A VEMENTS. 

Tractive Resistance. 
Character of Pavements. Pounds per Ton. 

Brick Pavement. 
One course, sand-filled, much worn and broken . ... .. . .. .... .. 58 
On concrete, sand-filled, much worn and rough... . . . . . . . . . . . 43 . 3 
Same as above ...... . ... . .................. . ... . . . . . .... 37 . 6 
On concrete, sand-filled, dirty, \veil worn ....... .. ........... 33. 3 
On concrete, nearly ne\v, cement-filled ................. . .. . . 31. 7 
On sand, sand-filled, condition fair. . . . . . . . . . . . . . . . . . . . . . . . . 29 . I 
New, sand-filled ......................................... 37 . 2 
Old, tar-filled, smoot h, clean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 . 2 
Old, cement-filled, clean, smooth . . . . . . .. . . . . . . . . . . . . . . . . . . . 25 . 4 
Olean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Dirty ............. . ............. . ............. . . . ... .. . 19 

A sphalt Pavement. 
New, quite dirty .......... . .... . ... . ....... .. ... .. .... . . 
New, clean, smooth ................... . .... . . .. . . . . ... . . . 
New, clean, smooth .............................. . ...... . 
Old, clean , much used ......... . ......... . .... ... ........ . 
New, clean, little used ................................... . 
Old, dirty, little used ......... . ......................... . 
Old, clean, very lit tle used, pitted ........................ . 
Same as above, but colder ............................... . 
Same as above after period of cold weather, dirty ............ . 
Olean, new, very litt le used .............................. . 
Same as above, but colder ............................... . 
Same as above after period of cold weather, fairly clean . . ... . 
Block asphalt, one year old, much used, worn, clean .. ... . .... . 

26 .7 
24 . 0 
23.3 
29 .1 
24 .2 
39 .9 
67 .8 
36 .5 
34 .4 
55.5 
31. 1 
26 .5 
28 

Olean.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

The above were all made with ordinary draught wagons. 
TRACTION TESTS. The determination of values such as given 

above constitutes what is known as a traction test. Various in­
struments have been used to measure the amount of effort ex­
erted by a horse in hauling a load over a road, with the object of 
learning which pavement permits of the largest load, and hence 
gives the cheapest cost of transportation. 

In road construction, as in every other branch of engineering, 
it should be remembered that the question of cost is important-
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if not the most important-and that good roads arc' represented 
by those over \,hich loads 1nay be transported for tht• }past ex­
penditure. To co111parc the cost of haulagP it thcrcf orr bcco1ncs 
necessary to cleter111inc the effort rxrrted. The• pioneers ancl 
authorities along thi:; linr were 11. iiorin, \Yho cxprrirnc·n tc·tl for 
thr French govcrnn1cnt, ancl ~ir .John )le~ rill in l~ngland. The 
latter's results \,ere publishccl in 18·1~, "·hilc the forn1cr '~ ap-

prarC'cl in l e -13. 
The n1ore rrcrnt rc•sulti:; of the experirnrnts of the l)epartrnent 

of 1\ griculture, 1naclc in 1~95, arc of distinct \'alul'. They \Yere 
rnacle on the roads of the l 1nited ~tatC'R I{oad I◄:xhibit at the 
Cotton States and Intrrnational Expo~ition in .\tlanta, (}a., in 
1895. The \Yagon anll loall \Vere sirnilar to those· in daily use in 
the Southern States to de1nunstrate to the publie the· advantage 
of i111provecl roacls. Thrre' kine\$ of roacls \\'ere uRed, a n1oclern 
macadan1

1 
a sand roacl, ancl an orllinarv dirt roa<l. lhr latter t\\'O 

being types of the 1norr con1mon roach~ in th<· Routh. 
Thr n1acacla1n roacl was 300 ft. long, n1ade up of six 50 ft. 

sectionR, yarying in rise' by •) per cent incren1ent:,;, fro,n a lcYel 
to a grad<' of 10 per cent. The sand an<l the' dirt roads \Vere eac:h 
200 ft. long, cliviclecl into 50 ft. srctionR, varying in a si1nilar 
manner fro1n a level to a grade of 6 per c(•nt. The tests thrrrfore 
show the results not only of roacl :--urface, but grade as " ·ell. 

The n1acacla1n roacl, 12 ft \,·itlc, had a natural clay :--uhgraclr, 
" 'luch \vas ,vell rolled. On top of this 4 ins. of 2 in. blur Trenton 
limestone \Vas placetl , f ollo,vccl hy a course of 2 in. screenings, 
each bring subjected to thr action of a roacl roller. 

The san<l roacl \\'as 12 ft. "-iclc also, consist ing of 6 ins. of 
riYer sancl placrcl on a hrcl of natural e·lay, nPit h<•r the· h1•d nor the 

surfacr being rollrcl. 
The dirt roacl was made of natural curt h. To approxi1nate 

general conditions, it ,vas thoroughly "'cttcd ancl had n hPaYily 
laclen narro,v-tirc<l \Yagon passrd over it to fortn ruts nn<l clc-

. 
press1ons. 

\ 

r 

' 
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To measure the force applied to haul the wagon over these 
roads with varying grades, a simple modification of the spring 
balance was used with a large index finger moving over a gradu­
ated arc to show the pull in pounds and having one end attached 
to the wagon and the other to the team. The record was simply 
by the eye, and showed that even for t he smoothest possible 
macadam the force of traction was not constant, but changed 
continually within a limit of 50 lbs. With dirt roads the force 
varied from zerb to 700 lbs. in a gross load of 3,000 lbs., and 
showed that it was applied in a manner to represent a succession 

FIG. 4. 

of rapid and violent jerks. On heavy, srnooth grades the force 
was more nearly constant, as might be expected; while to 
start the load under any conditions it required about four times 
the force necessary to haul it. 

From t hese preliminary observations the following conclusions 
were drawn: On the smoothest road a team is subject to a jerk­
ing motion which greatly fatigues. This is greatest on a dirt road 
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because the smoother the surface the less the effect of such action. 
It requires about four times the effort on a level dirt road as upon 
a level macadam. Hard roads reduce the tractive force, and sand 
roads increase the pull enormously. 

Supplementing these tests, a tractograph "'as u~cd to deter­
mine and record the force applie<l. Fig. 4 sho"·s it in µosition 
on the shaft of the "·agon. It consists of an arru, placed longi­
tudinally along the pole, hol<ling a pencil point resting on a 
stationary cylinder covered with a sheet of paper. By means of 
the connections sho\vn, the cylinder was rnade to revolve so that 
it con1pleted 1 revolution in a distance of 1,316 ft. The spring 
was standardized against known weights varying by 100 lbs. 
from zero to 1,200, and hence the compression of the spring per 
unit became kno,vn. From these facts it was possible to have a 
sheet of paper cliY-iclecl into spaces corresponding to pulls of 10 
lbs., and into other spaces corresponding to distances of 100 
ft., which n1ade kno"rn the exact amount of pull and the place at 
which it was applied. The con1pression of the spring due to a 
pull on the double-trees caused the pencil point to move forward 
on the cylinder, and thus make the record. The diagrams follow­
ing show the records obtained: Fig. 5, on an asphalt Jtreet; Fig. 
6, on a smooth macadam road in good condition; Fig. 7, on a 
smooth dirt road; ancl Fig. 8, on a macadam road ascending a 
hill of 10 per cent grade. 

The asphalt \Vas not in good condition, being rough and un­
even, as is quite conclusively shown by the irregularity of the 

record. 
The macadarn pavement was in excellent condition. 
The dirt road wa..<, also in good condition ; clry, firm, and 

smooth. It crossccl the n1acaclam pavement in two places, 
and this is shown by the two high points in the curve, being 
due to the fact that the team stopped on either side of the 

pavement. 
Fig. 8 shows the effect of a steep grade upon the tractive 
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F10. 5.-Asphalt Pavement. 
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700 

FIG. 6.- Smooth 1\,lacadam in Good Condition. 
2 
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FrG. 7.-Smooth Dirt Road . 
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FIG. 8.-Macadam Road Ascending a JO Per Cent Grade. 
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force, and under the existing conditions the extremely irregular 
curve is due to the fact that the team required continual urging 
to ascend the hill at all. Com pared to the diagram of the level 

700 

GOO 

iOO 

TOP VIEW. 

BOTTOM VIEW. 

F 10. 9. - Baldwin Dynograph. 

0 

stretch, it indicates that about seven times the force was required 
on the former as upon the latter. 

Under all conditions, the high points of the curves at the start 
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indicate that from fow· to eight times the effort to haul the load 

was required to set it in motion. 
If t he average amount of t ractive force for each road is de­

sired, it may be computed by taking the area bet"·een the zero 
line and the cw·ve and dividing by the distance. From such 
calculations it was found that the sn1ooth asphalt street required 
26 lbs. per ton, the smooth n1acaclan1 roacl 38 lbs. per ton, the 
smooth dirt road 96 l?s. per ton, and on the 10 per cent grade 

136 lbs. per ton. 
A similar instrument for measw·ing the tractive force and re-

cording it automatically is the Baldwin <lynograph, a cut of ,vhich 

is shown. 
This instrument consists essentially of two flat springs with 

ends connected, and centres separated f ron1 each other by the 
small distance sho,vn. One end of the spriI1gs is attached to thr 
wagon and the other encl to the tean1. Any force exerted by the 
team tends to draw the centres of t.he springs together, and this 
contraction is recorded, first by the sn1all pencil point moYing 
over the revol,ring cylinder, which carries a graduated sheet of 
paper, and second by tv,ro index arn1s \vllich sho"' against the 
scale the maximum number of pounds pull, and also an approxi-

mate average. 
Grade Resistance. Asidr fron1 the question of drainage, the 

ideal road should be as nearly leYcl as possible, since under these 
conditions it favors the load neither going or con1ing an<l presents 

less resistance to traction. 
To calculate what this resistance ii:-, let us assun1c in Fig. 

10 that G is the cC'ntrc of gravity of the load; then GA is the 
direction and amount of the "·eight, while 130 represents the force 
pressing against the inclined surface DE. ThC' line EF represents 
the rise per unit of length DF, v\'hich i~ the horizontal. Fron1 the 
two similar triangles ,ve have GA : AB : : DJ<~ : EF; but GA is 
the v.1eight of the load, DE is the length of road, and EF is the 
. 

rise. 
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Representing these by W, l, and r, we have, 

W : AB : : l: r or AB = w; 
but AB is t he resistance due to grade. 

Or we may write the formula 

R = F+aW. 

Where R = force required to draw the load on an incline, 
F=force required to draw the load on the level, 
a = the grade expressed as a fraction 1 

and W = the weight of the load in pounds. 

21 

Regarding the effect of grade, the l\ilassachusetts State High­
way Commission, in its Report for 19011 says: " By far the most 
serious defect in the old town highways is the heavy grades. 

G 

FIG. 10. 

These are not only a tax on the user, but they are a constant and 
burdensome cost to the municipalities having to care for them. 
Taken as a whole1 no one improvement makes a better return for 
the money invested than the cutting down of hills. Whatever is 
clone in this direction is a permanent benefit1 as by carefully 
grading a road throughout its entire length between centres of 
population or business, the possible load is increased, notwith­
standing no particular effort be made to improve the surface.n 

The table below shows the effect of grade on the best macadam 
roads in the variation of the tractive force. 
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Tractive Force 
Rate or Incllnatlon. Pounds per Ton. 

:Level. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
1 in 500 = 0 . 2 of 1 per cent ........... ~ . . . . . . . . . . . . . . 42 
1 in 100 = 1. 0 per cent..... . . . . . . . . . . . . . . . . . . . . . . . . . 58 
1 in 80= 1. 25 per cent ............................. ' . 63 
1 in 60= 1 . 66 per cent.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
1 in 50= 2 . 0 per cent........................... ... 78 
1 in 40 = 2 .5 per cent.............................. 88 
1 in 30= 3.33 per cent .......................... . ... 104 
1 in 25= 4 .0 per cent .............................. 118 
1 in 20= 5.0 per cent .............................. 138 
1 in 15= 6.66 per cent .............................. 171 
1 in 10=10 .0 per cent .............................. 238 

This is graphically represented in the following cut. 

nMI• 
,el 

',d/4 '~ ~H. ';'::::,.,. '/. ·,.., :///.;;" ,;;»//, ·) ' ' ~ ~b///1/,i, ·~ -0. 
~-""-~=~~~~ 

F10. 11.-Effect of Grade on Tractive Force. 

In any case the max:in1un1 grade is that \vhich determines the 
load that may be hauled oYer any section of a road, and hence it 
should always be the object to reduce grade to a minimum. 
Furthern1ore, a horse's effective power for hauling rapidly dimin­
ishes going up inclines, since it is con1pelled to overcome the 
increased resistance of graYity due to its o,vn weight, as well as 
that due to the load itself. I t should be taken into consideration, 
however, that for a short distance a horse is able to exert seyeral 
times its normal tractive pull, an<l it should be remembered also 
that the smoother and harder the surf ace the poorer may be the 
foothold, and consequently the less the power that a horse may 
exert. 

This is quite conclusively demonstrated by the follo'9.7ing table 
taken fron1 Baker, showing the effect of grade and road covering 
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upon the load a horse may draw, the load being in terms of weight 
of horse: 

Grade Sheet Broken Stone 
EARTH ROAD. 

Per Cent. Iron Ralls. Asphalt. Stone. Block. 
Best. Spongy. Muddy. 

0 20.00 10 .00 6 .00 5 .00 3.00 2.00 1.00 
1 6 .00 4.50 3.33 2.00 2.09 1 .50 0.91 
2 3 .20 2.67 2.16 2.00 1.51 1. 14 0 67 
3 2 .00 1.75 1.49 1 40 1. 11 0 .87 0 .54 
4 1.33 1 .20 1 .05 1.00 0 .82 0 .66 0 .43 
5 0.91 0 .83 0 .75 0. 71 0.60 0.50 0 .33 
6 0 .62 0.59 0.52 0.50 0.43 0.36 0 .25 
7 0 4-0 0.38 0 .34 0 .33 0 .29 0 .25 0 . 18 
8 0.24 0 .22 0.21 0 .20 0.18 0.15 0 . 11 
9 0 . 15 0 .10 0 .09 0 .09 0 .08 0 .07 0.05 

10 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 00 

I' 



CHAPTER II 

EARTH ROADS 

Au1osT without exception, and natw·ally so, the highways 
of the United States have had theil· beginning as dirt roa<ls. 
Fortunately, however, such preliminary preparation or con­
struction usually serves very well as a base upon v,hich a better 
surface may be built, though more frequently than not when 
improvements are to be begun it is not only the surface \vhich 
needs them, but the line, grade, and drainage as ,veil. 

The rectification of line and grade necessitate the straighten­
ing of the alignment by the elimination of curves and bends, 
and of cutting down hills and filling in valleys, while the im­
provement in the drainage consists in the application of the 
fundamental principles governing the flow of ,vater. 

To-day most of the roads of this country are in their original 
condition, for dirt roads are the cheapest to construct, material is 
always at hand, the maintenance afforded is apparently inex­
pensive, they require no skilled labor, and usually the economic 
and social conditions will not warrant a greater outlay for supe-
. 

r1or ones. 
Those roads that have been in1provecl are only a small pro­

portion of the whole. In the East, for example, n1ore than fifty 
per cent of the highways are absolutely without in1proven1ent of 
surfacing, while in the more recently settled States of the ,vest 
and Middle V\7 est this figure is greatly exceeded. Thus in Illinois, 
over ninety-seven per cent of the roads are of dirt. These 
facts would seem to indicate the importance of properly building 
and caring for roads of such a character. 

Earth roads are the forerunner of gravel, macada1n, and other 
24 
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improved paven1ents, and remain as they are only so long as they 
successfully satisfy the demands of traffic or until it is appreci­
ated that permanent good roads are much less expensive to build 
and maintain than any other kind. 

Roads of earth as usually constructed possess a great many 
inherent qualities which unfit the1n for satisfactory high,vays. 
Many cases exist where the location of the road has been 1nade 
with but little regard for either grade or distance; but, aside from 
these drawbacks, often the best has not been made of available 
materials or existing conditions. 

Drainage, perhaps the most important factor in the main­
tenance of a road, has more often than not been neglected; or, 
if a realization of its import has been had, quite frequently the 
system adopted has thwarted the object it was intended to ac­
complish. 

Considering three of the more necessary requisites-hard­
ness, smoothness and ability to shed \Yater-it will be seen that 
in all three of these, roads of dirt are lacking, and as a conse­
quence, being easily broken up by heavy loads or narrow tires, 
an<l always in a condition to absorb moistw·e that n1ay fall upon 
them, they are dusty in summer and muddy iu ,vet v\7eather. 
Both of these conditions greatly increase the tractive force, as 
the previous chapter shows while the presence of depressions 
and irregularities in the surface permits water to collect, 
only to disappear through evaporation or by sinking into the 
subgrade ,vhich it is one of the functions of the covering to pre­
vent. Fw·thermore, because they are so retentive of moisture, 
at the breaking up of cold weather when the frost is leaving the 
ground earth roads are seriously affected, with the consequent 
tax upon traffic. If the drainage system is properly planned 
neither the muddy state after rain or snow nor the broken-up 
condition so noticeable in spring resulting from the frost coulcl 
occur. 

,,Then a dirt road is kept in good order, \Vhich can only be 



26 HIGH'\li'AY ENGINEERING 

secured through constant supervision, during the greater part of 
the yem- it will serve quite satisfactorily for the sort of traffic it is 
intended to carry, i.e., light traffic, but even so it should be re­
men1berecl that the tractive force expended on such a road is 
double that required under similar circumstances on a graYel 
pavement and fow· times that on a macadam. 

Generally speaking, little technical skill is used in the design 
and construction of dirt roads, while frequently they arc forn1ed 
sirnply by a furro~· being ploughed on each side of the centre 
line to provide side ditches, \Yith the material so excavated 
thrown into the middle of the roadway for the purposa of giving 
cro,vn and securing surface drainage, the traffic being supposed 
to consolidate it. This n1ay be supplen1entecl by a road machine 
to shape the wagon,vay and side ditches, with grading and rolling 
to follow, or, where the niaterial is stony, by pick and shovel, as 
it is impossible to use the 1nachinc v,ith such n1aterial. 

Sometimes the entire roadway is ploughed and then shaped 
with the road scraper or road machine, but as this leaves the 
material soft and yielding, traffic immediately produces ruts in 
which water settles, n1aking the surface muddy, and sinking 
into the subgracle. 

The compacted soil wherever possible should remain unclis­
turbed, either in construction or repairs as it is already hard and 
firm, and will niake a better roadbed and absorb less rnoisture 
than ,vhen it has been loosened. ,Vhen, however, the surface is 
uneven and worn, a plough may often be used to a<lvantage to 
take off the irregularities. The n1aterial so ren1ovecl should 
be ,vaRtecl, however, so that it may not again reach the road or 
side ditches as it has lost its binding properties. Fresh loan1, 
free from vegetable n1attcr, should be substitute<l in its stead to 
bring the road to the proper cross-section. Loan1 is by far the 
best material for making such repairs, as it binds ~·ell, and is 
neither too retentive of moisture, as is clay on the one hand, nor 
does it permit \>\'ater to soak through, as does sand on the other. 
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Tt i n•·Pdlt'\ .. ._ I 11. ay t lia1 :-IJ<·h enn:-tructinn n, indic·nt<•d nhov<' 
fn•q111·t1tly fail, uf it:- plll'jlc,:-1•. Fo1· ::-ati,facl(lr\' rc·~ult~ I he· \\'Par­
ing s11rfa1·1• 11f :1 rnud 11111"'1 IH· ill 1·fT1•('t n roof; that i::-, the ::-c·c·tinn 
in t l1f' 111iddl(• 11111~1 l 11· ti,,, high,•;.;t part and t 111• I rnv.-ll<'d ron1h\'ay 

Lh11u ld 111· n1:idf•. 1,y t'nllsolidntio11, a~ i111pt•r, ious to \\'Hlc•r ns 

pu sil,111
, ~1• that th1· rai11 or 1111,Jling ::;110,v \\ill llo\\· fr{1C'l:v ancl 

qui,·kl_v i11l11 I h,• gut I 1·r:-: alu11~:-id<'. 
Pr11h1ilily tla· lH•::-t .:-hnp,· f1,r th1• 1-rn;...s-::-1·rlinn of an earth rond 

i. lUt an· of H <'ir1•l1· \\"it Ii H ~rud11al fall fr11111 t !1<· l'Plll n· to l h<' ~idt•-: 
of about on,· in 1,r1111ty. nft<•r th1• :-:urfn1·1· h:1..; lH'l'H tli<1r11ughly 
rolh·d 11r 1·( 111puet,·d liy lrnlli1·. ~ur-h a :-.t1rfa1·c· rnn ht· con::;(ructPd 
nrul r1·111tif'1•d \\ it Ii :1 rn:td llt!ll'hi111•. nnd a rollPr c·:u1 lH· u:::t·d upon 
ii t<.• goo, I 111 I \'all I :igP. \\'lu•n 11i .. .:-urf~H'(' i:- uol k('pt :-111001 h un, l 
1·0111i,111·1 t h1• tr,i\\ 11 • lt,,uld IH' a lit tl,· stPr'JH·r t hnn I in ~o. hut 
shnt1ld ll1ll'll1,dh· Ill"\'('!" l':'\l"l'l,d I in 10. 1 r the· ('J'()\\'ll is tn11 !.!;J"('l\l 

~ ~ 

the trnfl,r· "·ill f11ll11,\· the llliddl1· nf I he• l'Ond. \\'hir·h n·:-:ttlt:-- i11 

1·111 n11d l'idg1':-. t hnl n•I :1rd t hl' prorupl ~ht·dding nf I he ,vat Pr i11t11 
lht'~id1· ditclt1•:-. '1'11111111 11·!1 <Tn\\'fl ;~ :t:-- d1·1ri111<•11lnl n, too litll<'. 

In th1· P1111~trttf'ti1111 of n1•\\' r11a1l,, nil ,·,•gt'tablt• 111atll'r. sod, 
n1vt~ .. t111nr 1~. 1111·k,, t'lt• .• --lH1llld fir..,, l>1· l'l'lllfl\'('d front till' rund­
\\'llY, brnd i ng foll11,\'i ll!:,! l Ii j..,. an, I l'olli ng ,,·i 1 h spri ll k linµ: fort 111· pur­
l o c of 1·u11srilidn t i1111 tin i,hi11g u1, l 111· pr111·1•,-,. ~l'h(• Ii 111• :-h1 ,ulrl ht• 
o ean·fully pl11n11f'(l l hn1 11 1naxi1rn1111 grad1• of ah11ut fiy1• per c·1·11t 

11,•pd Ul'\'l'I' 111' PX<'f'Pd1•d, 1•x1·1·p1 i11 n1ou11tniHoll" dibtl'i<'l'- \\'ht•n• 

tl11• top1,gr11phy i, pnrtif'ulnrly ditli,·11lt ol' rnggc•d. 'l'hc \\'tdth 11f 
\\'lh rlwny 1nny ,·ury irfltll l \\'1•h•" lo f11rty fr'l'I. , l1'p •ndi11g up1111 
th(' u111ulllll oi 1rullic thal i:--: to 1nake 11-.f• 11f th1• 1horougltfnrP. 

Drainage. l >irt r, n,I .... :ir,•, naturally, IIL>l Pllt', \\'hPrP n ~rent 
drnl of 111111,·y 1ntty bt? nr u--lu1lly i~ 1·xpL111ded. Pit hPr i11 th,·ir ('l•ll-
8tructio11 or1nni11b·nu11cPn11d rr1uir: l,ut it j .... ,l fitct tltal of thP 

influr11ers l "ndin~ lti 1nak1• 11ch roar!::- fit i0r t ralllc or nh,olutrly 
ianpn.snhlt'. nnd llH•rr,forC' \\·l11'r<' 111onry 1nny Ju-. u,ed t(I grr·ntf':--l 
ndYnnlf~<'. drnina"P j ... hy fnr of n,o,t ('C1n,~, 111Pnc". 'fhi, i:- fre­
quPnt ly refrrrPd t h_v the re111nrk lhat Lht' threl' 1no,t i1npor1n11t 
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factors in road building and maintenance are: 1st, Drainage; 
2d, Drainage; and 3d} J\t[ ore Drainage; an<l is recognized by the 
fact that even in the most prin1itive roads ditches at the sides 
are generally provided to drain the suhgracle and afford a ,vater­
"·ay for that which, falling on the surface, is directed to,vard 
then1 by the transverse slope. 

Drainage may be accomplished in three ways: 1st, Surface 
drainage; 2d, Sub-surf ace drainage; and 3d, Drainage through 

side ditches. 
SURFACE DRAINAGE has for its object the directing of any 

,Yater falling upon the road covering toward the sides as quickly 
as possible, so that none may be allo"'ecl to collect on the sw·face, 
there to form pools, produce mud, and gradually sink through to 
the subgrade, unless it be evaporated by sun and "'incl; and it is 
accomplished by crowning the road ancl keeping the surface firm, 
hard, and smooth, so that the water ,vill easily and quickly run off. 

By crowning is meant the elevation of the centre of the road­
way above the sides: the smoother the surface the less this 
need be. vVherc ruts and holrs exist, proper sw·f ace drainage 
is impossible, except with excessively high cro"'ns. This forces 
the vehicles to the centre, there to produce n1ore rutR and hollo"'S 
by tracking, and creates such steep shoulders that it becomes not 
only difficult, but even dangerous, for wagons to turn out on thcn1. 

The transverse grade depends upon the longitudinal slope of 
the road and the material of " 'hich the road is constructed. 
Consequently, as earth has a son1ewhat high friction factor con1-
pared with that of other surfacings, an(l is easily cut up, it 
will require a much greater cro"rn for a dirt road than one of a 

smoother and harder nature. 
For purposes of drainage absolutely flat roads, i.e., longitudi-

nally, are to be discouraged, though theoretically they are n1ost 
desirous, as all sw·face drainage "·oukl then haYe to be accom­
plished by means of the cro"rr1 alone. On the other hand, the 
longitudinal grade should never be so great as to allow the ,vatcr 
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to flow in a torrent along the middle of the roadway and wash out 
gullies; or, if the grade is excessive, the trans,rerse slope should 
be proportionally increased, within the limits mentioned, to 
counteract this tendency and cause the water to move diagonally 
across the road tov\1ard the gutters. 

vVhere longitudinal grade exists it is customary to con­
struct shoulders, called " thank you mams," water breaks, or 

Incorrect 
False shoulder 
and ditch. 

Correct 

F1G. 12.-This road will be soft in spring season and will be only tem­
porarily repaired by being worked in the shape shown on left side of drawing. 

C 

f t,, \ 
----------... ............ 

FIG. 13.-This road will rut at all points ,vhere teams pass each other or 
whenever they get out near the points A, A. C is correct height above ditch. 
A, A are too low to hold; dotted line shows proper shape. 

breakers, at intervals along the road, to divert any water flo"i.ng 
dov\'ll the centre to the ditches at the sides. These breakers are 
usually in the form of a shoulder of earth, or stone or logs cov­
ered "i.th earth, set diagonally across the road, or else shaped like 
an obtuse angle with the apex in the centre pointing up-hill. 
Though ~ecessary, to a degree, they increase the grade and there­
fore the tractive force, and on this account are objectionable; 
but it is also true that on steep inclines they afford a resting­
place for horses in the ascent. 1\'here they join the side ditches 
it should not be at too abrupt an angle, as they then ten<l to 
produce scouring of the gutter banks, but they must be n1ade to 
approach them somewhat gradually. 
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In depressions also, surface catch ,Yaters arc necessary to 
carry to the side ditches that which may haYe flo,vrd dovt'n the 
centre of the road to the low spot. Thesr differ fro1n the others 
in that they are shallo\\1 trenches (to fH'<'Yent jolting}, crossing 
the road at right angles to its axis, ancl ha,·ing the botton1 paved 
";th gravel, cobble, or field stone. 

,,11cn a roacl exists on a side hill it i~ son1rtin1e:-; suggested 
that instead of the centre being cro"·ned, the surface he 1nad<> to 
8lopc to"·arcl the inner bank, so that all the \Yater n1ay flo"' in 
the tlitch there, instead of being allo"·e(l to run over the face of 
the en1bankn1ent. This is questionable practice, except on 
sharp curves, as n1ore " 'ater is on the road, ancl for a longerperiod 
than ,Yhcn the slope is fron1 the centrr to"·ard the :-:ides. To 
protcet such ~ide-hill roads fro1n the drainage fron1 ahoYe, auxili­
ary tlitchcs should be placed higher up the hill to intercept ,Yater 
flo,ving to,varcl then1. 

As is easily recognized, unless a dirt roacl rccci,·e constant 
attention to preserve the f orn1 of the transyerse section, the 
drainage n1ust tlepcnd upon the longitudinal grade rather than 
upon the transyerse slope, for as thr n1aterial is :-:oft thr cro\Yn is 
soon destroyed by traffic. To correct this tendency, thereforr, 
all <lepre:-;sions should be in1n1ecliately filled with good fresh earth, 
while the surf ace should be constantly s111oothed or rounded off 
to the required cross-section. 

For thi::, purpose a harrow n1ay be adyantageou:-:ly used ~'hen 
the frost is coming out of the ground or "'hen the roads arr thick 
with n1ucl, as it not only evens off the rough places, but cuts up 
the road sufficiently to n1ake it dry out quickly and yet not in1-
prcle the traffic. A railroacl rail is used in a si1nilar ""ay in the 
spring to drag over the roa<l for the purpose of cutting off high 
spots aucl filling in lo"' ones. This should be fron1 14 to 16 ft. 
long and so arranged as to lie diagonally across the road\Yay " 'hen 
being hauled by a tea1n. The edge acts as the eutter. 

A light scraper, formed of a piece of 6 ins. hy 12 ins. ti1nber, 
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6 or 7 ft. long, and faced with steel may be quite effectively used 
in the same way. 

THE ROAD DRAG, forms of which are shown in the cuts, 
gives most excellent results also and man miles of dirt road 

FrG. 14.-Railroad Rail Drag. 

may be kept in first-class repair by its systematic and intelligent 
use. "The objects to be attained by this method of road 
maintenance are to sn1ooth the surface of the road when it is soft 

F1G. 15.-0ak Plank Drag. 

and muddy, and at the same time to move a small amount of 
moist earth to the centre, thereby maintaining the crown of the 
road. The drag is not the implement to use to move large quan-

I 

• 
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tities of earth, nor docs the n1aintenancc of an earth road require 
the use of such an i1nplen1ent.'' 

Rolling, next to drainage, " 'ill keep a dirt road in better con­
dition than anything else, though the expense connrctell \\1.th it 
n1ay be large. ~.\_ hcaYy road roller "·ill 1naintain a hard cYen 
surface and prcserYe thr cross-section intact, thus in8uring good 
surface drainage an<l protecting the subgraclc as "'ell. 

For this purpose one of 10 to 12 tons \\i.th a prc~sure of about 
500 lbs. per lineal inch of roller ,vhccls 1nay be used to excellent 
acl,·antage. 8uch rolling "·ill discoYer the "'eak spots, "'hich 

\ 
\ ~-------is or O feet--------►, 

\ \ 

\ 

F1a. 16.-Split Log Drag. 

shouhl bci1nn1rcliatcly filled with nc,v n1ntcrial that binds readily, 
ancl if c1nployccl in the fall as the roads freeze, "·ill keep then1 in 
goocl conllition nearly the "'hole of the "'inter. In the spring 
also, "'hen the frost is coining out of t,he ground, it "i.11 be founll 
that a roacl roller n1uy render excellent service to keep the roads 

in a passable condition. 
Subsurface Drainage n1cans the draining of the soil, directly 

beneath the coyering, of that ,Yater " 'hich n1ay ha,·e gotten into 
it either by percolation fron1 aho,·C' or fro1n the Rubsoil belo"·· 
Th.is is the best 1nethod of caring for a roacl, as it drains thr soil 
of the ground "·ater and keeps it continually dry, precluding 
n1ucl and preventing frost action. A road built upon a ,Yet and 
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F1G. 17.-1\lfethod of Constructing Drain in Clay or Other \\"et Soil. 
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undrained base will be expensive to maintain if it is not alto­
gether destroyed by the action of water and frost. I f dirt roads 
satisfied the condition of having an impervious surface, no 
water could come from above, and the underdrains would simply 
perforn1 t.he function of caring for the ground water, but as they 
do not, sorne provision should be made for this condition. Ground 
water is, of course, the very much more in1portant factor, and 
particularly in excavation, where it tends to flow toward the road. 
In e1nbankment, on the other hand, the water tends to flow 
a\Yay from the road. 

I t sclclorn happens that dirt roads neecl be continuously 
unclerdrainecl ~~ith tile or some other form of drain, for any dis­
tance, but it frequently does occur that at some particular point 
it is necessary to collect the water in the bed of the road, or to 
carry it from one side to the other by this means. 

Under such circun1stances the method allopted depends in a 
measure upon the nature of the soil. A sanely one is easily 
drained, as it does not readily hold water, the crown and side 
ditches being all that are required for the purpose, but \Yith 
clayey material the contrary is the case, as it is very retenti,,e of 
moisture. 

Porous tile cll'ains, made of burnt clay, seen1 to collect and 
dispose of the water most satisfactorily, as they nrither becorne 
choked nor require much grade. Such tiles arc n1acle in various 
forn1s and sizes, but those of circular croB8-section, five or n1ore 
inches in diameter, arc to be preferred. 

The drains may be located in a number of "''ays along the 
road, as, for example, a single line beneath the centre of the road­
bed; a single line under one of the side clitches; two lines, one 
beneath each of the side ditches; or by laying the drains herring­
bone fashion along the middle of the road with the apexes point­
ing up-hill, fifteen to thirty feet centre to centre, and the branches 
falling away to the side clitchcs into which they discharge the 
ground water. 
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In any case thry shoul<l he at a clrpth of t,vo or three fcc't to 
keep the subgra<le well drained ancl preYcnt the pressure of hraYy 

loads from brraking the1n. 
To prevent sn1all anin1als fro1n entering thl' drains and 

choking thrn1 up, the outlets should be protcr·tP1l ,,·ith ,vire 
netting placrd oyer the 1nouth, a11<l to prPclude the possibility 
of the ,vatcr cro<ling thr banks. the encl~. projc,cting son1c cli~­
tance beyon<l, should be ~rt in son1e sort of niasnnry. 

The n1rthocl of laying the tile "·ith ~tone directly aboYe anrl 
the earth on this is sho,vn in the cut. The ends of each length 
should be in C'losc contact ,vith the t,vo adjoining onr,.<-. ~o 
collars arc necessary, to prrYcnt silt fro1n c·ntc•ring at the joint~. 

The size of such <lrains dcpc1uls on the pstin1atPd a111ount of 
,vatrr to br carried off, ancl the grade, hut ~hnul,l ncYPr he ~1ual1Pr 
than 4 or 5 ins. A gra1le of 1 in 60, or 1 in. in.~ ft ... \\·ill be found 
sufficient to care for th<' ,va.tcr, though a:-; lcnY as 1 in. per 100 ft. 
has been used successfully in flat rountric's. \\1u•rc the grouncl 
is exceptionally level, grade 111ay b<' grc·uretl by placing the upper 
en<l of the pipe linr at a less clistanC'C belo,v thP ~urf ace than 

the other encl. 
The follo\ving tablr sho,v~ the ~iz<' of pip<' rc•quirC'd, ,·:ith a 

given grade, to discharge a giYen quantity of "·ater. 

~IZES 01'' DRAJ'l;-PIPR REQUIRED 1·0R C'LLYERTS l~ PROPORTION 

TO ( 1 .\PACITl A'-D FALL. 

IUdll'S. 
3-llll'h t·au \lef llXI Fl. 6-lnl·h Fall pt'r H.Xl Ft. fl. Incb Full J>t•r IIK1 Ft. 

Gnllon-1 per Minute. (inllotis p.•r ;\llnull•. uallon'I per Minute. 

-
Ci 129 IS3 '..?21 

8 •)6- :l,5 ,l(10 - ,) 

9 35:; .,03 617 

10 46:J <>55 o:i 

12 7:30 1,0R3 1 ·)- '{ -- 't 
15 1.282 l .~18 :! ,:!'.? 4 

18 •) Q?•) 2.860 ;3 .• 50R 
-t --

24 -t 1 -•) 5 ,Ril - ·>o·> 
• ,>- I·• -



F 10. 18.-Detail of Drain. 
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\\There water is to be carried beneath the roadway from one 
side to the other, clay or tile drains may be used if the quantity 
is Hmall, but where the amount is large a culvert may have to 
be built. 

A culvert is an opening for the above purpose, constructed of 
dry or \Yet masonry, or concrete, with vertical sides and flat or 
arched roof. 

They should be protected at the ends where they emerge 
from the cn1bankment in the same manner as are drains, only 
to a greater degree, by wing walls and an apron of masonry 
to prevent <'rosion, and for this reason it is better to have a stone 
f ounclation than one of <'arth. 

Side Ditches. For a satisfactory and cheap method of road 
drainage there is none better than that afforded by the side 
ditches, and n1ost frequently this is the only effective one em­
ployed to any extent, or the only one found necessary. These 
ditches are placed on both sides of the roadway wherever pos­
sible, not only to carr3r off the water falling on the surface and 
draining into them, but also to intercept that which may flow 
fron1 neighboring land to,var<l the highway, and, furthermore, 
perform the function, when deep enough, of draining the sub­
grade and keeping it continually dry. 

\\TJ.1ere open ditches may not be conveniently used at the 
sides, other8, as shown by the cuts, are employed to perforn1 a 
sin1ilar function. 

All ditches should be of such a cross-section that a scraper or 
road n1achine n1ay be easily use<l in their formation and main­
tenance, as ,vhen so constructed they are easier and cheaper to 
keep in repair. The following figures show the sections of a 

,1 shallo", and of a deep side ditch where this condition obtains. 
The shallow ditch is, all things considered, much the more pref­
erable, not only because, from the standpoint of cost of con­
struction and maintenance and repair, it is cheaper, but it also 
affords an easy and safe place to turn out when tean1s are crowdE>d 
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to the side; it shoulcl be rcmen1berc<l, on the other hand, how­
ever, that the deeper a ditch is the better the subgrade "·ill be 
drained. 8ide clitches should be kept as free as po~Rible fron1 for­
eign n1atter

1 
such as brush, sticks, ston0s, v.·ecds, etc., 1-ince its 

presence prevents the spcctly di:=-eharge of the water gathered 
there. This latter can only be Rerurctl by a gra< le sufficient to 
carry off the water and any suspendctl rnattcr it nu1y contain, 
) 'Ct not so great as to cause the v.·a:--hing a,Yay of the :--idt' banks. 

It is needless to say that side ditches shouhl nevC'r so far fail 
in their f u11ction as to pcr1uit ,YatC'r to stand in thC'm for any 
length of tin1e

1 
for this si1nply keeps thr subgrade soft an<l moist, 

and it should be rectifi ed by rithcr a change of grade or the 
cleaning out of the ditch and its outh•t. The transporting pov.·cr 
of \Yater is quite considerable, velocitic-3 of thirty f rct per n1in­
ute being able to moYe fine clay, \Yhilr double that yclocity 
or sixty f cct per n1inute \\'ill n1ove gravel. 

On steep grades it is \Yell to haYe the llitches so far ren1oved 
fron1 the roa(l that a strip of brush or s1nall trees n1ay be grov."Il 
bet~veen them to afford protection to the side slopr next the road, 
by the roots, and thus prevent the scouring action of the v.·ater 
"rith the ultimate destruction of the road. ~luch 1nore fre­
quently, ho\Yevcr, the san1c effect is accon1plishccl by sodding 
the side slopes or laying field stone in the gutters. Slopes of 1 in 
150 to 1 in 125 give very satisfactory results for this sort of drain­
age, but often these values n1ust necessarily b<' greatly exceeded 
because of the grade in the road itself. ,,.,.here such is the case, 
the erosion in the ditch n1ay then be quite consiclcrable unless 
some provision as notrcl aboYe is rnadc' to countrract it. The 
tendency under these circun1stanccs ,vill be for the ,vatrr to cut 
away the material on the longitudinal seetion 1niclway he­
tween the bottom and the top of the hill. ,vith the result 
that the grade is greatly increased at a point "·hrre, if any­
thing, it should be diminished, i.e., at the top of the hill, for 
it is here that the horsr is most fatigued, and ,vhere. if a change 
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is to be made at all, it should be toward diminishing the tractive 
force rather than increasing it so t hat the least effort will be re­
quired. 

Crown. The transverse contour may be in the form of a 
gentle curve with the highest point at the centre, or of two planes 
intersecting at the middle of the road. Where the curve is used, 
either circular or parabolic may be t aken, but in dirt roads t his 
makes little difference as such small discrepancies are impossible 
t o preserve in so soft a material. 

The following figures 19, 20 and 21, show the variation in 
crown for different materials. 

~, - ---Widtb-between·dltches,-----­

J ..------'Width-of-sdrivewav-----'>' 
I • _ ~---.;. ___________ Crown 1 to 1 foot 

: I « .•• ·c a 

F 10. 19.-Gravelly Loam or Ordinary Soil. 

F 10. 20.-Sandy Loam. 

For cl&y ro&da deep ~rp,_;#Jl,~~Oijro~wn~l~,,/~to~J~f~oo~t -~~~ wide ditchoe ~ .- -

Fro. 21.-Clay Road. 

\Vith sn1ooth, hard pavements, where t he friction is small and 
which do not yield to the action of traffic, the inclination may be 
n1ade correspondingly small ; but in dirt roads, where both of 
these conditions are quickly destroyed, the maximum must be 
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applied; crown, however, should be given in moderation, for too 
tnuch of it concentrates the traffic in the centre, causing ruts 
" 1hich hold water, and hence the surface is not so dry as ,vith a 

flatter contour. 
For satisfactory sw·face clrainage and yet not too excessive 

crown, a rise of -lo, the half width of whcelway, is recommended 
for dirt roads. Frequently the following rule is given for 
crowning country roads-at ¼ the distance from the centre give 
t of the total rise, and at ! the distance j of the total rise. 

Width. The right of way, " ·hich means the space between 
fence lines, varies in the United States from 40 to 100 feet. In 
dirt roads it is al\Yays well to appropriate as much of this as is 

F1G. 22. - Too Wide for the Traffic. Dotted Line Shows Proper Shape. 

consistent for the ,vhecl\\'ay, not only to prevent the effect of 
traffic f ollo"ring; the same line, but to <leriYe also the ad­
vantage of the effects of sun and ,vind which, next to drain­
age, are the most important factors in keeping the roadway in a 
dry condition. Particularly in wet \\'eather are vtide roads ad­
Yantageous, as they permit a choice of route. On the other hand, 
while every road should be \\ide enough to accommodate the 
traffic it is intended to carry, it should be noted that any increase 
in the width means an increase in the cost of construction and in 
the item of maintenance and repair. 

Very frequrntly in sn1all to"rns \vhcre dirt roads are exten­
sively used the "rid th of wheel"'ay, forty to forty-fiye feet, is far 
greater than the demands of the traffic require or is desirable from 
an economical standpoint. A much better arrange1nent is a 
narrower ,vheelway ,vi.th the rest of the space devoted to grass 
plots, whereby the cost of repairs is reduced and the appearance 

of the street improved. 
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On purely rural highways, where the traffic is light, the width 
of travelled "'ay Virill be about eight feet as a minimum, but these 
are always provided "ith shoulders that make it possible for the 
teams to turn out in passing each other. 

Side Slopes. The slope of the banks to both the ditches and 
the sides of the roadbed, either in excavation or in embankment, 
depends primarily upon the natw·e of the n1aterial. '\Vhere this 
is firm and "ill stand, as small a slope as that represented by a 
Yertical rise of 4 ft. in 1 ft. horizontal may be sufficient; but 
where it is soft or yielding, a slope of 1 ft. vertical to 4 ft. horizon­
tal n1ay be required. In the latter case the longitudinal grade al­
so will have to be sn1all to prevent the transportation of material, 
unless some method of protecting the ditches is adopted. 

The most comn1on slope is 1 on 1 ½, or a rise of 1 ft. in a dis­
tance of 1 ½ ft., since at that angle most earth embankment \\'ill 
stand. The folioViring values are those most generally used 

with other materials. 

Loose earth, loam, and gravel . . . . . . . . . . . . . . . . . . . . . . l ½ to 1 
Sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 to 1 
Soft greasy clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 to 1 
Rock......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . { to 1 

It is always better to have the side slopes as gentle as possible, 
as the broader the ditch the less likelihood there is of the material 
slipping when water-soaked, in which condition it is leas" stable. 

The tern1 earth\York is applied to all operations of embank­
ment or excavation, which include rock or earth, in the prepara­
tion of the roadbed. The excavation should always be in such 
amount, within economic limits of haul, as to equal the embank­
ment, for, where this does not obtain, material in the one case 
must be borrowed fron1 off the right of way to satisfy the" fill," 
while in the other it becomes necessary to Vi·aste the excess of 
"cut." In the former case the material is taken from a borrO\\' 
pit, while in the latter the place Vi'here it is Vi,asted is called a 
spoil bank. In balancing "cut" and" fill" it is very necessary to 
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remember that different materials occupy greater or 1ess space 
after excavation than before; thus the amount of shrinkage after 
<lisplacen1ent is sho\\'11 by the figures belo\v. 

Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 per cent 
Gravel and sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 per cent 
Clay and clay earths.... . . . . . . . . . . . . . . . . . . . . . . . 10 per cent 
Loa1n and light ~andy earths. . . . . . . . . . . . . . . . . . . . 12 p .. r cent 
Loose vegetable soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 per cent 
Puddled clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 per cent 

On the other hand, rock increases in bulk by about fifty 
per cent. As an exan1ple, and to show the in1portance of con­
sidering this change, \Ye 1nay quote fron1 the ~Iassachusetts 
High,Yay Comn1ission's Report. Owing to the depth of fill in an 
en1bankn1ent ancl the character of the ground, it "·as dee1ned in­
advisable to place the surfacing of broken stone, curbings, paved 
gutters, etc., until a year had elapsed, "to give the embankment 
time to settle, thus saving the loss of costly material and the ex­
pense of repairs.'' 

Maintenance and Repair. A typical country road is usually 
1naintained and kept in repair by the aid of labor which is 
ignorant of the fundamental principles underlying snch work, 
or careless of the results. Furthern1ore, the undertaking is 
indulged in perhaps once or t\\rice a year, and the havoc created 
then is supposed to keep the road in good condition the rest of the 
t ime. This method is absolutely at variance \\rith the needs, for 
a dirt road is one that is readily broken up, and it is only by con­
stant and careful attention that it n1ay be prescrYed in a highly 
satisfactory state. Under all circumstances, for good results, the 
systen1 of continuous repairs, as adopted by one of thr Ne"' Eng­
land States, should be employed. This approaches n1orc or less 
closely that employed in France, where a laborer is put in charge 
of a piece of road adjacent to his dvvrlling, and for ",hjeh he is en­
tirely responsible. Applied to dirt roads, it would n1can the daily 
or periodic inspection of the section in question, the rcn1oval of 
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all stones, etc., from the highway, the filling up of ruts, depres­
sions, and holes, the careful attention to the surface, crown, etc., 
the removal of brush, weeds, sod, sticks, and stones from side 
ditches, the cleaning out of the san1e, and of all drains or culverts 
to permit the free flow of water, together with the removal of 
snow in winter, and perhaps the application of oil in summer to 
prevent dust. 

One of the worst feattu·es in present-clay practice of road 
1naintenance is that through ignorance, instead of removing a 
thin surface layer of material that is valueless as a road metal, 
having lost all its binding properties, there is added to this more 
of the same character from the side ditches. The consequence 
is that this is soon reconverted into dust or mud and quickly 
deposited again in the side ditches from which it came, with the 
loss of the crown and the filling up of the ditch as the resultant 
twofold disadvantage. Any material that is lacking in binding 
power should be removed from the roadway to such a distance 
that there is no possibility of its getting back there again. 

• ► 
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CIIAPTER III 

GRA \'EL ROADS 

GRAVEL roads seem to occupy an intermediate place between 
those of earth and broken stone, in the tractive force required, 
character of surfacing, and cost of construction. 

On a ,vell-tnade gravel road a horse is able to pull just twice 
the load he is capable of hauling on a dirt road, ,vhilc this is only 
about one-half of \\•hat n,ay be dra,vn on a macadam pavement. 
Gravel ,veil applied ,nakes a sw·face far superior to dirt, yet not 
possessing the ,vcaring qualities of broken stone, and for th.is 
reason sueh roads are n1ost frequently built under conditions 
,vhere a covering other than earth is required, "·here the loads and 
traffic arc light, and ,vhcre the cost of broken stone is prohibitive. 
That is to say, gravel roads are best suited to country highways 

and park drives. 
,,rhen stone roads arc either i1npossible or ii11practicable, 

either herause of the lack of suitable 1naterial in the vicinity, 
the excessive cost of the stonr1 or because of some other rrason, 
gravel, if properly laid, ,viii 1nakc a very superior substitute. 

The gravel selected for road-building purposes ,viii generally 
be that most conveniently locatrcl, thereby introducing the 
po~silJility of great variety, for ,vith long hauls, i.e., in excess of 
a n1ile and one-half, the itcn1 of tranf-portation so increases the 
cost of construction as to n1ake brokrn stone desirable. 

Gravel conRists of an a~rcgation of small i-.toncs, n1ore or lrss 
,vorn and rounded by glacial or ,vatrr action , and varying in size 
fro1n that of a pea to pebbles t"'o or n1ore inchrs in diamrtrr, and 
usually associated with son1e other and finer n1aterial that acts 
as a binder to hold the stones together. To he a serviceable and 

46 



GRAVEL ROADS 47 

satisfactory road metal, it should possess the following character­
istics. 

The pebbles themselves must be hard to resist the abrasive 
action of horses' hoofs and wagon wheels, and tough to with­
stand the blows of the horses' feet. The tougher and harder the 
stones, therefore, the longer ~rill they resist this action. Besides 
possessing these qualities, however, the pebbles should be sharp 
and angular, since "rith sides worn sn1ooth they freely move one 
upon the other and thus lack the characteristic n1echanical bond 
possessed by broken stone. 

Between pebbles and binder there should be such a relation 
that all the voids in the stones are completely filled, and in a 
manner to give the maximum cementing effect. If this disposi­
tion of material or ratio is exceeded, the binder must necessarily 
take some of the \Year, a function which it is not supposed to 
perform and to which it is absolutely unsuited, while if not 
n1aintained, the bond will be ,veak and fail to hold the stones 
together. 

Finally, the binder itself must possess to a marked degree the 
property of cementing the stones together, as otherwise the 
smooth pebbles move under traffic, similar to a mass of loose 
stone, and there is littl0 stability in the pavement. 

The binder may consist of loam, clay, iron oxide, silica, lin1e­
stone, or one of a nun1bcr of other materials, but that most gen­
erally found mixed ,vith the stoue is clay. Where the climatic 
conditions are favorable, this forms a very satisfactory bond, but 
with excessive rains or continued dry spells the cementing prop­
erties are quickly lost. In hot, dry weather the lack of n1oisture 
and the heat cause the clay to crack, leaving the pebbles as so 
many loose stones on the surf ace, while in wet weather the rain 
turns the clay to 1nucl in which the stones soon disappear under 
the pressure of the wheels. 

" Probably the best loam binder is one in which the clayey 
cement is very tenacious, and in such quantity that the gravel 
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will stick to the shoYel enough to bother the \vorkn1en in handling 
it.'' If such a gravel possesses fron1 three to ten per cent of 
chert* as ,vell, the binding power "'ill be further augn1entetl, as 
the latter is easily crushed and possesses superior cen1enting 

qualities. 
The mechanical bond spoken of aboye as existing in n1aterial 

coin posed of angular fragments, is an important factor in the con­
solidation of either gravel or broken-stone roads, the reason being 
that the irregularities and corners adjust then1selves to eacl1 other 
in such a manner as to become "·edged or locked together. For 
a s01ne,vhat sin1ilar result, in using gravel, the size should vary 
betn·een a.bout ! in. antl 3 ins. so that the sn1al1er particles n1ay 
fit into the interstices forn1cd by the larger. iraterial s1naller 
than ½ in. is too easily crushed in the paven1ent to bC' of n1uch 
service, and larger than 3 ins. tends to n1ake the road rough. 

Gravel "rill be found to vary quite considerably, both in 
regard to the character of the stone and the quality and quantity 
of the binder present. River and seaside gravel are hardly e-ver 
so good as that fron1 pits because the sn1ootlu1css of the stones 
pcr1nits then1 to turn under pre8sure even when associated "'ith a 
good binder. Pit or bank graYel generally contains more cen1cnt­
ing n1aterial than other kinds, and the stones are less apt to be 
water-"·orn. The poorer kinds are, however, son1etin1es used as a 
foundation, or 1nixed with n1ore binder to secure better results . 

• ~ good gravel n1ay be detern1ined by an inspection of it in the 
pit. I f it stands '1.ri.th a vertical face, is con1pact, free from 
strata of sand, hard, needs a pick to c.lisloclge it, antl breaks in 
chunks, it ,vill n1ake an excellent road surfacing and require no 

f urthcr t rratn1cnt. 
That containing a ferruginous clay, together ,Yith sharp 

angular stones, is exceptionally good, as exposw·e to the air 
hardens the binder and produces the more ron1plete consolida-

tion of the 111atcrial. 
*" Chert is a silidous rock, a variety of quartz, somewhat like flint.'' 
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Usually the gravels occur in beds containing pebbles fairly 
unif orrn in size so that no screening is necessary, hut where such 
condition does not obtain, a recourse n1ust be had to it to remove 
the larger stones or the excess of earthy material. In the latter 
case, two screens are ernployecl, one passing material under 2¾ ins. 
in dian1cter and the other of ¾ in. diameter. That "·hich passes 
the sn1aller sieve n1ay be appropriately used for side paths, "·hile 
that retained on the larger screen may be used as a foundation 
or crushed to sn1aller sizes. 

Screening, ho"•eyer, seems to possess a marked tendency to 
remove more of the binder than is desirable, and should be re­
sorted to only when absolutely necessary. 

In the state-aid roads of l\Iassachusetts " 'here screening has 
been employed, the material is sized into 1 in., 1¾ in., and 2¾ in. 
stone. These are spread in cow·ses, the larger on the botton1; 
each layer being separately sprinkled ancl rolled as in the con­
struction of stone roads. Pebbles failing to pass the largc~t 
screen are sent to the crusher and again sized v.'ith the other graYel. 

Drainage. The con1plete and satisfactory drainage of a 
gravel road is very essential and perhaps n1ore in1portant than 
with any other class as the material, particularly the binder, is so 
easily displaced by water flowing over the roacl. 

The pw·pose of the covering should be to form a smooth, hard, 
imper,'ious surface, and so distribute the load that the founda­
tion rnay be able to resist the pressure "rithout failure and con­
sequent rutting of the sw·face. 

If ,vater is allowed to remain in the ruts and hollows, the sub­
grade soon becomes softened, the binder loses its properties, the 
pebbles become loosened, and the wheels cut through to the sub­
grade. The drier the subsoil the firmer it will be and the better 
able to perform its function as a foundation. In fact, gravel on a 
soft wet base is practically useless, as it is readily forced into the 
mud below. Because a gravel road is less perv'ious, and sheds 
more water than one of dirt, the side ditches or drains should be 
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both wide and deep: deep so that they may drain the subgrade 
of the roadbed well, and wide so that they may successfully care 
for the water diverted toward then1. On steep grades the 
ditches are paved with cobble to prevent erosion, while on city 
streets the gutters next the curbs are si1nilarly constructed to 
protect the sides from wagon wheels. In the latter case the 
stones serve the purpose of a shoulder for the gravel and preYent 

it from spreading. 
The longitudinal grade, from the standpoint of drainage, 

should be as small as possible, as gullies are quickly formed by 
the \vater flowing along the axis of the roa(l and the binder and 
pebbles are washed a"ray. In such cases, the crown is n1ade cor­
respondingly high, to get the water off the roadway and into the 

side ditches as soon as possible. 
Under normal conditions the cro"'11 need not be so grea.t as 

that employed iI1 earth roads, for the "·ater encounters less 
resistance on the smooth surface of the gravel and reaches the 
ditches with a n1uch smaller grade. l\. crown of ¼to¾ in. per 
foot of width or a rise at centre of to the half ,viclth of wheel-

way is quite satisfactory. 
The crown, however, depends very largely on the traffic, 

grade, and method of repairs, and for each set of conditions 
should be modified to suit. For example, on highways where 
the traffic is excessive the cro,vn is proportionally increased; 
first, because the greater the haulage the greater the amount of 
wear to the surface between periods of repair, and second, 
because ruts are n1ore quickly n1ac.le, retarding the flow of vvater 

which the crown n1ust counteract. 
Construction. There are two general methods of building 

gravel roads, known as Surface Construction, ancl Trench Con­

struction. 
SURFACE CONSTRUCTION is perhaps very 1nuch less satis-

factory than the other because it exercises less care in the work. 
In its crudest form it simply means that upon the old and un-
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prepared roadbed a certain amount of gravel is dumped or strewn 
with t he hope that traffic will consolidate it into an impervious 
pavement. This may be the case with very exceptional con­
ditions, i.e., where the roadbed is dry, hard, and well drained, 
and where the gravel is of such character that it binds well and 
quickly under the action of wagon wheels and horses' hoofs; 
but it is generally bad practice and only a makeshift at best. I t 
is true that the Massachusetts Highway Commission has found 
gravel roads thus built in excellent repair after twelve years of 
service, but these are isolated cases and where the factors have 
been carefully studied and found extremely favorable. 

On the contrary, the more care and preparation the original 
dirt road receives for the reception of the gravel covering, the 
better will it serve its purpose and the less it will cost to maintain 
and repair. The roadway, therefore, should first be properly 
graded, crowned, and rolled to secure a firm, even surface, and 
the drainage carefully inspected, both as to the side ditches and 
subsurface drains, to see t hat the water is capable of being car­
ried away as soon as possible. vVith such assurance, the gravel 
may be placed upon this as a f ounclation, being distributed over 
the surface in successive layers three to six inches deep. Each 
course is liberally sprinkled with water to insure speedy consolida­
tion, and a road roller of ten tons is then used to perfect this. 
Should depressions develop during the rolling, more material 
must be spread upon such places, until, after a continuance of the 
process, the entire surface has been brought to the proper grade. 
If the consolidation is satisfactory, a second layer may be applied 
and treated in the same manner, the operation being repeated 
until the pavement is of the required thickness. 

In some cases the traffic alone is allowed to perform the func­
tion of consolidating each course of material, but it is not nearly 
so satisfactory, as it introduces foreign matter between the 
different layers, thus precluding as fir1r1 a bond, and requires 
very much more time to accomplish. Unless the subgracle is 
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drained properly and prepared to receive the gravel, frost and 
rain easily affect the foundation so that a considerable number of 
months may elapse before the road is in any other than a very 

unsatisfactory condition . 
The most critical period in the life of a gravel road is when 

traffic is first admitted to it, as then ruts are quickly and easily 
formed to remain as permanent defects unless rectifiecl at once. 

niassachusetts has adopted the f ollo,ving method in the con­
struction of gravel roads. The bed is examined for low, wet, 
and ,Yeak spots, and carefully prepared as a foundation, by 
removing objectionable 1naterial, laying drains, digging ditches, 
and thorough rolling, to receiYe the gravel to be placed upon it. 
This consists of a bottom course of screenings of the required 
depth, with a surfacing coat of one-inch gravel n1ixecl \\'.ith con­
siderable binder above it. The whole road is then rolled until it 
becon1es hartl and smooth, being well watered during the opera­
tion to assist consolidation. 

TuENCii CONSTRUCTION varies but little from the other forn1 
except in the fact that a t rench is excavated of the required 
"iclth and from eight to ten inches deep, for the purpose of hold­
ing the gravel in place by means of the shoulders at the sides. 
The bottom of the trench or f ounciation for the gravel, prepared 
as in the previous case, 1nay be flat or correspond in section to 
that of the sw·face of the road, the latter requiring less material. 

The advantage of this over the other method is in the fact that 
the shoulders hold t he gravel in place and prevent its thinning 
out at the centre by working over to the sides. The material 

is applied as in suTf ace construction. 
In either form of construction, it is better that the gravel 

vary uniformly between ½ in. and 3 ins. so that t he voids be­
t\\~een the larger pebbles may be filled by the smaller ones. I f 
this is not t he case, screening should be resorted to, so that 
material over 2½ or 3 ins. and less than ½ in. may be rejected. 
The larger size n1ay be used as a foundation upon which the 
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other is placed, and when so used should be rolled and consoli­
dated to a depth of about 4 ins., before the smaller size is ap­
plied. This is put in layers, each being thoroughly sprinkled 
and rolled, while the top layer is mixed with an excess of binder. 

Experience in Massachusetts has shown that where the 
gravel is screened excellent results are obtained, and that while 
the roads ,vear more quickly than macadam, due to ravelling, this 
is not serious. Such roads are more easily maintained than others. 

GRAVEL ON EARTH RoAD. Frequently the application of a 
three- or four-inch layer of gravel to an earth road will greatly 
improve the surface. It should be remembered, however, that 
this will not be the case if the soil is wet, and if such conditions 
prevail the subsoil n1ust in some way be underdrained. If the 
material is clay instead of loam, gravel to a depth of six inches 
will be necessary. Under any circumstances the gravel should be 
thick enough to prevent the traffic from forcing it into the clay 
below and at the same time prevent the surf ace "'ater from 
percolating to the soil beneath, satw·ating it and weakening it. 

It is needless to dump the gravel into ruts, mu.d-holes, etc., 
and look for traffic to consolidate this and produce a superior 
highway. Drainage must be attended to first, last, and all the 
time, or the results will be anything but satisfactory. 

Maintenance and Repairs. MAINTENANCE. "1. After a 
newly constructed gravel road has been thrown open to traffic, 
it should be carefully watched in order that any defects may be 
remedied at once. Shallow ruts and depressions should be re­
paired "ithout delay, or serious damage will be the result. In 
repairing a new road the gravel on the sides of the depression 
may be raked back in place; but after a time it will become neces­
sary to fill the depressions with new material. In the latter 
case the old hardened surface should be slightly loosened \\1ith 
rakes in order to get a bond between the old and the new material. 
The gravel used should be smaller in size and should also contain 
more binding material than that used in the construction. This 
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material should be stored in piles along the road-side, containing 
fifteen to twenty cubic yards each. Smaller piles are soon scat­
tered and wasted. 2. Loose stones should be raked off the road 
surf ace as soon as they appear. They are uncon1fortable for 
the travelling public, spoil the beauty of the road, and help to 
destroy it. 3. Care should be taken to fill all the hollo"·s and 
depressions in the centre, made by the horses' feet, in order to 
avoid having " ·ater rcn1ain on the surface. If the graYel becomes 
saturated and soft, it wears n1ore rapidly and will soon rut. It is 
in1portant that the cro"'Il of the road should be preserved and 
that "'ater should not be allowed to run clo"'Il the centre, but 
should ha,·e an unobstructed flo,v to the side ditches. In cases 
"·here the centre has been \\'orn hollo"' the cro"11 should be 
restored by adding the proper amount of suitable material. 
This work should be done "·hen the road is wet an<l soft and the 
gravel will easily compact and bind together." 4. The ditches 
and culverts should be kept free from obstructions at all times, 
to secure an easy flow of water. 

I\1aintenance of this nature n1ay best be accomplished by 
careful and constant supervision, aided by the use of an ordinary 
garden rake, to remove the larger pebbles and to smooth the 
surface. After the road has become con1pactecl such constant 

attention "·ill not be so necessary. 
REPAIRS differ from maintenance in that they are more ex-

tensive in character, the surface having to be practically rebuilt. 
This should be accomplished by the application of one or more 
layers of gravel, two inches thick, as a greater thickness does not 

pack or bind so quickly. 
One of the chief advantages of gravel roads i~ that they are 

so easily repaired. Unlike dirt roads, gravel highways may be 
repaired in the fall ,vithout either hindrance to traffic or injury to 
the road. The gravel, except in very extensive and complete re­
pairs, should be applied in patches rather than in great stretches, 
and then in small quantities as it \\1.ll much more readily combine 
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with the old surface, and at the same time offer less obstruction 
to traffic. This application may be continued until the entire 
road has been covered. 

The material used for repairs should not be that which is 
taken from paring do"\v-n the shoulders or that which has been 
washed to the sides, but rather new n1aterial kept for that 
particular purpose. Repairs \Yith loam, sand, etc., are bad be­
cause such 1naterial only serves to put the surface in a sandy or 
miry condition. The shoulders should always be kept true to the 
section and the gutters kept open. 

For gravel roads, perhaps 1nore than any other, the n1ethod of 
continuous repairs is th~ 1nost advisable. 

GRAVEL vs. IvlACADAl\I. "No just comparison can be made 
between gravel roads and 1nacadam, as at no tin1e is a gravrl 
road in a condition to give first-class results. Suppose a 2-horse 
load of gravel delivered on the road costs from $1 to $1.25 a load 
of about 1¼ ins. cu. ycls. A road made about 6 in depth at this 
price should cost from 20 to 25 cents per sq. yd. lVIore or less new 
gravel has to be put on each year, and it is safe to say that at the 
encl of each 5 years an amount equal to the original depth has 
been used. This makes the total cost about 4 to 5 cents per sq. 
yd., annually. If a macadam road be built of broken stone 
costing $2.15 per cu. yd. of n1etal on the road including rolling, the 
cost per sq. yd. \Yould be about 47 cents. A road built in such 
a manner would easily ~rithstan<l the traffic common to localities 
removed fron1 the business centres for 20 years, with slight re­
pairs during that time. This would make the annual cost per 
sq. yd. about 2½ cents. By these estimates the macadam road 
in a term of 20 years will cost from about 1¾ cents to 2¾ cents 
per sq. yd. less annually than the gravel road." 

The following specifications for gravel roads, taken from 
the Annual Report of thr Commissioner of Public Roads for the 
State of New Jersey, and indicating the practice existing in that 
State, are well worthy of consideration. 
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STANDARD STATE AID SPECIFICATIONS FOR 
GRA , .EL IlOADS 

Fon A GRA ,TEL ROAD IN ......•..... ...... COUNTY, NEW 

JERSEY Kxo,,~ AS ................ ....... . .. .. . ..... .. ... . 

Bl':GIXXING AT . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . AND 

EXTE~DJNG TO .......................................... . 

A DISTANCE OF .............. FEET, OR . ......... .... !\IILES. 

GRAVEL .............. FEET WIDE .............. INCHES DEEP. 

SHO'l:LDERS . ..... FEE'l' "'IDE. ToTAL ,,·1DTH OF ROAD . ... FEET. 

1. The "·ork to he pPrforn1P<l ,vill consist in furnishing all 
n1atcrial, tools, n1acl1incry, and labor necessary for the efficient 
an< l propPr grading of road ,vay, side cli tchrs, a11< l side banks, 
laying, sprea<ling, and rollin~ of road 1naterial, and lravin~ the 
road,vay <·on1plcte in cv<•ry 1nanner ready for inunPdiate usr. 

:!. The· plan, profilr, and cross-sections on file in !hr office of 
the ~tatc ('on1n1issionc·r of Public Roath, and at the office of .... 
........ (;ounty ]~nginC'cr, .............. K<'\\' .Jer~cy, show ... 
gcnc•ral loC'ation, profil<', clctnih,, ancl din1c•nsions. The ,vork " ·ill 
he c·on:--tructc•d in nll rc·s1><•cts ac·corcling to the abovr-n1C'ntioncd 
plan, profile, an<l <·ross-sc•c·tions, "·hich forn1 part of thrsP spC'cifi-

cations. 
:t :\ny variation of lo<"ation, profih·, size, an<l din1cnsions frotn 

that :::.ho\\·n on the plan, ns 111ay bC' rc•quircd by th<· <'xigPnries of 
C"onstruction, will, in nll cases, he detC'rrnined by tht• <'ngine<'r, 
hut th<' c·ont ra<"tor shall not, on any pr<'trnc<', savr that, of the 
,vrittC'n orclc·r of the C'ontrac·ting parties an,l the ~tatc C'onunis­
sion<'r of Public· Roads, deviate fron1 the intent of the plan or 

specifications. 
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4. On all drawings figured dimensions are to govern in cases of 
discrepancy between scale and figures. 

GRADING 

5. Under this head will be included all excavations and em­
bankments required for the forn1ation of the highway, cutting 
all ditches or drains about or contiguous to the road, r en1oving 
all fences, walls, buildings, trees, poles, or other encumbrances, 
the excavation and embankment necessary for reconstructing 
cross or branch roads or entrances to dwellings in cases where 
they are destroyed or interfered with in the formation of the 
roadway, and all other excavations and embankments con­
nected with or incidental to the construction of the said road. 

EXCAVATION 

6. The roadway to the \vidt h of ....... ..... feet as shown 
on µlan must be excavated or built to the same curvature as that 
of the surface of the road when finished; the grade, from centre 
to sides, must be as shown on plans. 

7. The earth taken from any cut or ditch shall be deposited 
where the engineer may direct, either v.1ithin or without the lines 
of the road, but no earth shall be removed from t he line of the 
road without the order of the engineer. 

E~IBANKl\fENT 

8. l\faterial taken from the excavations, except when other­
wise directed by the engineer, shall be deposited in the embank­
ments, either on the roadway or sidewalks. 

9. When there is not sufficient material in the excavations 
of the road to form the embankments, the deficiency must be 
supplied by the contractor from without the road. The character 
of said material and place of excavation must be approved by the 
engineer. 

10. The embankments must be formed in layers of such depth, 
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generally twelve (12) inches, and the 1naterial deposited and dis­
tributed in such mannrr as the engineer n1ay direct, the required 
allo,Yance for settling being addrd. Each layer 1nust be carried 
across the entire \Yidth of the cn1bankn1cnt and con1pletccl brfore 
co1nmencing another, and this n1ethocl shall be followed ,Yith 
each succeeding layer until the establishell grade is reached. 

SLOPES 

11. Slopes in both en1bankn1ent anc.l excavation shall be one 
and one-half (1!) horizontal to one (1) Ycrtical, ,vhen the width 
of the road ,Yill pern1it; if the road is too narrow to allo"' the 
full slope "rithin its side lines, the engineer shall not calculate the 
quantities, either in c111bankn1ent or cxcaYation, beyond said side 
lines, unless the required ground shall be first dedicated to the 
public in writing by the o,Yner or o,vners thereof. 

ROADWAY 

Sit bf oundations 

12. vVhen the excavations and cn1bankments have been 
brought to a proper clcpth belo"· the intcnclcd surface of the 
road,vay, the cross-section conforn1ing in every respect to the 
cross-section of the road when finished, the same shall, if ordered 
by the engineer, be rolled until approved by hi1n. If any de­
pressions f orn1 under such rolling, O\ving to i1nproper material or 
vegetable matter, the sa1ne shall be ren1oved and good earth sub­
stitutcll, and the ,vhole re-rolled until thoroughly solid and to 

above-n1entioned grade. 

SHOULDERING 

13. A shoulder of firn1 earth or gravel is to be left or made on 
each side of the gravel bed, extending at the same grade and 
curvature of road to sic.le ditches or gutters. This shoulder is to 
be rolled according to the directions of the engineer. 
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UNDERDRAINS 

14. Underdrains, if found necessary, shall be constructed by 
the contractor (at prices nan1ed in bids) of good inch 

tile, laid upon a board of not less than one (1) inch in 
thickness and six (6) inches in width, whenever and wherever the 
engineer shall decide; top of tile or pipe must be at least 
inches deep, unless other"rise directed by the engineer; the 
joints of the tile or pipe n1ust be covered "rith salt hay, or material 
equally as good, and trench filled \vi.th pcrvious earth. 

15. vVhen directed by the engineer a stone drain may be used 
in place of the tile drains. A trench one foot in width and one 
foot six inches in depth shall be excavated below the subgrade, 
said excavation to be filled with loose broken stone to a depth 
required by the engineer. 

MATERIALS 

16. The material to be used in surfacing t he road is to be fur­
nishecl by the contractor. 

17. The Road Committee, in conjunction 1,,,rith the engineer 
and State Commissioner of Public Roads, will pass upon and ap­
prove all gravel to be used in surfacing the road. The contractor 
is to dig, cart, and place upon the road, in accordance with the 
specifications, the gravel selected and use no other. Should any 
objectionable material be used, he is to remove the same at his 
own expense. 

18. The contractor must furnish to the engineer and State 
Commissioner of Public Roads san1ples of the kind of gravel to be 
used in the work before the opening of the bids. 

19. The gravel is to be placed upon the road in such manner as 
shall be approved by the engineer, and be thoroughly rolled and 
solidified until it is consolidated, firm, and approved hy the 
engineer. The gravel shall be of such thickness that when it is 
thoroughly compacted and approved, it shall be inches 
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deep in the centre and slope at a regular grade to 
inches in depth at a distance of feet on each side of the 
centre line. 

20. Should any depressions appear these are to be carefully 
filled ,vith gravel, so that the finished road will conform to the 
approved profile. 

21. The contractor is to be paid by the cubic yard, as per 
depths above named, for the compacted gravel that he puts on 
the road, at the price named in the accepted bid, which shall in­
clude finishing the road and shaping the shoulders as above 

specified. 
22. The contractor is to place sufficient gravel on the road to 

allow it to shrink thirty-three per cent in rolling and settling. 

SIDEWALKS 

23. The contractor will also be required, when the engineer so 
directs, to grub and remove from a strip of land feet on 
outside of curb-lines all material objectionable to the engineer, 
such as trees, stumps, roots, and brush, and refill the holes with 
earth, thereby con1pleting the opening of the entire road to a 
width of feet, which shall be feet on each side 

of the centre line. 
24. The grubbing and removing of such objectionable ma­

terial that is ordered by the engineer shall be styled as " grub­
bing," and paid for by the acre at price named in accepted bid. 

OPEN DITCHES 

25. The contractor is to grade the shoulders and open all 
necessary side ditches (as per stakes furnished by the engineer) 
so that there will be no ,vater allowed to stand by the side of the 
road or upon it, for which no extra payment ,vill be allowed. 

EXTRA DEEP 

26. Should the engineer and State Comn1issioner of Public 
Roads so order, the contractor is to build in all respects, as al-
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ready specified, the gravel bed to a greater depth or thickness 
than that already named. The contractor is to do the same at a 
price named per square yard for each extra inch in tlepth. 

NO EXTRA !'RICE 

27. No allowance in measure of depth of pavement will be 
made on account of any material which may be driven into the 
roadbed by rolling. The pavement, when completed, must con­
form to the grade and cross-section, and be satisfactory to the 
engineer and State Commissioner of Public Roads, whose decision 
shall be final. 

28. No extra work will be paid for unless the price has been 
agreed upon between the contracting parties, including the State 
Commissioner of Public Roads, and endorsed upon the agree­
ment, witnessed by the engineer. 

BROAD· TIRE WAGONS 

29. All wagons and carts used during the construction for 
hauling stone, earth, or any other material must have tires not 
less than three and one-half (3½) inches in width. 

BIDS 

30. Bids will be received under these specifications for the 
road complete as follo\.vS: 

(1) Price per cubic yard for earth excavation, without classi­
fication, as per plans and cross-sections throughout the length 
and v.1idth of the road. 

(2) Price per acre for grubbing and removing objectionable 
material from sidewalks. 

(3) Price per lineal foot for completed tile drain. 
( 4) Price per cubic yard for compacted gravel as specified. 
(5) Price per square yard for each ordered inch in depth in 

excess of thickness named. 
(6) Price (lump) for the whole road complete, according to 

the specifications and plans prepared by the engineer. 
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No bid ,viii be received in which all the above items are not 

filled out. 
ESTThIATE OF QUANTITIES 

31. (1) Earth excavation ............. cubic yards. 
(2) Grubbing .................... acres. 
(3) The drain ................... lineal feet. 
(4) Compacted gravel ............. cubic yards. 
Total estimated cost of the road,$ ... . 

32. These quantities are the result of calculation, but are to 
be considered as approxin1ate. The county ,vill not be respon­
sible for any excess in above quantities, should any occur. 
The contractor is expected to satisfy himself by a personal ex­
an1ination of the "'ork contemplated, about the nature,character, 
and quantity of the labor and material required. 

CHECK. ACCOJ\IPANYING BIDS 

33. Bids shall be accompanied ,vith a certified check, payable 
to the Director of the Board of Chosen Freeholders, for the sun1 
of one thousand dollars ($1,000), as a guaranty that if the con­
tract shall be awarded to hin1 he will, ,vhen required by said 
Board, execute an agree1nent in ,vriting to perfor1n the ,vork 
according to the specifications, and upon failure by the con­
tractor to enter into said agreen1ent 1Yith the said Board of Chosen 
Freeholders, said certified check shall be forfeited and.considered 

as liquidated damages. 

L1ABILITIES OF CONTRACTOR 

34. He shall keep up sufficient guards by day and night to 
prevent accidents from travel, and will be liable for any da1nage 
,vhich n1ay arise fro1n his neglect to do so, or fro1n any omission 

on his part. 
35. He is to commence and prosecute the work upon the road 

at such points as may be directed by the engineer, within 
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days from and after the signing of the contract, and shall con­
tinue \York thereon until completion, except as herein provided. 

36. He further agrees to complete the same on or before the 
day of A.D. 

37. T"'enty dollars for each clay that the "\\'Ork shall ren1ain 
uncompleted, after the time allowed by contract, n1ay be de­
ducted, as liquidated damages, from any moneys clue contractor, 
unless other"\\rise agreed upon by the Board of Chosen Freeholders 
after presentation of certificate of the engineer reco1nmencling the 
extension of the time limit of con1pletion. 

38. The contractor shall keep the finished roadway, earth­
work, side ditches, and underclrains in repair for the period of one 
year fron1 the elate of its completion and acceptance, and, in 
addition thereto, for as much longer as for any period or periods 
during said year it shall be out of proper condition. If, during 
that tin1e, the road\\'ay or any part of the work shall, in the judg­
ment of the engineer and the Board of Chosen Freeholders, re­
quire repairing, and they shall duly notify the contractor to n1ake 
such repairs as required, and the contractor should refuse or 
neglect to clo so to the satisfaction of the said engineer and Board 
of Chosen Freeholders, \\rithin five days from the elate of service of 
notice, then the said engineer and Board of Chosen Freeholders 
shall have the right to have the work done properly by other 
parties and rccoYer the cost for the same from the said contractor 
or his surety. 

39. The contractor "'ill be required to preserve all stakes and 
bcnch-n1arks made and established on the line of work until duly 
authorized by the engineer to remove the same. 

40. The contractor shall not disturb the position of title­
stones (the corners of properties adjacent to the road), but where 
they appear he will either lift or lovYer them, under the per­
sonal supervision of the engineer. 

41. The contractor must also preserve the roadway on which 
he is working from needless obstruction, and where necessary 

-
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construct safe and commodious crossings, to be n1aintained in 
good order. He shall afford all proper and reasonable means for 
the accon1n1odation of the public, and leaYc the road\\'ay com­
plete in every manner ready for imn1ccliate use. 

42. All loss or damage arising from the nature of the work to 
be done, or fron1 any unforeseen or unusual obstruction or dif­
ficulty, which n1ay be encountered in the prosecution of said 
work, or from the action of the elcn1ents, shall be sustained by 

the contractor. 

PROYISION FOR DRAIXAGE 

43. If it is necessary in the prosecution of the work to in­
terrupt or obstruct the natural drainage of the sw·face, or the 
flow of artificial drains, the contractor shall proYide for the i::ame 
during the progress of the work in such a "·ay that no damage 
shall result to either public or priYate interests. He shall be 
held liable for all damages which n1ay result frcm any neglect to 
proYide for either natural or artificial drainage, "·hich he may 

have interrupted. 

RIGHT TO BUILD BRIDGES, CULYERTS, ETC.. AXD srsPEXSION OF 

\VORK 

44. The right of the county to build bridges, cul,·erts, lay 
pipes or other appw-tenances in said road during the progress of 
the work is expressly reserved, as \Yell as suspending the work, 
or any part thereof, during the construction of the same, for the 
purposes above stated, without further con1pensation to the 
contractor for such suspension than an extension of time for 
completing the work as much as it n1ay haYc been clclayed. 

STOPPING \YORK ON ACCOl'NT OF "·EATHER 

45. The State Commissioner of Public Roads, engineer, or 
supervisor may stop any portion of the work if, in their judgn1ent, 
the weather is such as to prevent the san1e being done properly. 
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No allowance of any kind will be made for such stoppage, except 
an extension of the time for the con1pletion of the work as herein 
provided. 

ABANDONMENT OF CONTRACT 

46. If at any time the ,vork under contract should be aban­
doned, or if at any ti1ne the engineer should judge and so certify 
in writing that said ,York, or any part thereof, is unnecessarily 
delayed, or that the contractor is wilfully violating any of the 
conditions or covenants of this contract, or is executing the same 
in bad faith, then, and in that case, the Board of Chosen Free­
holders shall notify the said contractor to discontinue all work 
under this contract. I t may employ other parties to complete 
the work in such manner as it may decide, and use such material 
as may oe procured upon the line of aforesaid work, and, if neces­
sary, to procure other material for its completion, and charge the 
expense of the said labor and material to the contractor, ,vhich 
expense shall be deducted from any moneys clue him under con­
tract. In case these expenses shall exceed the sum which would 
have been payable uncler contract, if the same had been con1-
pleted by said contractor, he or his bondsmen shall pay the 
amount of the excess to the Board of Chosen Freeholders, on no­
tice from the engineer. 

ENGINEER 

47. The engineer shall be selected or appointed by the Board 
of Chosen Freeholders and pai<l by it. He shall furnish all sur­
veys, profiles, plans, specifications, and estimates of quantities 
of all kinds before specifications are signed, and in such a clear 
manner that lun1p bids can be made upon the work. He shall 
furnish all lines and grades required for the completion of the 
,vork. He shall furnish estimates for quantities of work done 
before partial payments can be made, the quantity of road laid 
being determined by surface measurements. Should any dif­
ference arise between the contracting parties as to the meaning 

5 

... 
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or intent of these specifications, his decisions on these matters 
are to be final and conclusive. The work is to be clone according 
to his directions, and if any material of ,Yhich he does not approve 
is brought upon the road it is to be ren1oved at the expense of the 
contractor. If the contractor fails or neglects to clo any part of 
the work as specified or as directed by the engineer, then, in that 
case, all other work shall be discontinued, on notice from the 
engineer to the contractor, or to the superintendent or foreman 
in charge of the work for the contractor, until such tiine as the 
work complained of has been done to the satisfaction of the en­
gineer, and the contractor will not be entitled to or allowed any 
compensation or e:>...iiension of tin1e for such discontinuation or 

suspension of the work. 

S"'GPERYISOR 

48. :Nothing in these specifications relating to the duties of 
the engineer shall be taken or construed in any manner to con­
flict "rith the duties of the supervisor, as specifically set forth in 
the act entitled "An act to proYicle for the permanent improve­
ment of public roads in this state," approved )larch 27th, 1905, 
but they shall cooperate as far as practicable. 

INCO~IPli;TEXT '\YORlOIEN 

49. The contractor shall employ competent men to do the 
work, an<l whenever the engineer and supervisor shall inform 
him, or his representative in charge, in "Titing, that any man on 
the work is unfitted for the place, or is ,Yorking contrary to the 
provisions of the specifications or the instructions of the engineer 
and supervisor, he shall thereupon be discharged. 

I~SPECTIO)l' 

50. All directions and determinations necessary to give due 
and full effect to any of the provisions of these specifications shall 
be given by the engineer and supervisor. 
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51. All material and workmanship of any kind shall be sub­
ject at all times to the inspection of the engineer and supervisor. 
Whenever unfaithful and imperfect work is discovered, it shall 
be immediately repaired or replaced by the contractor, after due 
notification from the engineer and supervisor. 

SUBLETTING OF CONTRACT 

52. The contractor shall not assign or sublet any portion of 
this contract without the consent of the Board of Chosen Free­
holders and the State Commissioner of Public Roads. 

PA1~IENTS 

53. . ........... n1onthly payments will be n1ade by the 
Board of Chosen Freeholders to the contractor for work per­
formed, upon presentation by him of the proper certificates of the 
engineer and supervisor, in a sum not to exceed eighty per cent 
of the amount then due, together vvith releases from all liens, 
if required. Fifteen per cent will be paid at the completion of the 
work and the acceptance of the same in writing by the Board of 
Chosen Freeholders and the State Comn1issioner of Public Roads. 
The remainder, or five per cent, \\rill be retained by the Board of 
Chosen Freeholders for a period of one year as security for the 
faithful performance of Article 38. 

BOND OF CONTRACTOR 

54. The contractor will be required to execute, within thirty 
days of giving of contract, a bond in such sum and with such 
securities as shall be approved by the Board of Chosen Free­
holders, conditioned for the faithful perforn1ance of the contract, 
to indemnify and save harmless the said Board of Chosen Free­
holders from all suits or actions of any name or description 
brought against them on account of any act or omission of the 

. contractor or his agents, and for the faithful performance of the 
contract by the contractor. Said bond shall be in a sum of not 
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less than the estimated cost of the road when con1pleted. Any 
change made in said plans, specifications, agreements, or quanti­
ties \Yithout the consent of the bondsmen shall in no \vay vitiate 
said bond. The said contractor hereby further agrees that so 
n1uch of the money due him, under and by virtue of this agree­
ment, as shall be consi<lered necessary by the Board of Chosen 
Freehol<lers, may be retained by it until all such suits or claims 
for damages aforesaid shall have been settled, and eYidence to 
that effect furnished to the satisfaction of the said Board of 

Chosen Freeholders. 

CONTR,ACTOR TO INSURE PA1~1ENT FOR LABOR, 1\lATERIAL, ETC., ON 

FIN AL ESTil\1ATE 

55. The contractor must also furnish said engineer with satis­
factory evidence that all persons who did \Vork, or furnish material 
for this contract, or who have sustained damage or injury by 
reason of any act, on1ission, or carelessness on his part or his 
agents in the prosecution of the work, have been duly paid or 
secured ; he shall also give notice to said engineer "rithin ten days 
after the completion of the work, and before final estimate is 
made, that any balance for such work or n1aterials, ur compensa­
tion for such dan1ages due, has been fully paid or released. 

56. The right is reserved to reject any or all bids, if deemed to 

the interest of the county or State. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
County Engineer. 

Approved this ........ day of ........ , A.D. 190 , by reso-
lution of the Board of Chosen Freeholders of the county of ..... . 

• • • • • • • • • • • • • • • • • • • • • ♦ • • • • • • • • • • • • • • 

Director of Board of Chosen Freeholders. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Clerk of Board of Chosen Freeholders. 
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OFFICE STATE COl'.fl\IISSIONER OF PUBLIC ROADS, TRENTON, 

N. J. 
I have this day carefully read and examined the foregoing 

specifications, and the same are hereby approved. 
Any departure from these specifications must have the ,vrit­

ten consent of the State Commissioner of Public Roads. 
Given under my hand, this ...... . . clay of, A.D .... . .. . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

State Commissioner of Public Roads . 

• 



CHAPTER IV 

BROKEN-STONE ROADS • 

D EFINITION. A broken-stone road is one in which the surfac­
ing material, resting upon an earth or stone foundation, is con1-
posed of small fragments of crushed rock, and so consolidated by 
rolling or traffic as to form a compact mass, ~'ith a smooth 

and iin pervious surf ace. 
I{ INDS. Such roads are divided into two general classes, 

Macadan1 and Telfor<l, receiving their nan1es from the English 
engineers who, about the middle of the eighteenth century, ,vere 
instrumental in demonstrating their superior qualities. Both 
types agree in the use of fragments of broken stone, but differ 
materially in the foundation upon ,vhich it rests. 

Macadam. As originally built, a macacla1n pavement con­
sisted of a layer of broken stone 2½ ins. in dia1neter, and 8 to 10 
ins. deep, laid for the full ,vidth of the roacl,Yay. According to 
Macadam, " The stone was e1nployed to for1n a secure, smooth, 
water-tight flooring, over ,vhich vehicles 1night pass with safety 
and expedition at all seasons of the year. The thickness ~

7

as 
regulated only by the quality of the rr,aterial necessary to f orn1 
such a flooring, and not at all by any consideration as to its o"-n 
independent power of bearing weight." 

This rested upon the natural soil as a foundation, particular 
attention being given to the matter of drainage, to prevent water 
either remaining in the roadbed or flowing to,varcl it. 

No binder nor road roller was used to help cement the frag­
ments together, but consolidation depended entirely upon the 

action of t raffic. 
The term "binder," it should here be stated, applies to any 

70 

j 
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fine material, about one-quarter inch in size or smaller, which is 
used on a stone road for the purpose of filling in the interstices 
between the fragments of stone and cementing or binding them 
together, so that the covering may be smooth, compact, and 
impervious to water. 

A Telford Pavement differs materially from one of macadam, 
being constructed as follows : "Upon the level bed prepared for 

F1G. 23.-11acadam Pavement with Gutter. 

the road materials, a botton1 course or layer of stones is set, by 
hand, in the form of a close, fir1n pavement. The stones set in 
the rniddle of the road should be 7 ins. deep; at 9 ft. from the 
centre, 5 ins. deep; and at 15 ft. from the centre, 3 ins. deep. 
They should be set upon their broadest edges length"rise across 
the road, and the breadth of the upper edge should not exceed 
4 ins. in any case. All irregularities of the upper part of the 

F10. 24.-Telford Pavement. 

pavement should be broken off by a hammer, and all interstices 
filled with stone chips firmly wedged, or packed by hand with a 
light hammer, so that when the whole pavement is finished there 
shall be a convexity of 4 ins. in the breadth of 15 ft. from the 
centre. 

"The middle 18 ft. of the pavement should be coated .with 
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hard stone to the depth of 6 ins. Fow- of these 6 ins. to be first 
put on and worked in by carriages and horses; care being taken 
to rake in the ruts until the sw·face has become firm and con-

solidated, after which the remaining 
2 ins. 1nay be put on. 

" The whole of this stone should 
be broken into pieces as nearly cu­
bical as possible, so that the largest 
piece in its largest dimensions may 
pass through a ring of 2½ ins. inside 
diameter. 

" The paved spaces on each side 
d of the middle 18 ft. shoulcl be coated 
-~ \7\'ith broken stone or well-cleaned 
C) 

J3 gravel up to the foot-path or other 
] boundary of the road so as to make 
:.a E the ,vhole convexity of the road 6 ins. 
·-t_() fro1n the centre to the sides of it, and 
0 
~ the whole of the materials is then 
f covered \7\7ith a binder of 1 ½ ins. of 
C'l 

0 good gravel free from clay or earth.' ' 
.... 
~ Modern Stone Roads vary but 

little from the above types and then 
only in the 1ninor details, the same 
general princi pies governing their 
construction and maintenance as 
those laid by ~Iaca<lam and Telford. 

Present practice requires, how­
ever, that the f ounclation upon 
which the stone is to rest shall be 
graded and thoroughly consolidatrd 

by a heavy roller until it conform in cross-section with that of 
the finished covering. Should any depressions result from this 
process, they must be filled with good loamy earth, and the 

I 
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rolling continued until the soil is thoroughly compacte<l and 

true to grade. 
In motlern tclforc.l pavcn1ents, "after the roadbe<l has been 

rollc<l , a bottom cour~c of stone is set by hand a~ a close firn1 
paYemcnt, the stones bring placed on their broadest edges, lcngth­
" 'i:sc acro~s the roac.l in such 111anncr a:-, to break joints al'."i much as 
po:-;siblc, thr breadth of the upper edge not to cxC'ccc.l 4 ins.'' 
No st one-. largrr than 10 in~. long by 4 ins. ,vicle 1nay be used. 
ThiH foundation cour:--l' is settled by ran1n1ing or rolling, and upon 

F1a. 28.-~tanclard Sections in Cut and Fill, as Built in ~lndison Co., Tenn. 

it placed the· successive layers of srnallcr stone as in a rnacadan1 

pa vc.'mcn t. 
In 1110<.lrrn 1nacadan1, the roadbed is prrparrtl as aboYC. 

hut instrad of a founc.lation being put down, thr broken stone is 
lai<l clirrctly upon thr earth. Thr fir~t layer of stone consists 
of two and one-half-inch frag1ncnts, or that pa~sing a thrre-inch 
ring, drpositrcl to thr required depth, and repeatedly rolled 

until consolidation takes place. 
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F1a. 31.-Broken Stone Being Put in Place on the Prepared Subgrade. 
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()\'l'r tlu• fir. t ,·11ur,;;t• hi11dPr nuLy l>1 1 spr,·ud nnd rollt'<l until it 
hru ,,·ork(.':(1 into th1• intt•r,-.ti1·P~ n.ud th" :--ton,·~ t·cllS<' tn C'fl'l')' or 
ink hl•fore tlu• rnll,•r. 1\ ~t•c·n111{ c·nur~,· of l ~ in. :-:tnnl' is lnid ou 

thi , and tn•utPd a~ i11 tlH' aliovt•. l 1
po11 thi~ finally is laid n rnnt 

c,f ::,o per 1'1'11t i11. ~t, 111e: nnd .)() p1·r c·1•ut :--rr,•c·nings \Vc•ll rnixt•cl, 
\\ hich il'i again !-llll ,j,,,·t L·• l to rolling. 

1'c 1 11~ Ho\n ~T11N•:. ' l'hc follo\ving nbstrnct, substnn­
tiallyn it nppearf•di11n11artit·lt•,,n "('urn·nt })ra,·ticPin l ,nhora­

tory '1'.,~t uf l{oncl ~lut,·rinl--,'' hy Prof. 1\ . 1\lack, i1Hlic·at<•s th,· 
n1c•tltucl of n1uki11g tr- ·t 1111 rf1ud :-tout- to 1lt·t<'rt11i111· it:- .::;uitnhility 
lo uch p11rposl' . 

'J ht• ,,unliti,•.., n·q11irPd i11 a ~nod rnnd ~tont' :ire• hnrdnc. s. 
toughncs.~, nnd bi11diuy 11r ,., .. n1enli1•y ,,roperfit',' oft hl' fl1H•r nhrudl"d 

rnall·1·inl: n\ ... 11, tun lt•:i. l'Xt1•11t. thl' nhility to r<':-.i~t th•• di~iutt·­
grating :it:tion 11i tlH• \\'i'nllu•r. n11d, prolinlily. nf s11111C· organit 
urid!'i pro<l1H'ld by th«' d,·,·11111111J:iition 1)f t'Xt'rr-tnl 111att1•r:- al,Yny. 
pre f'llt upon rond\\·ay:- i11 u ..... 

I, lly hnrdn£'s j ... llll'Ulll thl' pn\\'f'I' )'0:---1'.:,-:(•d hy t\ rtH'k to J't'-

j.,.t tltr· \\ Puring a1•t i,111 raut:S1•d hy t la' ahrn:-ion of ,vhPt•l:-- aud 
hor <'!,. fpet, ' l\n1gltn1 ...... , n:-- undrr:-lol)d liy r,1:td liui\cll•r-.. i:- t hi· 
ntlhc ion h,·t" t'C'll th,· r·ry--t nl nnd ft11P parti<·k1

-: 11f a nl('k, \\'hi<·h 
gi,~ it pc\\( I' tu fl>si:-;t f111tt11n· ,vl11•n :-ubjPc·trd tn thr l1lo\\'" ,>f 
trnJlir. 1'1ii i111portu11l prr:1p1•rty, \\·hile di:-ti11,·t fr11111 hard111•-.:-, 
i yrt inlinH1t,•ly n"' orinted \\'11 h ii, nnd 1•n11. i11 u tl1t':\!')ll1'1', 111:1k1• 

Ull for n drfi •ipn1•y in hnrth1P·:-i. ll ard11t .... fur in tanc1•. ,,·nuld 
ht thP I'\' i ... tnnel? 11ff1•r1>tl 1,y n r,,ck ll' tl11• grinding 11i :ti\ <'tl\Pl')" 

"hPPI; t ough11l :,; t hr 1 l'si. l nn<·1.• tu i ra•·I lll'l' \\·hen "truck ,,·it h a 
hnnunf'r. 

" t 'c>1nrnt ing or I in, ting po"·rr i-. l hl· prop1•rl y po:-,",sed hy th,"\ 
du~t of n rork to net aftrr \\Pttiug n n 1·t•1nf•nt t<, thr coarsl' frng:­

n1c•nt eon11,, ,ing thr• "ad, hin,ling the111 tugc-thrr nu I forn1in!! n 
• nH th, i1111 nr\'ious h('ll O\'C'r th., :-urfuc". ~urh n :-ht•ll, forn1NI 
hy a rock oi high c-t•rncnting vnlue, protect-- the unclt'rlying 
aunt rrh1l f r:0111 \\ nr nnd nrl,. n, 1\ ,·u-.h ir,11 t<1 the blo"'"' f 1'011 I hon-e:, 1 

0 
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feet, and at the same tin1e resists the "•a..c;tc of n1aterial caused by 
"·incl ancl rain, anc.l preserYcs the f ounclation by shedding the 
surface water. l1inding J)O\\'Cr is thus probably the n1ost irn­
portant property to be sought for in a road-building rock, as its 

presence i8 al\\·ays necessary for the best results. 
" The hardness ancl toughness of the> binder surface, 1norc than 

of the rock itself, represents the hardnc~s and toughness of the 
road, for if the ,veight of traffic is sufficient to dr~troy the bond of 
crn1cntation of the surface, the stones bclo,Y arc soon loosened 
ancl forced out of place. "\"\l1rn thc·re is an absence of binding 
1natcrial, \Yhich oftrn occurs ,vhcn the' rock is too hard for the 
traffic to ,vhich it is suhjrcted, the road soon loosens or raYcls. 

"I•:xpPric·ncc sho,vs that a rock possc~sing all thrrr of the 
properties n1rntioned in a high degree dors not uuder all con­
ditions n1akc a good road 1uatcrial; on the contra1·y, under cer­
tain conditions it n1ay be altogcthl'r unsuitable. ...\.s an illus­
tration of this, if a country road or a city parkway, \\'here only a 
light traffic preYails, "'ere built of a Ycry hard and tough rock 
"·ith a high cernenting yalue, neither the brst, nor, if a softPr rock 
,vcrc aYailabl(', ,voulll the ch('apest results 1,c oblaincd. Such 
a rock \Yould so cffeclivcly rPsist the ,vcar of a light traffic that 
the an1ount of fine dust, ,vorn off ,vould be carri<'ll a\\·ay by "·ind . . 
anll rain fa..5ter than it would he supplictl by ,vt'ar. Consr­
qucntJy, the binder supplied by wear ,vould be insufficient, and 
if not i~upplied from son1c other sourc<' thr road "·ould soon go to 
pieces. The first cost of such a rock ,voulcl in n1ost instancrs be 
grratcr than that of a softer one, and the necessary repairs 
resulting f ron1 its us<' ,vouhl also be vrry cxpcnsiYe .... 

"The degree to ,vhich a rock absorbs "·atcr n1ay also he in1-
portant, for in cold clin1atcs this to son1e extent dctcrrninrs the 
liability of a rock to fracture by freezing. It is not so i1nportant, 
however, as the absorptive po,vcr of the road itself, for if the road 
holds rnuch ,vater the destruction ,vrought by frost is Yery great. 
This trouble is generally due to faulty construction rather than 



l!"IG. 32.-Laying a Telford Foundation. 
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F10. 34.- Steam Roller at vYork on Finished Road. 



Fie. 3.3.-Complcted Roa<l. 

k-



91 

to nuit<•rial. rrhc dC'nsity or ,vcight of a ro<"k ii-- also ronsidPrcd 
of irnportan<·<·, a~ t.h<' l1<•aYiC'r thl' rotk th<' h<'l trr it s tays in place 
und the bet t<·r it resists th<' aetion of \Yind and rain." 

1'hrse qualitirs ar<' sC'ldon1 found togrthcr in thr san1c s tone. 
T~1u·ous and silic·iou:::; roek, although frrqucntly hard and tough, 
do not ,·onsolidnt<' so \\'ell, nor so quiekly, under the traffic as 
linu"·,tonl>, o,Yillg to thr faC't that the sandy dc•tritus forn1cd by 

:--11<·h ro<'ks ha:-- nn eohesion; \\ hilr th<' li111c:-;tonr yiC'lds a fine 
1tnlt Prial ,Yhich ac:ts lik<' 1nortar in binding th<• indiYidual stones 
tog,·thPr. .\ stonP "'ith good hindin~ prupcrtirs \Yill frequrntly 
\\'Pnr 11ntC'h het tl'r t hnn a hardC'r and toughrr n1atcrial dcficirnt 
in :--u<'h prop<·rtiPs. Thr Pnginc•c·r, lhC'rrforc, is oftrn called 
upon , in :-;.pl<•<·lin~ a road nuitrrial, to ,nakC' a judiC'ious con1-
pron1i~<· hPt\\' l'C'll th<' diffcrrnt rr<1uisit<' C'hnractrristic µropcrtirs 
1>f u fir:--l-<·lnss roud\\·ay, to ~uit th<' partieular C'Onclitions ancl the 
~1><·1·ial prnhh•111s prP~rntcd; and it is the objPct of the' tc•~tin~ 
11\.l>tirutori<'~ lo furni:--lh hin1 \Yith the tH'<'C'S~arv data for this • 

1 •11rpo~(•. 
l?t1 /;i~t,111cc lo .11Jrasio11. 1"'hc' apparatus used for this test is 

l'~S(·nl inllY t hl' t>ld l )<'Ynl nutchinc u~<·d in France since' 187 l or 
1•arliPr. 1 n it:-: original forrn it ronsist<·d of :2 iron rylindP1-s, 
1·al'li :20 <·n1. in din.nt<'ter, und :{-! cn1. long:. intrrior n1ca-;urrrnrnts. 
l•~n"h <'yli111 lc•r "·a~ C'ln~l'd nn one C'n<l, aucl had a Rp<'cially fittetl 
1•ov1·r <'ll t h1• ot lu•r, \Yhi<'h, hy 111t•nns of a h·athC'r gn~kct, could be 
IH)lt1•d Clll air-tighl. rrh(• <'ylindr.r:, \Y('J'l' atta('h('d ton horizontal 
:-:haft, tn ,Yhi1·h th1•y ''"""P inclined at nn angle of :30 deg:re<'~ 
n11d nhnut \\·hi1·h th<'~' ",·n· rotntPd hy 111C'an:-- of a pull<'y \\·hC'Pl 
fast <•n1•d to t ht> s lut ft. 

Th,· ahrnsion 1na<'hi11<'~ of to-<la\' an' <'sscntially as that ll<'-. . 
:--1·rihrd nlio,'l', l'XC<'fH t hnt t hert> nrP four eylinders on thr :-;.a1nc 

:-hnft. ~o t hnt it i:.-- po:-:--ihlP to 111akP fonr abrasion tPsts 1'itnultanl~ 
t1u,ly. .\ l'nunt<•r i:.-- u:-:,·d for rrl'nrtling th<' nu111brr of J'l•Ynlu­
t ion~. Fil!. ;J11. 

'fh1• 11tnlt>rial tn h1• t1·.--t1•d i:.-- hrnk1•n i11tn pil't'l'~ front olll' and 
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one-fourth to t\vO and one-half inches in diameter, the sizes usu­
ally cniploycd on roachvays, and as nearly cubical as is practicable 
,vith the appliances ordinarily used for such ,vork. 1'hcsc stones 
should be thoroughly " 'ashed and, if necessary., scrubbed, t.o 
re1nove all dust and for<"ign niattcr; and should then be allo,ve<l 
to dry for several days before being used. l1'ivc kilogra1ns of the 
clean broken stone, accurately ,veighcd, constitute the charge 
for each cylinder. The cylinders being charged, the covers arc 
bolted on seeurely, and the shaft rotated at the rate of 2,000 revo­
lu tions per hour, for fi,·e hours. Each rotation thro"'S the pieces 

F1G. 36.-Abrasion ri.1achine for l\facaclam ?ifaterial. 

of stone tn,ice fron1 one end of the cylinder to the other, causing 
thcn1 to grind against one another and against t he sides and ends 
of t he cylinders. 

\\7hcn the counter has recorded 10,000 reyo]utions, the 
n1achinc is stopp12d, the covers unbolted, and the contents care­
fully scraped and brushed out of the cylinders into the upper of 2 
supcriinposcd sieves, ha Ying 16 and 100 meshes to the ]jnear inch 
respectively. These sieves rest on the edge of a broad pan which 
rccrivcs all that passes through the,n. 

rfhc n1atcrial retained on the upper, or coarser, sieve is thor­
oughly ,vashed, and then put aside to dry for about t"'o days. It 
is thrn carefully "'righcd, jts " 'eight deducted fron1 the original 
cylinder charge, and the difference recorded as loss due lo abra­
sion; for it hru; been agreed to consider a.s abraded all that passes 
the sieve ,vith sixteen rncshcs to the linear inch; ,vhilc the larger 



• 

BROKEN-STONE ROADS 93 

particles retained on that sieve are assumed to be the original 
pieces reduced by wear, or broken into smaller pieces by impact. 

This si1nple method, by differences, of determining the abra­
sion loss should al,vays be used in preference to the laborious an<l 
not more accurate method, sometirnes prescribed, of weighing 
directly the finer material, v.·hich involYes the thorough washing 
of the cylinder to remove the adhering dust, and the washing 
of the larger particles in the san1e ,Yater, rvhich must then be 
filtered, the filtrate, when dry, 1nixed ,Yith the cylinder detritus 
prcYiously set aside, and the mixture sifted on the sixteen-mesh 
sieYc, the n1atcrial passing through this sieve being then 
weighed. 

Thenun1erical value for the abrasion of the specin1en may then 
be stated in either of two ways: by the percentage, by weight, of 
the original charge that has been \vorn off by abrasion; or the 
French coefficient of ,vear may be used, which has been developed 
from the f ollo"·ing considerations: 

In the earlier French tests a rock of superior ,vearing quali­
ties ,Yas al'\vays placed in one of the cylinders as a standard of 
co1nparison; and the ratio of the " ·eights abraded, in the case of 
the standard rock and of the specimen under test, "·as supposed 
to indicate their relative resistances to abrasion. It was soon 
found that only the best yarieties of rock produced less than 20 
gm. of abraded material per kilogram of original r barge; the 
number 20 was, therefore, adopted as a" standard of excellence,'' 
and the coefficient of wear for any stone tested was obtained from 
the formula: 

Coefficient of ,vear = -2-0_x_ 2_0 = _4-0_0 
w w 

in which w represents the weight in grams abra<le<l per kilogra1n 
of original charge. 

,v-hen the value of the resistance to wear by rubbing is re­
quired, the Dorrey machine is employed. The standard method 
of the French School of Roads and Bridges is as follows : 

i' 

JI 
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The specimens to be tested are cut into rectangular prisms, 4 
cm. by 6 cm. base, and 8 cm. high. They are tested in sets of 
2, and are held in clamps against the upper surface of a circular 
grinding disk of cast iron, on opposite sides of, and 26 cm. from, 
the centre. The specimens are weighted to press against the 
grinding disk, with a pressure of 250 gm. per sq. cm. Sand, 
obtained by crushing quartzite and screening to standard size, is 
fed onto the disk through a funnel, allowing 1 litre of sand, per 
speci1nen, for each 1,000 turns. The disk is rotated at the rate of 
2,000 revolutions per hour, for 2 hour:3, or 4,000 revolutions for a 

test. 
After 2,000 revolutions the specimens are reversed, to take in-

to account a possible difference in texture in the 2 parts. The 
clin1inution in height is measured, and the loss in weight deter­
mined, after each 1,000 turns of the disk. Tests should be macle 
on at least 3 samples of each specimen, and their average 
taken as the final result. Usually the loss in height after 4,000 
revolutions is used in comparing different road stones; and fre­
quently a specimen of some standard rock, as Yvette sandstone, is 
placed on the disk and tested with the other specimens, and the 
reduction in height referred to that of the standard. 

This method has not come into general use in road-material 

laboratories in the United States. 
The Cementatiori Test.-The purpose of the cementation test is 

to obtair1 the relative binding po-,vers of the various stones used in 
road-making. Good binding po,vcr has long been known to road 
builders to be one of the most important properties possessed by 
a satisfactory road stone. If the fine material of a road binds 
well, it protects the coarser stones beneath fron1 wear, \\rithstands 
better the action of ,vincl and rain, and prevents water from get­
ting to the foundation of t he road. Cen1enting power is thus 
seen to be a very important and valuable property of any road 
material. Experiments had been carried on for some five years, 
in t he laboratory of the Massachusetts Highway Commission, to 
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determine some way of testing this important property. The 
test finally adopted was an impact test, to which stone-dust bri­
quettes are subjected. The method in quite general use until 
recently is as follows: 

To make a briquette, dust that is to be tested is passed 
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through a screen with 100 meshes to the linear inch and is ob­
tained either from the detritus of the abrasion test or by specially 
reducing the stone. The reduction can be accomplished by 
placing son1e fragments of the stone in one of the cylinders of the 
abrasion machine together with one or more steel '\\1eights, and 
allowing the machine to run until a sufficient quantity of the 
stone is pulverized. The dust is made into briquettes of circular 
section, 25 mm. in diameter and 25 mm. in height, by placing in a 
n1etal die of proper di1nensions, the dust mixed with only enough 
distilled water to moisten it (about 4 cu. cm.), inserting a closely 
fitting plug on top of the wet dust, and subjecting it to a pressure 
of 100 kilog. per sq. cm. The necessary "'eight of dust varies 
,Yith the density and compressibility of the n1aterial, but gener­
ally it requires about 25 gm. of dust to make a briquette of 
the above cli1nensions. Two weeks are usually allo"ed for the 
briquettes to dry, at the ordinary temperatures of a room. 

Cuts of the machine for testing these briquettes are sho"\\rn in 
Figs. 37 ancl 38. It consists of a 1-kilogram hammer (H), arranged 
like the harr1n1er of a pile driver, on two vertical guides (D). The 
ha1nmer is raised by a screw (C), and dropped automatically from 
any desired height. I t falls on a plunger (B), "rhich rests upon 
the briquette (0) to be tested. The plunger (B) is bolted to 
a crossheacl (G), which is guided by two vertical rods (F). A 
s1nall leYer (J), carrying a pencil (I{) at its free end, is connected 
to the side of the crosshead by a link motion, arranged so that it 
g;i ves a vertical movement to the pencil six times as great as the 
movement of the crosshead. The pencil is pressed against a 
drun1 (A), and its movement is recorded on a slip of paper fast­
ened thereon. The drum is moved automatically through a small 
angle at each stroke of the hammer; in this ,vay a record is ob­
tained of the movement of the hammer after each blow. The 
standard fall of the hammer for a test is 1 cn1., and the blow is 
repeated until the bond of cementation of the material is de­
stroyed. The final blow is easily ascertained; for, '\\·hen the ham-
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mer falls on the plunger, if the 1naterial beneath it can withstand 
the blo"', the plunger rebounds; if not, the plunger stays at the 
point to which it is driven, the elasticity of the material being 

F IG. 39. 

completely destroyed. The automatic recor<l thus obtained 
from each briquette is filed for future reference. The number of 

7 
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hlou·s r('quirc<l to brc'ak the bond of ('C'llH'ntntion, a~ cle:-;C"rihecl 
abo,·c·, is taken as reprc'scn ting the binding po"·cr of t,hc stonf', 
ancl i:-. so used in c·on1paring thi::; propC'rty in cliffcrcnt roacl 

• 111a tcrial:--. 
Considerable difHrulty has brrn cxpcric-1H·rtl in keeping the 

hriqu<'t t<' rigidly in place· und<'r the plunger, f-O that it shouhl not 
h<' :-;uhjPet to lat c-ral n1ovc1nen ls and rornplcx ~tr<'S~<'s u11< ll'r the 
blo\Y:-- of th<' han1n1rr. The usual drYice dcpr.nclrtl upon is n snu1ll 
brass plate fa:-;trn<'d lo thr base of the 1na<'hinc, ,vith a bcYr.llPcl 

Point o! l'olluro 
82 BloW9 

holr :--lightly larger in clian1C't<'r than thr hriqurttc; thiR has 
proYc·d quite un:-;alisfactory, for t hP indt1<·c•cl :--iclc• thrust:-; frP­
qu<'ntly eau::--c' thr lo\YC'r c•clgr of the• hriquPttc to C"run1hl<' n,Yay 
undrr the suc·c·<.•'-siYr blo\\·:--, and failur<' of the test :,;pccinH'll to 
tak<' plac-P unclc•r too :-nnnll n nu1nher of hlO\\'~. 

In th<' laboratory of the' l J. ~- l)cpartn1ent of 1\ grieulturc 
variou:-- elan1pinµ: cleYircs \\·c•rc t ri<'l l nnd rPjrct rd. Finally the 
incl hod \\ ns acluptrd of Hecuring t hl' briqu<'t t <' to t hP hPd plate by 

1n<'nnH of shc•lla('. 
In pr<'paring the' stone' dust forth<' crn1c11tation test, an nuto-

1nat ic :-.crc•Pn, ahoul 100 c•n1. long hy 10 c·n1. in dintn<'trr i:-- usc•1l. 
It con:-;i:.;ts of a cylindC'r n1ount<'cl on hc•nrings at a slight nnglc 
,vith the horizontal, 1nadc of brass \vir<' nc•tting of :2 diff Prrnt 
1neshc•:--, lo and 100 pc'r linC'ar in<'h, rc·~JH'l'ti,c•ly. Into thr uppc•r 
<'Jlll of thr rotating C'ylindc'r l h<' un:-;crc•c11<·d du:-.t i:,:; nuton1atil'all~, 
frd fro1n n hopprr, and in its pas:-.agc· is ::::;iftrd into the• •) :--iz<'H. 
Thr upp<'r rncl of thr <'ylincl<'r r<•:--ts on ,Yh<'rl hc•nri11g~. nn<l on the 
hearing :-;urfn<'C nrr :--eYrrnl ridgl's "hieh lift t hr C"yli1Hler "hcnPYC'I' 
thry pa.::s o,c•r th<' \\'hc•cl:,;. Thi~ :-;hakin~ clc'Yic·r \\'U!-i intro1h1cc•tl 
\Yith the ,ic•\v of preYrnting the finer 1nrl:ihc•s of the ::-erl'Cll fnun 

• 
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clogging. As the apparatus is con1plctely covered, no dust can 
escape into the air. 

The making of the briquettes requires considerable skill and 
"ratchfulness, if the results of the test are to mean anything. The 
amount of water to be applied varies "rith the nature of the 
material, and can be determined only by trial. The object 
sought is to have the V{et dust of the various specimens of the 
same consistency. 1'Tith the sn1all quantities of dust used for 
each briquette, a few drops more or less "·ill vary the consistency 
quite noticeably, and with it, the degree of con1pacting of the 
mixture under the lever compression machine, ,vhich "'ill in­
evitably appear in the variation of the results of the cemcntation 
test. 

\\'hen the fine abraded material of a given specimen is sifted, 
the finest particles pass through first, and "'hat subsequently 
passes is coarser and coarser, until only a few particles of the 
" size of separation " of the sieve \Yill pass. Unless the dust 
which has passed through the sieve is thoroughly mixed, the 
briquettes will give discordant results on a test, the finer material, 
in general, exhibiting greater binding power. 

A ball mill (Fig. 41) has been adopted as the standard for pre­
paring the dust in a uniform manner. I t consists of a flat, circu­
lar, cast-iron chamber containing 2 chilled-steel balls, weighing 
25 lbs. each, and of slightly smaller radius than that of the rim of 
the chamber. One kilogran1 of rock fragments "·hich \"\·ill pass 
through a 6 mm. opening, but not through a 1 n1n1. opening, is 
put in the chamber and rotated for 2½ hours, making 5,000 
revolutions. The ground material is then passed through a 
sieve made of No. 7 silk bolting cloth, ,vith 3 meshes to the milli­
metre, and the briquettes are moulded from the dust passing 
through. 

In moulding briquettes for the cementation test, the "\¥ ashing­
ton laboratory has modified the usual procedure. The fine dust 
is mixed with water and kneaded to the consistency of a stiff 
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dough, which is kept in a closed jar for 24 hours. It is then made 
up in the usual way into briquettes, which are allowed to dry for 
12 hours in the air, and are then placed in a steam bath, where 
they remain for 12 hours. After cooling in a desiccat.or they are 
tested in the customary manner. This modification was sug­
gested by the results of certain experiments which showed that 

F10. 41.- Ball Mill. 

the cementing value increases progressively if the dough n1adc 
from the rock dust is allovvecl to stand for son1e time before being 
n1oulcled; and the increase is greater if the dough had been 

previously \Veil kneaded. 
Tests of many varieties of rock dust show that the n1ore finely 

they are pulverized the higher \vill be their cementing value 
when moulded under pressure, either with or vYithout n1oisture; 
and the greater the pressure the higher the value. Of two sets of 
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briquPt ti· r1111rl1 • \Yi I Ii t ii<' ~.u,tc• roek dust, one rnoulclrd \Yet, the 
nthcr dry

1 
th<' for1111'1' in\'uriahly yiPlclc•d the higher r('.'Ult ; und, 

" ·it lii11 1·1•rtai11 li1,1it s, I h1• llH>J'<• \Yl'l t IH· 111atcrittl t hr highC'r the 
<'t'TIH'llli11g YaluP. 'l'hat this i~ not dnr tn a ch<'111ic·nl chang<' in­
d 111 •pr{ by t h, ... a,·t inn of \\'HI 1·r hn:-- been sho,,·11 by t P:--;t iu~ hriq urt t c~ 
1nad1• of pul'\'l'riz,·d gla~=- niix,,d ,,·it h all'ohul, '"hi<'h yi<'hlC'd likr 
n·:-ult~. It \\'n.., f11r1n1·rl,· thnught that tht>'\Yater addc•cl too. rock . ~ 

dust :1r1,,d 1111·r<'ly n-; n lul,ric-ant to the fin<' pnrticl<•:--, nllo\,·in~ 
thc111 t,l ~lid1' o\'1·1· l'rtt•lt 111 h1·r n1nrc <'asily und<'r pressure, and 
I l111. 1111•rhn11i1·nlly int 1•1·l1wk. 

LT11til quill' r1•1·1•11tl_v tit" e1•n1,.ntntion ,·nluc's hnvc bPPil uh­
tuin,~d liv th◄• 11H·tl1n«l lir~t dc·:-1-rilH·d hl'rc, und 111osl of the-

• 

1'111,li lied n•pnrt-: of ::- u, ·h tn .... (-.: 111t1:-. t hC' read ,,·ith this uncler-
:--tnuding. 

'l'ht• r·1•11u•nlati(111 l<',t a, pr:H·li:--Pd nt prc:-.cnt i:-. not c•ntirPly 
~nlh,rn<· I ,u·>·· ult h11ttgh t ht• n111difif'nl ion~ int rotluc·0d in t h1• \Yash­
i11gt11n l:d111rattnry r·nn-.tilut1• n nntnhli· nlh·a.neP. It i~ cliHieult to 
11htain unif11n11 and l'0111 pnrahl1• rc':--nlt:--; nnd, furthl'I', it \Yould np-
11enl' ,\0--ind,l1• tliut th,· 1·hnrn1·t1T of th<' lt•st spl'<'inu•n ~hould 
nppr,,xinulle, :1,.. n1•arly as 111ay 111· praeti1·uhl1•, thl' enndition of tlie 
111nt~ri11I on th,, r,,nd,Y~I_\'. '!'hi:-: nuty hi' npprnnl'hl'd l1y 1naking; 
l hl• hriq ll<'tl I' nf :t 111i x l 11 l'l' of t lie fill!' d ll:--t. oh t ai necl as u~unl. 
nu,\ a d1•fi11i1 l' , pt:1111 ity (lf ~11n1t• aggrl'gatc·, pr<-ft-rithly <'nar:-Pr 
pnrticl1• · pf th,· ~a,nr -.n1nplc·. sift1•d tn :-0111t' :-tnndnrd de~n'l' nf 
fin<•11r-.-... ' 1111· Jic .. ,t propnrt innal qun11t it jp ... , nn1 I the· ht' t izl' of 
u~r •gfll" 111 bf• u.:f•1 I. 1·a11 111? d1•l1•r111ittPd only aft1 •r nu11H•rou:-­
co1np:1l'nti\'t' e,ru•ri111,·nl..... ' l'hr· :-iz«· uf tlH· tL•-..t :-p(•1·i 11u•n 111ight 
\\·ell he 11u1de larg1•r, tu n·dtH'l' th1· inlhll·11r1' 011 tlic I'P:-ult of ~llu\ll 

ac:cid1..•nlnl d1•f1•tt.., i11 th,· pie1'i'. [l i:- l'lllir1•ly analogou · tn th1· 
lt•-.ting 11f l,riq11('t ll'-- of hydraulit· l'~t11l'llt n1nd1· n,•a(. or '\\'ith th,· 
propPr nd111i:-.:tun• t1f a ... ta11dnrd -.nnd , 1111· lnt1 ·r ci,·ing the llHlf't' 
\'alunble nnd prnf'li('nl i11fonnnlion. 

Furt hPnnur" . .-..incC' the ~urfac·•· of n hrnk1·n-,10111• rnn, I i~ bf"•ing 
('Oil tnnt ly uhrndt'(l. dried, 1uoi ... t1'nPd, nnd J't"r1·11H•Hll'tl. it " ·ottl\l 
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seem to be desirable to also deterrnine the recementing properties 
of the specimens, thus furnishing additional information of 
special practical significance. Formerly this was done in the 
following manner: a set of briquettes of constant weight, instead of 
constant height, was made and tested, and the broken-down 
material was made into a new set of briquettes, and again tested 
to failure. The number of blows in the second case gave the 
value of the recementing power of the fine dust. 

TO'U{Jhness Test. This test is made on 25 mm. by 25 mm. 
rock cylinders, with the impact machine used for testing the 
briquettes of rock dust. Instead, however, of a flat-end plunger 
resting on the test piece, as in the cementation test, a plunger with 
the lo""er-end bearing surface of spherical shape, haYing a radius 
of 1 cm., is used. It can be seen that t he blow as delivered 
through a spherical-encl plunger approximates as nearly as practi­
cable the blows of traffic, and it has the further advantage of not 
requiring great exactness in getting the two bearing surfaces of 
the test piece parallel, as the entire load is applied at one point on 
the upper surface. The test piece is adjusted so that the centre 
of its upper sw·face is tangent to the spherical end of the plunger, 
which is pressed firmly upon the piece by two spiral f4prings SW'­

rounding the plunger guide rods. The cylinder is held to the 
base of the machine by a device which prevents its rebounding 
when a blow is struck by the hammer, which weighs 2 kilos. 
The test consists of a 1 cro. fall of the hammer for the first blow, 
and an increased fall of 1 cm. for each succeeding blo"' until fail­
ure occw·s, the number of blows required to cause failure being 
taken to represent the toughness. The cylindrical test pieces 
may be made with a core saw designed for the purpose. 

Resistance to Crushing. 1'he ultimate compressii·e resistances 
of cubes of the material is determined in the usual man­
ner by subjecting then1 to pressures, and is expressed, g~nerally, 
in pounds per square inch. Briefly described, the crushing test 
is performed by placing a cubical specirnen of the material to 

• 
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be tested on the steel platform of the testing machine, and me­
chanically applying pressure by rneans of a cross-head which is 
made to approach the test piece from above. The total pressure 
applied is determined by noting the number of pounds recorded 

TABLE SHOWING THE QUALITIES OF SO1IE ROAD STONE 

Wear. 

Locality of Quarry. Name of Rock. 
Coeffi- P er 
cient. cent 

Q 
Albany County, N. Y. 

uarries ½ mile north from 
Dun&bach Ferry station 
on N.Y.C.& H.R.R.R. on Hud son river 
s. side of Mohawk river ..... sandstone ... 6.78 5.96 

. 

w 
Chemung County, N. Y. 

'ells Quarry 3 miles west of 
Eltuira, N. Y .............. Chemung grit . . .. 5.82 6.88 

F 
Chenango County, N. Y. 

,om l<dg, 5 mHo, no,tb l 
of Norwich, on farm of 
Loren Cushman, 300 feet Sandstone .. .. ... 6.80 5.88 
west of Norwich and Plym-
outh road No. 112 ....... 

F 
Curtland County, N. Y. 

•rom ledge on farm of 0. G. 
Kellogg, 2½ miles s.e. from Calcareous sand-
Cortland, N. Y ............ stone ........... 7.07 5.65 

Clinton County, N. Y. 
I at ts bur \ h, Clinton I 
county, N. .

1 
Moore's 

i~~!r_"~'. -~~rt~--~~~ _o_f _ ~l~ Clinton blue lime-
stone .......... 6.87 5.82 

p 

ive miles south of Platts-I 
burgh, N. Y., quarry on 

~y::~ .. -~~~ .. ~~ . -~~l~~~ Clinton gray lime-
stone ........... 10.94 3.66 

F 

f:l 
0 ·.:: . 
al "' 
- ;:s i:i-"' ., s;::. 
8 

50 

24 

26 

30 

11 

26 

Where Used. 

Used for top and 
base of section 2 
of Loudon road. 
No. 119, from Al-
bany to Cohoes, 
built during 1903 

l by the State . 

Used during 1901 
for base of 3½ 
mile s o f the 
Southport r o ad 
to the s o u t h 
boundary of New 
York State, built 
by State. 

Used during1902 
for base top 2 
miles of Norwich 
and Plymouth 
road No. 112, 
built by State. 

Used during 1902 
for base of 1 mil e 
of road sou t h 
from Cortland, 
Blodgett's Mill 
road, No. 111, 

s 

built by State. 

Used during 1901 
for base and to 
and filler of I 

mile of 

p 
11 1 

Platts 
d bu r gh an 

Keeseville road 
built by State. 

' Used during 1901 
for base and to 
and filler of 

p 
½ 2 

miles of Platts 
burgh and Kees e­

t ville road, buil 
by State. 
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by the balance<l scale beam at the time of failure. This value, 
divided by the area of the section over which the pressure is dis­
tributed, gives the required quantity, i .e., pounds per square 

inch. 
T he Absorption T est as n1ade by the 11assachusetts State 

High\\·ay Commission consists in taking a s1:1ooth specilnen that 
has been subjected to the impact and abrasion test, and which 
weighs about 40 gn1s. and weighing it in air. It is then immersed 
in water, where it is immediately weighed, and allowed to remain 
for ninety-six how·s, at t he end of which period it is again weighed 
in the water as it is supposed to have become completely satu­
rated. From the recorded weights the absorption is computed 

by the following formula. 
P ounds of -Y.1ater absorbed per cubic foot of stone= 

C- B 
A-BX 62.5 

H ere A= \Veight in air, 
B = " directly after immersion, 
C = " after ninety-six hours. 

The specific gra,rity and \vcight per cubic feet would be obtained 
in the customary \Yay. If a petrographic exarr1inb,tion is re­
quired to classify the rock, a thin section of the specimen is 

taken and studied under the microscope. 
The rocks n1ost commonly used, most nearly satisfying 

the rcquiren1ents of the above tests, and which, from actual ser­
vice, have been sho"rn to be best suited for road-building pur­
poses, are trap, granite, li1nestone, sandstone, fieldstone, and 

shale, in the order of their in1portance . 
I t should be ren1cmbered, ho-y,rever, that in making a selec-

tion, traffic and cost should be studied, and cost of maintenance 

and construction taken into account. 
TRAP is a hard and tough i~neous rock, very fine-grained and 

e1ninently suited to road-building purposes. It \Years \Yrll, and 
yet yields enough dust to make up for that which has been carJ 
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rir·d a,,·ay by ,viucl, rain, or c,thrr causc•s. Thi~ <lust in itself 
po-.-:c~:--CS :--uJH·rior <'<'UH;nting qualities, so that thP indiYiclual 
FtonP urc bon,l<·d tog<·iht>r n:-- thou~h ,,·ith c-PllH'Ht. 

It i:-:, perhaps, the hest road stone that nu1y h<' had, but it is 
f11u11d i11 totnJH1ra.ti,·cly ft•,, di~lriC"ts, so that it i:-: e\.p<'n~i,·e. 
F'n•qttr•nt ly \Yht>rc the eo:--l is PXrC':-.-.iYC' nn infrrior or <"hen per· 
),,<"al rol'k i~ u:-1·1l for n foundution ,, hile n thin layer of trap is 
pla1•Pd on top of thif: to tukc th{· \VC'ar. 

(; it.\ ~\' 1-rE i~ n 11ul.::----iYl' rock, grnn ular in t rxt urP an< l con1po:--ed 
priu<'ipally of quartz, f<·ld:spur, 11ll<'U, and horul>h·nd<'. The 
1,n·:-1'11<•1• of th<· quartz n1ake:-- the roek brittle·, the fl'ldsptu· 
i rr•ndilr d1·(•()1ll)Hl:--('d, \\'hilt· the 1nirtt :-.plit~ cnsily. In :--pitr 
of tl1P:--t• f:u·t-., ht•t·ru1sr of it;-; hardnc•~-.~ it \.\t':tr:-- ,vell, ancl 1nnkr:,; 
:i ~1111d road ~Inn<'. Sye1tit<', ,Yhif'h i:-- 11 fonu of granite ,, it h 
tlil' 11uart1. ali~•·nt. 111ak<·:-: th1· hc•:-.t ::-urfu('ing 11lnt1·rial 

J.1,11-:sTux1:: is fn·qu1·11tly and snti8factoril!· used on roads 
" 'lt"n~ t h1· I ralfic is livht. f,lr it pnS:51'!:iSC.'- ~U JH•rior binding qunli­
l i1•..:; hut it h; t1l'ith11r tough nor hurd, :50 that it i-- t'n-..il)· r<'dUC'<'d 
to a p11\rdt•r to hl' \\n:-;h1•d or hlo,vn n\vny. \ 'pry oft<'n, ho\\'­
t•v•-r, li1111•:- tn111' ,Yill h,· 111ix1·d ,vith oth<1r 11u1t<·ri:1l in \\·hich the 
liind1·1· i.:- ln<·king, to produce its tHore conipl<'tc nud rnpid enu­

• nHd:1l inn. 
~AXn:::;•ru~E consi~ls of n nui.s . .:, of fine grain:::; nf ~ilica hound 

tugc•t her hy :-on1<' c·1·1nr11ting 1notPrinl, and depend~ for its 
::-tr,•nglh upon thl' nalun· nf tlii:-- c·1·1111•nt. l~<'<'all!°'P of it:-- :::.truc­
t urnl ,,·Pakn.-,-.. it i, not n v1•ry snti:-f1\<'lOI'\' road sto1H', a-- it . . 
r,•ndily di:-inlL't!'.l'nl, :-, lenvi11g a 11ut::-:-- 111' loo~l' ~nnd groin~. 

F11-:1.n ~ rt1~i:. 11r eru:--hl'il grav1·l, is C1ft1·n u:-ed oll grnYPl nr 
hrnk •11---tunc rnnd::-. vitlH•r nlotH' or 111ixPcl \\'ilh :--,)n1P othl'r 
111:,terial, and i::: 1•111iu,~ntly :--11ite<l to th1· purpn:-l' prc,Yidt•d tlH• 
::tune i~ lt1Hlecu1npo:::l't.l and u11ifor111 in 1·hnrtH'\f'r. La<'k 11f uni­
fnnnity ,vill, hO\\' l'YCl': produt·t• nn UIH' Yl'll ~urfnc,· nft1·r n little' 

,•:enr. 
~11.1.~t:. \\·hirh i!, an indurutl'd elny, i:- of l \\·o kin,l:::: lh1·nrgilla-
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ceous or clayey shale, and the arenaceous or sanely shale. The 
former is without value, " 'hile the latter is extensively used, 
particularly as a top dressing for stone roads. 

FoR:i.rs OF CONSTRUCTION. There are two general forms of 
construction, surface and trench. The forn1cr name is applied to 
that in which the stone is distributed in a layer ovrr the surface, 

F10. 42.-Excavating and Preparing Roadbed for 1\1acadam Surface. Trench 
Construction. 

and ,vhcrc consolidation usually occurs by means of the traffic. 
I t is not a particularly good way to build broken-stone roa<ls; 
but, on the other hand, the results arc not particularly bad if due 
care is exercised, and it is cheap. 

\'Vith the other form, a trench of proper dimensions is dug 
along the line of high\vay and, after proper grading, rolling, ancl 
other preparation, the broken stone is placed in thii::. The 
advantage of the latter type is that the shoulders keep the stone 
in place, thus preventing spreading. Trench construction is used 
for both macadam and tclford paYe1nents. 
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The transverse profile of the subgrade may be either flat or 
ha Ye the same crovvn as that of the final surface. In the f ormcr 
case the greater amount of material is where the n1ost traffic 
comes, i.e., in the centre of the road, which is claimed to be an 
advantage as it distributes the pressure better. The more gen­
eral practice, however, favors a subgrade parallel to the surface 

and, of course, requires less material. 

~ ~ 
FIG. 43.-1'1acadam Pavement Supported at Sides by Shoulders of Earth, 

Trench Construction. 

In preparing the suhgrade it is better to use a steam roller 
of 10 to 15 tons, ,vith a pressure of 500 lbs. per lineal inch of tire, 
than either a hand or horse roller, as it is quicker, heavier, less 
expensiYe, and secures a more perfect consolidation. 

"\"Vherevcr necessary, subsurface drainage should be installed 
as no amount of rolling ,vill make a satisfactory foundation ~vhere 

the soil is wet or in a position to become so. 

FIG. 44.-Telford with Macadam Surface, Trench Construction. 

THICKNESS OF STONE CovERING. Upon the prepared sub­
grade is spread the broken stone in layers and to a depth depend­
ing upon" the soil, the nature of the stone used, method of repairs, 
and the amount of traffic which the road is expected to have. 
I t should be so thick that the greatest load will not affect the 
foundation. The weight usually comes upon a very small 
part of the surf ace, but is spread over a large area, and the thicker 

, I 

I 

I 

I I 



r 

108 HIGHWAY ENGIXEERIXG 

the crust the more unifor1nly ,vill the load be distributed oYer 
the foundation." 

\\nere the traffic is heavy, naturally a thicker surfacing is 
required than \vhere it is light; if thr stone is easily crushed or 
broken, it is easily blown or washed away, and more metalling is 
needed than if it is hard and tough and capable of ,vithstanding 
the effect of traffic; if the repairs are periodic, larger quantities 

Fro. 45.-Cross-Section of ~lacadam Road Showing Results when Loose Stone 
is Placed on Wet Earth Foundation. 

of stone must be applied at first in order to provide for wear bc­
t"\"\1een periods of repair. 

The Massachusetts Highway Comn1ission "has cstin1ated that 
non-porous soils drained of water, at their "\"\•orst will support 
a load of about four pounds per square inch; and, having in n1ind 
these figures, the thickness of the broken stone has been adjusted 
to the traffic. On a road built of fragn1ents of broken stone the 
downward pressure takes a line at an angle of forty-five degrees 
fro1n the horizontal, and is distributed over an area equal to the 
square of t\vice the depth of the broken stone. I f a division of 
the load, in pounds, at any one point, by the square of t,Yice the 
depth of the stone gives a quotient of four or less, then "'ill the 
road foundation be safe at all seasons of the year. On sand or • 

gravel the pressure may safely be placed at tV11rnty pounds per 
square inch." 
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ployed, it may be broken into rough cubes or pieces of about one 
and oue-half inches in largest face dimensions, and when broken 
to such a size the product of the crusher may generally be used 
to good advantage without the trouble of screening, since dust 
"tailings " and fine stuff do not accumulate in large quantities 
in the breaking of the tougher stone. 

" If only moderate traffic is to be provided for, the harder 
limestones may be broken so the pieces will pass through a 
2 in. ring, though sizes running from 2¼ to 2½ ins. will insure a 
more durable roadway, and if a steam roller be use<l in com­
pacting the 1netal it " rill be brought to a sn1ooth surface without 
much trouble. As a rule, it may be said to adhere closely to a 
size running from 2¼ to 2½ ins. in largest face dimensions, and 
to use care in excluding too large a proportion of small stuff as 
well as all pieces of excessive size will insure a satisfactory and 
durable macadam road." Where the traffic is light a top course 
of stone ½ to 1 in. in size is employed, while for heavier loads 

1 to 2 ins. is used. 
Usually it is recommended to have the stone uniform in size, 

Lut in Massachusetts it is separated into three sizes of½ in., 1 ½ in., 
and 2½ ins . by passing through screens. The larger size is placed 
on the bottom ,vi.th the smaller sizer in successive layers on top. 
The subgracle and each cow'se is rolled separately, and the top 
course watered before rolling. 

L .\.YING. In laying the stone it is probably better to strew it 
over the surface v,ith a shovel than to dump it in heaps frorr1 
carts aud spread it later ,vith forks and rakes. The former 
secw·es a more even distribution of the material, both as to size 
and quality, though it costs more. 

The layers should be about four to five inches thick, depend­
ing upon the final thickness of the road, and rolling should be 
continued until each course is thoroughly consolidated. Under 
ordinary circumstances this ,vill result when the course has been 
reduced from twenty to thirty per cent, but the standard of 
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judgment should be not the percentage of reduction, but the 
firmness of the pavement. 

RoLLI~G. The amount of rolling depends upon several 
factors, such as weight of roller, size and hardness of stone, 
amount of binder and water used, nature of binder, etc. 1V11ere 

Fio. 46.-First Course of Stone on a 1Iacadam Road as it Appears '"hen 
Ready for Rolling. 

the binder is freely used together with an abundance of ,Yater, 
consolidation results more quickly than otherwise, but it is not 
as satisfactory as if less binder and more water were used with 
more rolling. 

Hard stone requires more rolling than soft. 

F1G. 47.-First Course of Stone Partially Rolled, Showing how the Roller 
Packs it. 

In all cases rolling should proceed f ro1n the sides toward the 
centre so as to preclude the possibility of the stone thinning out 
at the edges, and the rolling at the sides should be completed 
before the roller proceeds toward the centre. Wetting the stone 
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during this process hastens the consolidation, " decreases crush­
ing under the roller, and assists the filling of the voids with the 

binder." 
THE PINDER may be screenings of trap, limestone, sandstone. 

shale, clay, or loam. It is applied to each successive layer, and 
liberally sprinkled with water for the purpose of producing the 
more complete consolidation of each course. 

,,r1DTH. In Massachusetts the standard width of metalling is 
fifteen feet with shoulders of three feet at each side shaped to the 
same cross-section. Where the traffic is excessive these shoulders 
are covered with gravel, but otherwise the natural soil is used. 
Ten and twelve feet have been used, but the former has been 

F1G. 48.-First Course Thoroughly Rolled. Small Stones, Gravel, Dirt, or 
Sand, if Present, Prevent Such a Complete Consolidation. 

found to be unecono1nical except under very light traffic. In 
Ne\v J ersey, the width varies bet\\·een 9 and 16 ft., though the 

more common width is 10 to 12 ft. 
The width of a stone road depends upon the amount of 

traffic, and is an important question to decide, as the stone is ex­
pensive. Frequently to save expense the central portion will be 
paved with the telford or 1nacadam where the most travel 
comes, and wings will be e1nploycd at the sides to take the lighter 
traffic and to pern1it of turning out. These \\rings arc part of the 
stone pavement, but of a less thickness, and ,,~thout the founda­
tion of cobble where telford is used. Beyond these ,Yings there 
may be shoulders, or, if the ,vings are not present, the shoulders 
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arc placed next the pavement, serving the pw·posc not only of 
holding the stone in place, but providing room for turning out as 

well. 
CRoss-SECTIOK. The form of the profile may be either the 

intersection of t\VO planes at the centre of the roadway or a 
curve in the forn1 of a circle, ellipse, or parabola. 

In the former case the ordinates are proportional to the 
distance from the centre; in the latter, or where the parabolic 
curve is employed, the ordinates are proportional to the square 
of the distance fron1 the centre. The follo"ring rule 1nay also be 
used: " Divide the road\\·ay into 3 equal parts, and starting fron1 
the centre give a fall of .03 ft. per ft. for the 1st part, .04 ft. per ft. 
for the 2d, and .05 ft. per ft. for the 3d. If the roadway is Yery 
wide, divide the ½ roacl,Yay into 4 parts, giYing a fall of .02, .03, 
04, and .05 ft. per ft. to the respectiYe sections. If the road\\'ay 
is narrow, divide the½ into 2 parts, and giYe falls of .04 and .05 
ft. per ft. to the 2 sections respectively." 

CRo,YN. Tl1e amount of cro\\'11 "·ill Yary bet\\·een a slope of 
1 in 12 and a slope of 1 in 40, depending upon the n1ethocl of 
making repairs, the longitudinal grade, and the width of roadv:ay 
,VherC' the roadway i,.-; Yery wide, a smaller cro\\·n should be 
given to avoid an excessive risr at the crntre with the consequent 
high velocities of surface waters. If at the same ti1nc the re­
pairs arc made continuou~ly, a n1ini1num crown \\rill satisfactorily 
care for the ,Yater falling on the paYen1ent. This, ho,veYer, 
shoulcl ncYcr be less than the above minin1um ratio. ,,rhere the 
road is narrow, the cro~·n n1ay bC' legitimately increased " ·ithout 
fear of the surface waters damaging the roadway, ancl if alon~ 
with this the repairs are n1ade periodically, the maxi1nun1 may 
be reached. ,\There repairs arc periodic a greater thickness of 
metalling is given at the centre, to allow for the ,vear during the 
intervals between which repairs are n1ade. 

The effect of grade upon crown is shown in the following table 

from the Rhode Islan<l R eport: 
8 

I 
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Longitudinal Slope. Transverse Slope. 

½ to 4 per cent .................... . ............... 1 in 25 
4 to 6 per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 in 20 
6 to 9 per cent ..... ............................ .. 1 in 12½ 

Repairs and Maintenance. "Repairs of stone roads should 
begin the day they arc opened to traffic, as the attention they 
receive the first few months of use determines their usefulness 
and length of life." 

Long experience having proYen that the best results are ob­
tained at a less cost by a system of continuous small repairs, the 
~Iassachusetts Highway Con1mission has adopted this n1ethocl 
of maintaining that State's high,vays. The cost is equally 
divided between the roadway proper and the sides. 

The durability of roads depends wholly upon the po,rer of the 
n1aterials of \\·hich they are composed to resist those natural and 
artificial forces which are constantly acting to destroy then1. 
The fragments of which they are constructed arc liable to he 
attacked in cold climates by frost, and in all cli1nates by ,vat er 
and wind. If composed of stone or gravel, the particlrs arc con­
stantly grinding against each other and being exposed to the 
in1pact of the tires of vehicles and the feet of animals. At­
n1ospheric agencies are also at \York decomposing and disinte­
grating the material. It is obviously necessary, therefore, that 
great care be exercised in selecting for the surf acing of roads 
those stones which are less liable to be destroyed or decomposrcl 
by these physical, dynamical, and chemical forces. 

The destructive agents of stone roads are wind, rain, frost, 
horses' hoofs, and wagon wheels. The following is abstracted 
fro1n a report on Repairs of Macadam Roads by E. G. Harrison 
made to the Department of Agriculture, U. S. A. 

The neglect of repairs to public roads is very poor economy. 
\\7ith the greatest possible care an earth roadbed cannot be madr 
strictly uniform as to solidity, and heavy loads passing over the 
crust formed by the stones ,vill press some of the stones into soft 
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places in the earth bed, and this in tin1e will cause a defect on the 
surface of the roa<l. A very slight depression will at first appear, 
which may be detected only after a rain (by the water which will 
remain for son1e time in the depression). If this depression is 
permitted to remain it will soon become deeper and broader. 
As the wagon wheels go in and out of it they grind out the stone 
softened by water, and cut down the sides, so that what was at 
first a slight depression soon becomes a hole. Such neglect 
causes subsequent repair to be expensive. 

CAUSES WHICH 1"1AKE REPAIRING NECESSARY 

It will be well to consider some of the causes which 1nake re­
pairing necessary, so that they n1ay be avoided or removed as 
far as possible. They are: 

(1) Defective construction of earth bed. 
(2) Failure to cut off underground ~,ater by drainage. 
(3) Rain or storm water which is permitted to lie in pools 

along the roadsides or in side ditches which do not carry the 
water from the road. 

( 4) The side slope being insufficient to carry the storn1 water 
from the road to the side ditches. 

(5) The longitudinal grade of the road being greater than the 
slope from centre to sides. 

(6) The formation of ruts. 
(7) RaYclling, or picking up loose stone. 
(8) Surface stone not of proper quality and not uniform. 
(9) Roadbed not sufficiently compacted. 
(10) Accun1ulation of trash or rubbish on the road. 
These causes will now be considered and remedies suggested: 
(1) Defective construction of the roadbed results in a sub-

grade which has not been thoroughly compacte<l, but contains 
spots of soft earth. This soft earth should be removed and re­
placed by other earth, so as to n1ake the whole roadbed surface as 
uniform as possible. If this is not done, heavily loaded teams 

I 

,1 

I I 
I 
I 

\1 
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passing over the finished road \\rill press the stones down into the 
soft places, making clepressions in the sw·f ace of the road which 
"rill be filled with "·ater dw·ing rains. The \\rater will afterward 
prrcolate through the stone bed, making the earth still softer, 
and the depression will soon become greater. The remedy in this 
case must be applied to the roaclbed itself, for after the stone 
has been put in place defects in the roadbed cannot be cured. 

"'\\7berever a depression large enough to hold a shovel of broken 
stone appears in the surf ace of the finished road the loose ma­
terial found in the hole should be taken out, the hole filled with 
new stone broken to a size not larger than one and one-half inches, 
and material taken from the hole spread over the broken-stone 
surface for a binding. I t should then be compacted by ramming 
or rolling until it is n1acle to correspond to the rest of the road 
surf ace. The broken stone should in no case be left lying loose, 
for this allo,Ys the storm water to pass through, and the earth 
continues to soften ; n1oreover, many of the loose stones would 
be scattered over the road sw·f ace and would become not only 
bad for horses' feet and damaging to wagons, but uncon1f ortable 
for those "cyho ric.le. Loose stone on a hard stone surface loosens 
the other stones when loaded teams pass over them. 

(2) :t\lany roadbeds become soft and irregular, because the 
underground water "·as not cut off by drains ,vhen the road "·as 
constructed. This is one of the principal sow·ces of the many 
defects in roads which cause depressions and ruts. To remedy 
this defect, tile or stone drains should be placed a short distance_ 
fron1 the roadbed on the side nearest to where the springs arr 
supposed to have their source. If it is uncertain on which sic.le 
of the road the springs rise, drains should be placed on both sides 
at sufficient depth to cut off the underground \\'ater. "\\11en 
"·ater is permitted to pass under the roadbed, as soon as it strikes 
soft earth or sand it rises by capillary attraction to the surface 
and softens the earth bed. :\Iuch of the cost of road repairs 
rould be sa,·ed by proper attention to drainage. 
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(::) 1'110I of ,vtd l'I' ::-hould 111•,·1•r t,,, all(l\\'<•d t n n·111nin ulon~ 
the roa,l id,· or in th<· ilitf'l1<• ; tht• latt,•r :-hnulil nh,a:v~ h1• kc•pt, 
OJllll and r•lf•ur,." thHl 1dl. tunn \\'Ht1•r 111oy pa-..::; tn th<· ll<'Ur<1::t 

11nturul \\'at1•1 ,vHy. 'l'h1· :-urfa<'· l)H th<· :--i1h'-.. nf the pnvl'd roucl­
,,·ny ~h, uld al\\ll}'R h,· k••J1l nl propPr :-l11p1· to C'nrry \\'aler to ~idl' 
dit cl11 "· n11d nn holP or 11h ·t I ucl ion~ nf nny kind nllo\\'t•d lo :top 
tli<' frt•"' 1,:1 -.ngl' nf \\':ll••J' fr11111 I h1• 1·n111l lo I hl' idP ditc-lH·~. 
\\'at ·r in pool:,; :tlr111g tlu• r11nd ,viii :-nfl<'ll tlu· 1·artli. and n1uc·h of 
it \\'ill pi dn,,n until it ·u1111• to a hard. trntu111 and ,,·ill thPn 
tollcn\' th,• dip c1f thP :--tnttu111, \\'hi1•h 1n:1y (nk1• it u11d1·r thP :-tone 

<:Oll"itl'Ul'ti1111. ,,·l11 1rP it \\'ill 11,·L in th•· :-:u111· \\',ty a..:: ,,·att·r front 
sprill~ti. Hy prup,·r al trnl ion this <':tll:-lt' 11f rcpnir ean <·n ily be 
a, nit ll-CI. 

( l) \\'hr11 sl<•ne f'l)JLd t-11rf:H'<' ha~ 11ot hf't>ll <·nn:-trllt'll'd '\Yitl1 
... utlil'i1•11t :--l11pP 111' grn• J,, frn111 f'l'll\\'ll to sid<' dil !'lu•-.., ~n thnt nll th<' 
l >r1n \\'Hll'r d11r 11ol pa._, off quirkly. l ,ut l'f'Jnnins in th,· :--light 

dt•l)JT~io11s unrl ,,·11gn11 lrn,•ki, tlu• ron,l :--urfal't' \\'ill li<'co1ne :--nft 
nn•l ,.,.ill \\'1•11r 11111n' Pn--ilv. l >il't \\'hi,·h i:.-i 1·t\1Ti1·d on hr ,val!on . .. ... 

,,·hel•l ,,ill nl~o 101nni11 a11d a1·1·t11nulnt1• ,vh1·11 th1•n· is 1101 • uf-
ficit111l grade Io 1•u1Ty it nff \\ it Ii rninfnll.-. 'l'h,• rP11u•d~· is tn plnt·L' 
rnough tour i11 th1• 1•1·11trC' of the rnad tn !..!:i,•1• it th1• rPqtrin•d 
• lopL' ,,r gradP, \\ lti1·h ~houl, I 11Pv1'r IH· },•::-::- t11an 11nc-hnlf in,·h tu 
thr ft}ot. r•111f' houlcl h1' lakeo In keep th1•, nrth :--urftu·1· h,·t"·r•c·n 
tht 1netul c< n t111rtio11 u11d Lhe c;.idt clitl'ht-: of th1• :-a111t grad,·, if 
p --~i blr, aud in no cn--l' of IP. 8 grad,,. 

(.1) \\'h,·n llH' 1011¢.tu«linul v;ra.\1• i grPull'r thau th,• lop1• 

fro1n cP11tr" ol l'tUHI tu. iclc- ditche . the \\'Ht r iron, rni11ston11-.. and 
1neltin~ 110\\' "ill frillo\Y l hr 1nrtnl t'OH~ truet ion \\'ith the• ru11 of 
thl rna l. incrc1 ing in ,1unntity nnd fore u1•t·ording tu the lenc:t h 
of the ~rude, Pnu~inn \\'U::-ht: i11 the rnacl u1 f1ir•e. 

1 t j belt r to con lrt1ct n roucl vn u gra ,~ not ex<' !{'{ling :1 ft. 
t,c: the huntln. i, nn l then the lop ran lJ · 111n le n l-.r i per r •nt. 
13ut th "re nrc "fi. 1.: ... \\'hrrc it i::- not prnt l i1•a l t-0 chnng" t hC' grade 
of the rood n..-. to re luc,, it to 0 per cent. rlnd the r ad cn1H1ol I> 
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relaid so as to avoid the steep grade. In such cases the best 
possible remedy n1ust be applied. To take the water from the 
metal construction, a cut or depression can be made at certain 
intervals, starting at about two feet from the cro"'ll of the road 
and running diagonally with the grade to the side ditches, widen­
ing and deepening as it gets near to the side ditches. It need not 
be so deep as to inconvenience the travel, but deep enough to 
carry off the storm water. The greater the grade the more cuts 

will be required. 
(6) Ruts are generally formed by the use of narrow tires on 

wagons carrying heavy loads. They are more easily forn1ed 
when the road surface is soft, but narrow tires with heavy loads 
will cut out the stone an<l form ruts on the hardest surface, par­
ticularly on narrow roadbeds. A two-inch tire soon wears a"·ay 
on the sides so as to become only one inch wide on the bearing 
surface, and the whole weight of wagon and load is supported on 
about four square inches bearing on the road sw·face. vVhen 
in motion it tears away the stone, making holes and forming ruts 
when allowed to run in the same tracks-a condition which can­
not well be avoided on narrow roads. The ruts deepen and 
harden by use, and the horses, finding less resistance to the wheels 
in the ruts, "rill walk so as to get the wheels to follow the ruts. 
v\Ticle tires will greatly prevent ruts, but even wide tires will 
make ruts if allowed to run continuallv in one track . ., 

In order to distribute travel over the road so as to prevent 
the forrr1ation of ruts, this plan is recommended: 

Have a double-tree made of such length that the ends will be 
in line with the \vagon wheels. The single-trees to which the 
traces are hitched being attached to the ends of the double-tree 
will bring the horses directly in line with the wagon wheels, and 
the wheels will follow the horse and pass over the road where he 
steps. As the horse will not walk in a rut nor go into a hole un­
less compelled, the wagon wheels also will avoid them. If the 
horses' sharpened shoes should loosen any stones, the wide 



tirr· 11f tht• ,vngo11 \\·li,·c·ls fnllo"·illg liin1 \\'ill rnll tlH•nl intn 

plal'C again. 
1\notlu~r plnn tn l'n•,·c·nt rut-i, and nt tlH• :::tlllH' tin1P to iin­

J)J'OVt' t l11• rond l>y llr.i<', j ... to 111nkt• t h1• 11.xlP-t l'l'<'S oft hP ,vngu11 of 
diff,•rP11L IPu~t h., . o t lint t hr \\'h<.:1·1:-- oil thr· front axle- ,,·ill not 
bP fol111,,,~d l,_v tho 1· or1 1111· rvnr nxlc•. 

(7) HavPlli11~ 111· pil'ki11g up Inn;-,<' ~tn111•s is 111udP pn,::ililc h~· 
the 111oi~l 11rr l,ci11g 1ak1•n fro11i I h" l1i11di11g 111nt1·rial. 'l'hP :--tune•~ 
011 tl11· 811rfa,·1' of t In.: 1\i:H.l IH'l'1)rt1t· loo~<· n11tl an• l'tl:-ily di1::-plt1t·c1 l 
but Ii I y I he• lt11r:--<'8 · hn1· pic·king t IH·111 lip and by t hi' ,,•lH•(•ls. 
'I his can I " 1·,·r11r•dit d 1 ►11ly liy npplyin~ ,,•nl1·r tot hl' r11nd :--urfar.l', 
b11t, H ii happ1•11~ i11 dry, hot \\'1•:itl11·t', th1· \\'H(Pr ,vhPll applic•il 
t)Ouu r•vnpontt•·s, a11d \\'at,•ring 1111 1·nu11try r< 1nd:-. is t'XJH·11~i,·1·. 
If tl11' lengthc-ru .. d d11uhlt•-ln 1t:.-, l11·fon· 111cntio11t•d urP u:-cd \Yith 
,,idt• tire: th· ,vhf•el. \\'ill pork i11tn th1· rondh1·d us (h1•y pns" 
, \'f'I' t hcrn the 1," e :-ilon1•s pit·kt·d up by tlH· h11r:-;r-:.;. 

It i~ th,· light lravc•l, pnrti<'ulnrly \\'ith otH' hors,·. thnl cnu,~--
111u1·h 11f th,· di~plnc.:l'lllf"Ht 11f. urf:u·1• :::l(ltH'!-i iu dry t i111<•:.;, nllcl t hc•r • 
s C'tns lo l1f' nu "':ty to avoid it. \\~lu~n :--prinklin~ i:-: loo 1·xpt•n-

iv1.: a light coat of grn ,·,·ll)' ::und 1>!' t')ay ~f.\ ,·,·I 111:iy h1• npplic·d 
,vith good Pfft ·t, ns it "·ill r lnn• thl· liindin~. 'I'hi.:: !-hould lu'! 
"·~ll roHL•d l" IH'<I t hi-• alrC"ndy loo:--t . l11tu1

• Clny 1•nrlli ~ltuuld 
llf'\"t'r l,p u "'1, ns it \\'1ll 11il'k up tlH• :--lo11r- \\'h1'1'1' \\'Pt. 

\\1h"H ,,•1~r it i" prfl•'I i1•nl>IC', :-lOtH' rtJarl:-; 1::,hould ha VP nn PUl't h 
r gruvf'l 1·on1.h,·ay 1Jll ,•nch. id,· of t h1·. lone• 1·c111:slrlll'tion. or 11( 

ll nst on on,· idC'. ·r1tis "·n ahruy, d1111•· i11 t ht· early c·1111:-t rlH'­

t.ion of 1nncadn1n turnpikP l'Oad-. in l't•nu yl,·nniu. 'l'h1•y to1,k 
th1.: nnrnc cf'' u1n1n,·r roach~:· frorn lhr:- fact lhttt tlH'Y "·c·n• prr'­
ferr:-tl r r light tn1,,·I in dry ,,·cnther and du1i11g lh,· tu111nPr 
n1onth . 'C'hi~ --fl\'1 the ~tou•· rnad fro1n 111url1 dn111nge hy 
m,·el1in~. Hoa i· con truct,~1 in thi~ n1an111•r nrP 111uch le:-. PX­

p n,i,· to nulintai11. uud it \\~ill br· found t hnl th.-1 11:x-t ra c·o I for 
tii l1" n1n l, ,,;u !){' thn Ill ,t "C 1101nicul \\'fiY lo pr "'-Crve the tonr­
r n I con truclion. 
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(8) Much of the general repair to stone roads is due to the 
stone used for surface being of an inferior quality. The sedi­
mentary stones are often used, such as li1nestone, shale, slate, 
sandstone, mica schist, and many stratified stones. Some of 
these kinds of stone will dissolve when exposed to rain "''ater 
followed by heat, and some are disrupted by frost because they 
absorb water. Whenever it is possible, none other than igneous 
or volcanic stone should be used for surfacing. The sedimentary 
stone above mentioned and others of like kind can be used in the 
foundation, but the surface stone should be hard and tough. It 
should wear smooth and not be liable to crush. 1"\nat is now 
generally known as trap rock is to be preferred when it can be 

obtained. 
Limestone is found generally throughout this country. The 

harder kind of limestone, that which contains much silica or crys­
tallized matter, is the best. The soft limestone should not be 
used, as it soon grinds into dust or dissolves by action of water 
and air. "\iVhatever kind of stone is used should be as far as pos­
sible of a uniform character. It is the hard and soft stones placed 
on the surface together that cause roughness and holes. 

(9) The material for the road may all be of the proper kind, 
but if this material is not put together properly the road "~11 be 
expensive to maintain. The material should be put on in layers 
and thoroughly compacted by repeated rolling of each cow·se, 
so that when finished it will be imperYious to water. 

A stone road properly constructed "'ill not soften after rains 
or be disturbed by freezing. The water ,vill be cast off at right 
angles to the centre of the road to the side ditches, and the road 
surface will only need repairing where the stone wears a"·ay 
legitin1ately under the wheels of the wagons and the horses' 
feet. i1aintenance solely from these causes "rill not be found 

costly. 
(10) The road surface should be kept clean. A road surface 

dirty from wear and from dirt brought on by wheels from clay 



rond ,r frl)Jll ll'a\'CS 111• tra:;h of any !,ind, ,Yhi('li tl l' t' nlln,,·c·d to 
r 111ni11 ::,11 t lit•. 111 fne1·, :-1u1u b1•gi11, t n "1·ar and Io ht• in nPc·d of 
r<·pair. ' l'he du t fron, \Yenr i:- oft1•11 hlo,v11 ufl·. hut 11111y b1· found 
in ,•.-,11 id~rnhlt' q11a11tit i, in ,.,J11·lt<'n'd phH'l'"· If alln\\·c·d to 
rr,11111i11, rniu t11r11~ it i11l1) 11,ud. a11d t h1· :--111111· bl'd ,viii h1· sofl rnt•d 
:1nd ruts and di11•h1•,-, f11r1111d. It ,,·ill 111' found 1•1·u1111111ic·nl In 

hnvf' all ,,n1rplu"' dirt n'lllP\'1><1. It dt)r:- t111t 1·1,sl 111u<'h if nttc•111ll'd 
l<• 1 •ro111pl ly. 'l'h,· dry du,t <':tll l 11· n 1 11H1\1 l'd li_v :-\\'l'l'ptug. nnd 
tht> dirt nnd 1nud l,y :-1•rupi11g \\'illi hoe-... ~lll'h 111nll'rial i::- :--o 
niix"d \Yith dl'11ppinA:-- (If h111':-f'~ t hnt ii c•t111tui11s C"on:-idPruhl1· 
f[•rtilizinµ; 111:\llf'r a11d e!tn fr,·•1ue11tly In' ~old f11r P11ou_gh tn 
pny for H\\f'l'ping, <·raping. t11 11l n·1111,,·nl. 1\ c·l1•n11 r11nd i::-- not 
,11dy ianpl,rln11t

1 
1-<·on,11lli,·nlly 1•1111-..id1'n'cl. hut it add-.. gr1·nt ly 111 

I hr ('0111f,1rt ni t ht,, ... \\·ho tt--•· t lu• 1·11n,I. Hond-. nn· 1•011::-it ruc·lPtl 
1111d 111aint1iin,~d for the 1'1H11f11rl n. ,,·,·II ns the JH•1·u11inry hc·n<'fil 
,,r I ho:o;L' \\ ho U,.,f' I he1n. 

\\ ind ll'tHls t, n·1110,•f• t!H• du,t fn,111 t ht• surfn<'l', n.nd fro111 
brt \\'''I\ th<.· !-il()llf' ... , \\ hi,·h. ir lt•it I l11·n· in n1>t l oo <'Xl'l"'-..:-,ivc 

n111ol11 t , prut, ,·t tl,,, --t111lf• fru1n tr11f111· n11d dot .. not i11c•11J1\'\'lli-

,,111 'l' I rn, l 1lt•1 . 
Hn1n i11 ,•:x,•p~, 1·(•1111,,· :-- th,· lii11d1·r 111· :--uft11n~ it. ~o thnt it 

I "'i.: it funl..'.l ion of b, 11tdi11~ I h1· :-.I 11111•-. l nt?PI hrr. 
l'rn t hl n \'(':) t lu· road. <_•u11,t':- 1•rn"k:-:, n11d produ,·1"'-. 111utl 

,, h ll It a, in~ 1 hr• gr, •und. 
l lol'h 'he ,f,., nnd \\'ngon ,vhPPlR h11th abrnd1• and hn·nk th" 

ti.Jill'. '!'hi:; a1·t ion i~ \'f'ry 111111•'1 111111 f' pro111Jlll11•f•d ,vlu--rr the· 
hiudrr p ·rtnit th !',,ton l{J 1110,''". n 1h1•y llH'll roll or1t• up1)n 
d1,• ot h r, a11-.i11g \\'l nr, or hf'eo111.- lo ,fl nnd or£' 1·ru,lied 011 th · 
!-!Urfn l'. ·ro r<.> .... ; t thi" n lurrd and tough tone un1..:t 111· ._,,JPCt\~d 

\\it h nn xrC'llrnt bincl~r. 
l I ,rs ' hoof,., t c-nd to loc, .. ,•n t hr J n vr1n<'ut 1nu tcrin 11 y by 

pif'kiug up or cli--ploc1ng thP tour-~. I ,artit•ulnrly, 11 t rp grad"~­
l li1f' of tht· chie1 our"e,-; of trouble.• i '· rn ,·Piling.'' i.e., t hr 
sl'ning of thr f-ton, . and thf' c-ou~l'qtH'nl ralll'ring of the 
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loose fragments over the surface. On lightly travelled ways 
this ravelling is more likely to occur than on roads with heavy 
traffic. Various expedients have been adopted, but " the only 
remedy which gives any degree of satisfaction is to sprinkle sand 
over the sw·face as often as needed. This coating of sand is only 
a small fraction of an inch in thickness and spread over a width 
of about eight feet in the centre of the roadway." Roads that 
are exposed to the action of t he \\'ind may require such treat­

ment several times a year. 
Water is also sometimes use<l, or a sw·facing of gravel or 

fine stone may be applied. 
To remedy ruts or depressions, heaps of stone should be 

kept at the roadside for immediate application. Ruts, next to 
ravelling, require more attention than any other factor in main­
tenance. These may be caused by heavy loads, narrow tires, 
tracking, etc., but should be corrected by filling in with new 
material, rather finer than the original and containing an excess 

of good binder. 
It is not considered a good plan to coat a long length of road 

with material at once, because, if this is done, vehicles avoid 
going over the macadam, and thus prevent it from co!lsoliclating 
quickly. If short lengths only of the road are put under repair, 
the drivers find it more troublesome to be constantly avoiding 
them than to keep straight on their course, and thus the material 

is made to bind much sooner. 
After April and in summer, or the dry months of the year, all 

loose stones should be removed from the road, for, if allowed to 
remain, \vhecls passing over them loosen the material on which 
those stones rest, and thus cause 1nuch dan1age to the surf ace 

of the road. 
The proper maintenance of a road consists in keeping the 

surface always smooth for traffic and in taking care that the 
thickness of the macadam is not unduly diminished by wear. 
A road may be smooth on the surface, but, if the material is 



"•1Lrly \\'Orll a,,·ny, it l'nl\nnt lu· eon~i1l1•n·d tn huvt• h1•cn prnpl·rly 
111ai11tuin,·cl. '1'11 kPcp tl road i11 nn 1•flil'i1·11t 111nn11t·r unrea ing 
Yigiliu11·1" i. n•q11in•d. Hut~ aud hullo\\·~ :-:huuld ht· at once· fi lled 
in ,vith 11HH'ud:u11, nn,l all \\'f•nk pltu·c., n ... ::::non n" uh~l'r,·,•11 tr<'nted 
i1nilurlv. 

~ 

"\ co11H111111 iault i~ tn put too gl'C'at a t hi1·knc,s of ~tunl' do\\·n 
nt 011<·1•. l\•niold ~:iy~: 

1• It is ont• of l lif' gr,·utt•. t 1ni tnkl•,., in roud111akin~ that <'an ht• 
cn111111itt('d to lny on thi<'k <'11at of 111atcrial~. nn,l ,vhl'n u11d1•r-

tr11ocl it ,,ill no l1111g1•r ht> rP:-o rtc·d t11. lf thl'l'I' he ~uh~tn1H·c· 
ennugh n.l re:11 ly i II I h« · r« ,nd, \\·hi(•h. ind r•1 ·1 l. :-hnulll n hYny~ Ii<' c·nr1·­
f ull y k1•1 ,t up, it ,vill 111•vc1· ht• ri~ht tn put n11 111on· t lia11 a :-tooc.':,: 
t hirk1tt~, nt n I itnl'. J\ 1•11hi<' ynrd, 11ie1·ly pH·pan·d and hrnk1•n 
(r'l an cl is11111•rfi1•inl. ,,·i ll ht- quit,· 1'n11ugh fnr n ennl , nnd ,Yill h1• 
f,11111'1 to lnsl ns !ll11g 11.-- douhlt> thl' quu11tily put ou unpn·J11\red 
1\nd in l l1ick layr•rl'-l. ' l'hl'l'f' i~ 1111 grinding tu pi1•e1'" \Yl1<·n so 
npplie l : thL· ~ln1.d1~::i tlrt' pre:-i1'1'\1r•d nnd th<· 11111(1'rinl j.., out of .:,ight 
nnd i111·, 1·pora1 f•c\ i11 a v1.•t')' lit t l1• I itn,•. l:..t1t·h ,to1u· lH•c·,>nH•s tix1·d 
dirPctly nud k,'L'J):- it plal'r. thl'n~Ly ,•,('upin!! tlH· \\'t'nr nnd fr1'l­
tit1l! \\ ltic-h tJ •f•ur in the ol h,•r 1°n f'." 

Ii', ,r rrpaiJ"R of t hi 11nt ur~. \\'lH·n·, in iart. t h1• llH'l'l' !--t1l'fnc1• of 
the rund only i. ought \1) ht· J1t1l i11 nnlt•r, tiri l,inilin~ 111nt1·riul j;; 

ll"'f'd or nccL-. •,.ary. 'I'h,• \\·h,~,-.1 ... 11f th, .. enrriagr·.-. gradually pu,h 
the ton(',<; into tlv•ir pln1·1•~. und 111nkP thc-111 l,ind ,vith the uld 
n1ntl·riol on th<' rond. ~(lillf' 1·n~i11rrr:- al'(' of opininu th11t nn 
1nnca,lnn1 ~h uld he laid do,,·11, lio\\·,•,•t~r thin th1 ' <'Patiug 111ny ht·, 
"'ithout th~ urft{cp of th<· rrind \,, i11g roue;l1t•111'd " ·i th :l l'i<·k. 
'1hr·rr i:- 11n doubt thnt thi-.. tt·n<b tn 111:lkr the nr•\\' 1nntr1 rial hind 
,,·ith thC' old niut>h nu11,·r, hut, nu lhf• t th('r lun1d, it t,·11d, to 
dh,turb null to" Pfikl'n l hP cru:--t if it. hould he YPrv t hiu. 

l•'or 1nor rxt •n-.i ,·t• rrpnir.,, i .. , ,,·hl'll I\ road ha b,•e11 allt1\\·t1d 
t I econ1r· ,·,·r~• thin, n11d it i uece. '\ury thnt u c1.;,n,idernl,I • thi1·k­
nc of 111nl •rial :shoul l be lnid ,_in, thl' road 111u,t hr "·hut )lue­
adun1 trrin('{l "lifu~:l/' or hr ,ken ,,·i th fl pi<·k lo l he depth , ,i l\\', 

• 
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or three inches, and all large stones must be thrown aside to be 
broken to the required dimension. A thin layer of new macadan1 
must now be added, and the road rolled. It will usually be found 
that no binding material v.'ill be necessary. When this layer has 
become consolidated, another, t"·o or three inches thick, should 
be laid down and again rolled, and so on until the desired thick­
ness of material for the road has been obtained. 

Niacadam objected to the use of any binding material, such 
as gravel, sand, chalk, etc., being used with the view to help the 
macadam to bind, but the aln1ost uniYersal practice now 
is to sprinkle son1e such material over the macadam before 
rolling it. 

No road should be lifted unless it has been softened v.rith rain, 
and there is plenty of \Yater to finish the ,vork of reformation. 
To lift and ren1ake a road in dry sun1mer weather should not be 
attempted. The work should be deferred to the later months of 
the year, but not too late, lest frosts should set in. Some engi­
neers consider October the best month in the year for lifting a 
road, so that the material may be sifted and sorted \Yhen dry, and 
be consolidated in November and December. 

"No addition of materials is to be brought upon a road un­
less, in any part of it, it be found that there is not a quantity of 
clean stone equal to 10 ins. in thickness. 

" The stone already in the road is to be loosened and broken 
up, so that no piece shall exceed 6 oz. in weight. 

" The road is then to be laid as flat as possible. A rise of 3 
ins. from the centre to the side is sufficient for a road 30 ft. 
wide. 

"The stones when loosened in the road are to be gathered 
off by means of a strong, heavy rake, v.·ith teeth 2½ ins. in length, 
to the side of the road and there broken, and on no account are 
stones to be broken on the road. 

"\\Then the great stones have been removed and none left in 
the road exceeding 6 oz., the road is to be put in shape and a 



1•)-
- · l 

rake rrnplnycd tn :-:t11nnt h the• ~urfn{'c', \Yhil'h ,viii nt tlH· ~n11u· 
ti1n1· bring to th1· urfa1·1· tlt · n•11tnini11\r slntH' t\lHl ,,·ill allo,,• the 

dirt tn g◄J do\\'11. 
•· \\ hen the rnad i~f-•1 pn·1uu·1 d, thr-.J<n11•thnt hn:-; ht•<·u broken 

hy I 111• idc· 11f I h,· rund i.:: t h1•J1 t n hi• <'nn•full:• sprt·tu l nvt·r 011 it. 
'fbi · i 1·at h1•r :1 nil'•· op1·rnticll1, t111d tlH· fut Ur(' quality 11f th1• 
road ,,·ill gr1•Hlly d1•111•11cl i•n th1· 111a11111·i- in \\'hi<'h it i, 11(•J'for111('d. 
'J'lu· ·t1111t' 111u-..t 11111 h,• laid nn i11 :-ho,•,·lfuls, hut ::<·:II l 1•rc•d nv1'r 

tlu_• ~urf:\<·1•, 111H• r:li11, l'l f11ll11,Yi11g nnnt h1•r nnd :--pr1·arli11g ov<·r· n 

1•1111:-lidc-irnl,lf' :--pnc'f'. 10 

\ lit t l,· lH'\\ tll:ll'a1ln1n, h11\\'t'\'f'I'. 111i:x11<l ,vii h I hC' old, \\'ill c·on~ 

id •rabl_v i1npr11\ l' ( h1• :-;11rfal'I' or l ht• road. ')'hp old lllr!l('J"inl 
lift1"II \\ ith a pirl,, ,,, 1•11 if lirok<·n :tfn·,li. 11<'\'l'I' hni-: t Ii<· ~hnrp 
l' l~l of 1111 \\' 1nal'nrl:1111, u11d 111u,·li 11f it i.;; tno roun,lt·d l(l hind 
tn tl11· i;n11H· 1•IT1'rti,•1• 1na11111•r n, fn·-.hly hr11kt·11. tutu'. i\lorc-
1)\'t'I', n grf'al purl iut1 of I 111• nld 1111H1nd:1t11 \\'hl'II lift l'cl \Yill hl• 
found to <'Oil i t nf 111al1•rinl ,vhi1·h hn · IK•1•11 n·clnc,•cl l'tlh1•r to 
du t or· lo loo ,_,nnll a :--izc• 111 l1t• fit fnr ub:-.eq111•11l u,1•. 'l'hi:­
rnutl'! inl .,ught l11 Ii· rPj<·1•tPd. n1·, if u~1•d, it ~hnuld 1111ly Ii(· 1'111-

ph,yl·d f,11· 1.inding puq11J-.1"":s. 
'l'h~ br1 aking up nf \\'int1·r i:- n1-1unlly n \'l'l'Y :-1•vf1 n• JH•riod on 

any rond, l,111 it ht1~ I 11~•n t h1· 1•:,,:p1•ri1•111•1• iu ) l:1.-,,,,u1·bu,1·t l~ l h:d 

.. n lhor ,ugh rollin~ ,Yitl1 11 ,-.t 1·n111 11,ll1•r i11 th,• :,;f'l'ing :iftc>r 
the fr, l hn lPft the- grolu11l. 1,ut IH•for1• th,• .uli~rad,· is dry, 
h, u1c· of th" b~t 11,c>nn-. of kccpin~ u t11111' rnud in good 

condition." 
Pntchi11g. "·hil·h ·on,i:-.t:-. in :,pplying t hi11 tay1""r-. 11f :-t111H' tn 

l ·r1r -..j. n:-. that lin,·l· b1.:P11 f,•rrnc-d in ll11• rn:u_hray, 1nu:--t ni lll.'CC--­

ity hP r ortC' I to in thr 111nintC'n1111ce u11d n·pnir t1f. t11nc rond . 
~urh npplieHtil.lll, n, ~ n1ndP ,.,fl n I 1) l'l' •::,Lnbli,h tlH• run t to it · 
odginnl thickne~ . snrl h,·ncr• thC' a1nou11t oi tone 1•c,uti11,., "hnuld 
\'ary in d11 pt h according to the nc 'I, , f thf> rnud at diff rrcnt 
p int . \\ hr•r long ~,retches nre tn Ir thu-- Lr nled tlH· ton' 
hould l scnltcrecl oYrr only a 1null , • ·tiou. , r !-i('Ction ... at a 
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time, so placed that traffic n1ay not avoid it, but pass over it and 
thus consolidate the material. Such repairs n1ust always be 
made with stone rich in binder. 

The following are the specifications for stone roads as used 
in the State of New Jersey. · 

STANDARD STATE AID SPECIFICATIONS FOR STONE 
ROADS 

FoR A STONE ROAD IN ................ CouNTY, NEW 
J ERSEY, KNO,VN AS . ..................................... . 

BEGINNING AT . ............................... .. ........ . 

EXTENDING TO . ......................................... . 

A DISTANCE OF . ........... FEET OR . ............... l\iILES 

STONE .... ' ' . ' ... ' FEET WIDE' ... ' ....... ' .. INCHES DEEP 
EARTH ............ FF.ET WIDE. TOTAL '''IDTH ....... FEET 

-~VORK TO BE PERFORMED 

1. The work to be performed ,vill consist in furnishing all 
material, tools, machinery, and labor necessary for the efficient 
and proper grading of road,vay, side ditches, and side banks, 
laying, spreading, and rolling of road metal, and leaving the road­
way complete in every manner ready for immediate use. 

PLANS AND DRAWINGS 

2. The plan, profile, and cross-sections on file in the office 
of the State Comn1issioner of Public Roads and at the office 
of .................. County Engineer ................. New 
Jersey, sho"' general location, profile, details, and dimensions. 
The work "~ll be constructed in all respects according to the 
above-mentioned plan, profile, and cross-sections, which form 

part of these specifications. 

' 



~L 1\11y variat i<1ll of locut inll, profit,,, ..;:izr., and din1cn~i1111:-. 
rrorn I hat sho\\'ll nll t ht> plall, n:-. 111ay I II' l'('IJllirPll by t h1· l'Xi­

gt•f)(•iPR 1Jf 1•(,11.·tru,·tion, \\'ill, in nll <':'l"l':--, ht· 1h1 tl'rtnint1d hy th1• 

rngitH'l'I', l,ut the l'nllfl'1H'tn1·::-.h:lll not, 011 n11y prl'lP11c•c•, ~nYr that 
or tltP \\'l'ilt,,n lll'df'r of tht• ('01\lnH·ting pnrtic•:.-- nnd th1· :-,;1nlt~ 
( '11nuni ~i11ru·r ,,r Puhli1• l{o:11l,. dt•,·iatt· frnrn tlH· intent of the 

pla11 nr. pc,•ifi1·:1l inn . 
l. ( ht ull dra\\·ing-.-. n~lll'I"' di1111,11sio11~ l\l'l' to go\'l'J"ll 

« ,f di ... 1·n•pu1tr·y b,·t \\'l't'll '-1°:d, ... and rigurc-,. 

f',. l ·11d,~r I lii ::-i li,·nd "·ill lit· i11l'lt1d1·d all cxc•nynt iou nncl ('ll1-

bn11k11ll1nl rf'qllirC'd 1,1r th,· iol'tuatio11 of tl11· higlr,vny, cutti11g all 
diu·lu .. n1· dr:1i11:.- :ilHJlll 111• t'lllltig1111u:-- to tlH· ruu,l, rl't11n\'i11~ all 
ff'111·1•s, \\'Hll'-. h11ilding::- , tn•,·:: . p11l1 •:- , nr othf'r l'I\C'lllllUl'UHl'l'"· I ht• 
i•xcu vn tio11 and 1•ntl 1nnk1tt<·11t 111·1·,.,:-:--nry fnr n•t·uu:-.trt1<·t ing <Tu:-.; 
or branl'h r11ads 11r 1·11lrn1H·t1~ to il\\'1•lli11!!" in ca,e · ,vh<'r<· tl11·:· 
nrc dt-:;lr• y,·d Ctl' intl'l'it·n• I ,vi tit i11 tli1• fonnnlion of thP ruath\'ny, 
and nil I thrr c·:-.:l':t\ ati11ns nnd 1·111l1:l11k111enl,.; c·unnl'ct1·d ,villi or 
i11t•identnl to tl11· ,·,,n--lrU<' li11n oi thv :,11id ro:~d. 

t,. ' I h · 11,1uhvny to th.--• ,viclt h:- nnd d<·pt h.., n:-- :-hO\\'n un plan-. 
rnusl b · excu,·nt<:-cl or l,uilt to tltl' !i.;t1nr• eurvnturt• a, thnt oi tl11· 

urf nc·t• of the rand \\·I H '11 fin i--ht>d. 'l he ~r:1d1•. f ro111 c1•11 t U' t 11 

~idP~. nn1:...t hf' u, ~h, •\\·11 on plan.;. 
7. 1'h,· enrth takr>n fro111 1111y cut or .tit ·h ~hall h,· d«'I o--ited 

,vhrJC lhc "ngin, r 111ny dirPct, eithPr ,vilbi11 11r " ' itht>lll the lifle 
of th rontt, but n« Pn11h ,hull l P ft•rnr,v,~l f1·0111 the !in<' of tht· 

ron I ,vi I hou L t hr 01,lr-r of t h1..• c-n~ 111 £'1'. 

~. ' l'h • grncling .. huH bL• f'o1n1 lt'tf'd for the rull " 'icl th of the 
road, rro1n gutter to gutt('r, l ciore any 111ncadarnizing j .. 1'orn-

111encl I. 
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E~lBANIGIENT 

9. lvlaterial taken from the excavations, except when other­
wise directed by the engineer, shall be deposited in the embank­
ments, either on the roadway or sidewalks. Rejected or excess 
material will be used to increase the "ritlth of the embankments 
or deposited in spoil banks or waste piles, as and where the 

engineer may direct. 
10. ,Vhen there is not sufficient n1aterial in the excavations of 

the road to form the embankments, the deficiency must be sup­
plied by the contractor from without the road. The character of 
said material and place of excavation n1ust be approved by the 

engmeer. 
11. The embankments "rill be formed in layers of such depth, 

generally one (1) foot, and the material deposited and distributed 
in such a manner as the engineer may direct, the required al­
lowance for settling being added. Each layer shall be carried 
across the entire width of the embankment and completed before 
commencing another, and this method shall be followed with each 
succeeding layer until the established grade is reached. 

SLOPES 

12. Slopes in both embankment and excavation shall be one 
and one-half (1½) horizontal to one (1) vertical, when the width 
of the road will permit; if the road is too narrow to allow the 
full slope within its side lines, the engineer shall not calculate 
the quantities, either in embankment or excavation beyond saitl 
side lines, unless the required ground shall be first dedicated to 
the public in writing by the owner or owners thereof. 

WIDTH AND DEPTH 

13. The construction to be ............ inches deep and 
............ feet wide, as shown on plan and detail sheet. 
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11. ,\111t•n the exC":1,•11tin11 ... n11d Ptnhank1111·11t:-.. hnve hren 
brought ton ,,rop1•r, lt'J)I h l11•l11\\" tl11· i11ll·11dt•d ::-.urfnc·c· nf thl' rond­
,,·ay, the <T11. -scl'1io11 thf'rf'uf c:1111f11nui11,r in t'\'t'l'Y l'l'"-JH·c·l to the 
,•ro ~~ccti,,11 of th' n,:id \\'h1·n finii,..lu·d. tlH' :-:u,nc ::;hn ll l>P nilled 

\\ith 11 .••. .•..•. ton r111l(•r until il i:- ..•...•..... inf'h1•.., he-
1(1\\ th, i11t ndPd sttl'fa ·c• uf l 111· road and i:: appro,•f•d hy tho 
P11gin,·r1· and "up1•rvi or. l f n11y d1•pn·~--iun · fonn llt1d1·r :--UC'h 
rLJlli,1!!, 1 \\ inµ; to ii11pr111 wr 111nt,•rial ,,_1r ,•1•g1•tnhh• 111nl l1·1·. I he 
1u11r- hall ht• n•111t1\'l1d :ind g1111d c>art h :--ub:--t it lltrd, and the 

,rholP r, ... rollr"<I u11til th0r,,11ghly ~olid and t11 ah<lVl'-llll'llti,,n1•d 
grn.!f'. \fntt•r 1nu I h,• :lpplit,l in nd\'n1u·1• of th,· rulh•r \\'hPn, in 
th• opi11io11 of thl' en~i111 ,•r 11nd :--up,•rvi::-111', it i::, IH'l'l'~nry. 

Tel;or,l J/1111,1rlat i.011s 

I.,. \flt•!' t IH• rnadlit-.d hns liee11 fo1·111~d und rollt·d. n, alin,1l' 

pl<>ifil'd, uud hu· pa,~l'<I th•" i11'"'111•1·tion nf th,• l'11gi1u·er nnd 
E-UJ)l'J'\i or, n botti:1111 eulll':0:1' ni :sl11t1t', of an :ivcrngt• d,·pth of 
. . . . . . . . inehe:--, i-. to 1,e «'I hy hund fiE n elo::,·. fin,1 pav,•-
1uent, the lone to bf' plnr, rl 011 t h0ir brondr~t Pd~1~ Ieng! h" i 1· 

nC'rn the rant! in uch 111:11lner H to I 1rr'.1k jninl a:-; 11n1t·h a!:i 

po ,ibh•, the hre:,dt h of the upprr edg,· not tn t'Xl't'l'd four ( I) 
inrhi.: . 'rhe int.f'n;tie ~ nrf' th«·n 10 he fill1~l ,vith . t11uc ehip-., 
finnly \\'ldgl 1 hy huud \\'ith n ha1u111rr1 and prujectin~ point-­
hrokf'n off. No tone of p;r1·ntf'r l ngt h 1 hnn ten ( Ill) i,u·hc:: or 
" ·idth or four ( I) inchC'S Judi be uQed, excPJ l enrh nltcrnut,. tone 
on ,,1trr r .. lgl'. \\'hich hall hr ,loubl the lrngt h 1._1f the otlll~r::, und 
\\C'll tic"'l into the bt"< l of the r( nd. .\l1. tu1ll L \\'ith n flnt. Lin, oth 
._ urr fl('(' llll1"t he hrok('ll. 'I hf' "hole' ,urf a1... of t hi-.. pH \'elllt_"lll t 

111u t hr ubj ·l ('l(l lo a thorough .... cttliug o,· rr.1nuuing ,vith heavy 
9 
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sledge-han,mers, and thoroughly rolled with a ............ ton 
.... ........ roller. No stone larger than two and one-hall 
(2½) inches shall be left loose on top of telford. 

?i--IACADAl\.-1 

First Course of Broken Stone 

16. After the roadbed has been for,ned and rollecl, as above 
specified, and has passed the inspection of the eugineer and super­
visor, the first layer of broken stone, consisting of t\VO and one­
half (2½) ineh stone, or stone that will pa.ss through a ring three 
(3) inches in diameter, shall be deposited in a uniform layer, hav-
ing a depth of ............ inches, and rollecl repeatedly with 
a ............ ton ............ roller until compacted to the 
satisfaction of the engineer and supervisor. No stone in this 
course shall be less than two (2) inches in length. 

17. The depth of loose stone in this and all other courses 
must be mea.sured by blocks the required thickness of the said 
loose stone. These blocks must be placed at frequent intervals 

amid the loose stone when being spread. 

BINDER BETWEEN FIRST AND SECOND COURSE FOR TEL­

FORD OR ].JACADAi\"I 

18. On the first course of stone a quantity of ............. . 
binder shall be spread in a uniform layer, and the whole rolled 
until the stones cease to sink or creep in front of the roller. The 
quantity and quality of this and all other binding shall be sub­
ject to the approval of the engineer and supervisor. Water must 
be applied in advance of the roller, if ordered by the engineer or 

supervisor. 

SECOND COURSB OF BROKEN STONE FOR l\'l:\.CADA . .i,1 OR 

TELFORD 

19. The second course of broken stone shall consist of one 
and one-half (1 ½) inch stone; that is, every piece of stone shall 

• 
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be broken so that it can be passed through a ring two (2) inches 
in diameter, and no stone shall be more than two (2) inches or less 
than one (1) inch long. This course shall be spread in a uniform 
layer ............ inches in depth and rolled until thoroughly 
settled into place to the satisfaction of the engineer and super­
visor. Water must be applied as ordered by the engineer or 

. 
su perv1sor. 

BINDER ON SECOND counsE OF STONE 

20. Binder on this course of stone must be applied in the same 
manner as binder on first course of stone (see Art. 18), as directed 
by engineer and supervisor. 

SURFACE 

21. When the two courses are rolled to the satisfaction of the 
engineer and supervisor, a coat of fifty (50) per cent of three­
quarter (¾) inch stone and fifty (50) per cent of screenings, 
properly mixed, is to be spread of sufficient thickness to make a 
smooth and uniform surface to the road, then again rolled until 
the road becornes thoroughly consolidated, hard and smooth. 

22. Rolling must be done by the contractor with a ......... . 
ton ..... . .... roller, approved by the engineer. 

23. Any depressions formed during the rolling, or from any 
other cause, are to be filled with one and one-half (l½) inch 
stone, or three-quarter (¾) inch stone, or both, and screenings, 
approved by the engineer, and the roadway brought to the proper 
grade and curvature as determined by him. 

24. Water must be applied in such quantities and in such 
manner as directed by the engineer or supervisor. 

~lANNER OJ!' ROLLING 

25. In the rolling the roller must start from the side lines of 
the stone bed and work toward the centre, unless otherwise 
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directed. The roller shall at all times be subject to the direc­
tions of the engineer and supervisor, ,vho may, from time to time, 
direct such methods of procedure as in their opinion the neces­

sities of the case may require. 

QUALITY OF M:ATERIAL 

26. All stones must be as nearly cubical as possible, broken 
with the most approved modern stone-crushing machinery, free 
from all screenings, earth, and other objectionable substances, of 
uniform size, and the san1e kind and quality, or equally as good 
in every particular as that shown in the engineer's office. The 
one and one-half (1½) inch stone, three-quarter (¾) inch and 
screenings for binder and final finish must be of the best trap­

rock, free from loam or clay. 
27. The contractor must furnish samples to the engineer of 

the kind of stone to be used in the ,vork before the opening of the 
bids, and to the State Commissioner of Public Roads before the 

approval of the contract by him. 

ENTRANCES TO n,vELLINGS 

28. All driveways leading to dwellings along the road shall be 
macadamized ,vith the second course and finished in the same 
manner as prescribed for the main road. The 1nacadamizing 
shall be carried to a distance of not more than six feet beyond the 
gutter line of the road, as indicated by the engineer's stakes, but 
in no case shall the macadamizing be carried beyond the side line 

of the road as indicated by the fences. 

SHOULDERING 

29. A shoulder of firm earth or gravel is to be left or made on 
each side, extending at the same grade and curvature of road to 
side ditches or gutters. This shoulder is to be rolled according to 

the directions of the engineer. 

• 
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COBBLE GUTTERS 

30. Cobble gutters shall be laid fron1 station number ....... . 
to station number. . . . . . . . . . The cobbles used must be good, 
hard, sound stone. 1'1eclium-sized stone, not over five-inch face 
on its longest diameter, must be used, except for centres or sides, 
where eight-inch cobbles may be used. The cobbles must be 
bedded in not less than six inches of good, sharp sand or gravel, 
and laid with the longest diameter of stone parallel with the road, 
and thoroughly rammed into shape and place. All stone broken 
in ramming must be removed and replaced with perfect stone. 

SIDE DITCHES OR GUTTERS 

31. The side ditches or gutters are to be excavated as per 
stakes furnished by engineer, in order to give an easy flo'9.1 of 
water, so that no water shall be left standing on the road or in the 
ditches, for which no extra payment "ill be made. 

UNDERDRAINS 

32. Underdrains, if found necessary, shall be constructed by 
the contractor of good ...... inch ........ tile, laid upon a board 
of not less than one (1) inch in thickness and six (6) inches in 
width. The top of the tile shall be at least .......... inches 
deep, unless otherwise directed by the engineer, the joints shall 
be covered ~ith salt hay, or material equally as good, and the 
trench filled with pervious earth. These drains must be con­
structed whenever and wherever the engineer and supervisor 
shall decide. 

33. When directed by the engineer, a stone drain may be used 
in place of the tile drain. A trench one foot wide and one foot 
six inches deep shall be excavated below the subgrade, said 
excavation to be filled with loose broken stone to a depth re­
quired by the engineer. 



134 HIGHWAY E~GINEERL~G 

BROAD-TIRE WAGONS 

34. All ,vagons and carts used during the construction for 
hauling stone, earth, or any other material must haYe tires not 
less than three and one-half (3½) inches in width. 

NO EXTRA PRICE 

35. No allowance in measw·e of depth of pavement "rill be 
made on account of any n1aterial \vhich may be driven into the 
roadbed by rolling. The pavement, when con1pleted, n1ust con­
f orn1 to the grade and the cross-sections, and be satisfactory to 
the engineer and State Commissioner of Public Roads, \\~hose de-

cisions shall be final. 
36. No extra work will be paid for unless the price has been 

agreed upon hetween the contracting parties, including the State 
Com1nissioner of Public Roads, and indorsed upon the agree­

ment witnessed by the engineer. 
37. All clay or gravel for shouldering or binder and all extra 

hauling is to be done at the contractor's expense. 

BIDS 

38. Bids will only be received under these specifications for 
the road complete. The prices per yard for excavation, telford, 
macadam, etc., are intended for the use of the engineer in making 
estimate to the Board of Chosen Freeholders of work done. No 
bid will be received in which all of the following items are not 

filled out: 
(1) Price per cubic yard for earth excavations, without 

classification, as per cross-sections throughout the length and 

width of the road. 
(2) Price per cubic yard for any necessary earth excavations 

and removing material without classification and measurecl in 
excavation, not included in the length and width of the 

road. 

I 
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(3) Price per square yar<l for maca<lan1 driveways to d"1ell-
. 
1ngs. 

( 4) Price per square yard for telford road complrte. 
(5) Price per square yard for 1naca<lam road complete. 
(6) Price per square yarcl for cobble gutters complete. 
(7) Price per lineal foot for unclerdrains, furnishing all labor 

and n1at<'rial. 
(, ) Price (lun1p) for the whole road con1plcte, according to 

aboYC' specifications and plans. 

30. (] ) 
(2) 
(3) 
(4) 
(5) 
(6) 
(, ) 
( {_ ) 

ESTI~L\TE OF QUANTITIES 

Excayation, earth .................. cubic yards. 
Extra <'Xca,·ation . . . . . . . . . ......... cubic yards. 
l\lacadan1 driveways .... square yards, as specified. 
Telford ............... square yards, as sprcificd. 
:i\Iacadan1 ............. square yards, as specified. 
Cobble gutters .......... square yards, as specifietl. 
l rndcrdrains ........................ lineal f ect. 

. . . . . . . . . . . . . . . . . . . . . . . . . . 

40. These quantities arc the result of calculation, but are to 
hP ron::-idercd as approxin1ate. The county " 'ill not be respon­
sible for any ex.regs in aboYc quantities, should any occur. The 
<"ontrnC'tor is <'-Xpectccl to satisfy himsC'lf as to th<' nature, charac-
1<'r, and quantity of the labor ancl n1aterial required hy a personal 
<'Xa111 inution of the \York rontrn1platcd. 

CHECK ACCO:\IPANYING BIDS 

41. Bids shall be accon1panicd \,·ith a certified check, payable 
to the ord<'r of the Director of the Board of Chosen Freeholclcrs, 
in the ~un1 of one thousand dollars (81,000), as a guaranty that 
if the contract ~hall be awarded to hin1 he "'·ill , when required by 
:-nid hoard , rxccutr an agrren1ent in writing to pcrforn1 the "rork 
nrconling to the, specification.-;. l ·pon failure by the contractor 
tn t'ntcr into said agrcc1ncnt \\-'1th the :--aid Board of Chosrn Free-
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holders, said certified check shall be forfeited and considered as 
liquidated damages. 

LIABILITIES OF CO~TRACTOR 

42. He shall maintain sufficient guards by clay and night to 
prevent accidents from travel, and will be liable for any damage 
"·hich may arise from his neglect to do so, or from any on1ission on 
his part. 

43. He shall keep the road sprinkled until the certificate of 
completion by the engineer is giveu. 

44. He is to comrnencc and prosecute the work upon the road 
at the end farthest from the source of supply of broken stone, un-
less other\\rise ordered by the engineer, "·ithin ........ days from 
and after the signing of the contract, and shall continue "·ork 
thereon until completion, except as herein provided. 

45. He further agrees to complete the same on or before the 
........ clay of ........ A.D....... T"·enty dollars for eaeh 
clay that the "'ork shall ren1ain unco1npleted, after the time al­
lowed by contract, may be deducted, as liquidated damages, 
from any n1oneys due the contractor, unlrss other"ise agreed 
upon by the Board of Chosen Freeholders, after presentation of 
certificate of the engineer recon1n1ending the extension of the 
tin1e limit of completion. 

46. The contractor shall keep the finished road"·ay, earth­
"'ork, side clitches, ancl underdrains in repair for the period of 
one year from the clatr of its cornpletion and acceptance, and, in 
addition thereto, for as n1uch longer as for any period or periods 
during sa.icl year it shall be out of proper condition. If, during 
that t ime, the road\vay or any part of the "·ork shall, in the judg­
ment of the engineer and the Board of C'hosen Fr<1ehoklers, re­
quire repairing, and they shall duly notify the contractor to rr1akc 
such repairs as required, and the contractor should refusr or 
neglect to do so to the satisfaction of the said engineer and the 
Board of Chosen Freeholders, within five days from the date of 



BROKEX-STOXE ROADS 137 

FPrvic<' of notice, thrn thr said engineer an<l the Board of Chosen 
Fn·eholclcr~ shall haYC' the right to haY<' the work done proprrly 
hy ot hPr par tie~ and rrcoYC'I' the cost for the san1e fro1n the said 

c·on tract or or hit- surety. 
47. ,l'hc eontrartor \Yill he rrquircc1 to prrscrYc all stakes and 

J>p11ch-111arks n1a.rh' nncl <·stabli~hc·d on the linr of \York until duly 
nuthori%P<l by thc.• c·n~inC'C'l' to rcn10Yc the satnr. 1\ll stakes 01· 
\,c•nc·h-111nrk::- disturbe1l nr ren1ovr.c\ by thC' contractor or his 
ng1·ut~ ,vil hout l ht> prr1nission of lhc rnginrcr shall be rcplacecl 

at t hl' <'XJ>C'I1~<' of the C'ontraetor. 
•lS. 'I'lH' c·ontraclnr shall not disturb thr po!',ition of titlc-

~to1111~ (thP cornc•r:s of propc.•rtie~ acljarrnt to the road1, but 
\\' lt(•l'c' t h1·y nppPnr he \\ ill citlH•r lift or lo,Y<'r thC'nl, under the 

JH·r:-connl ~upc•ryi::-io11 of th<' Pngin<·<'l'. 
•IH. 'rh< l·nntrn<'tor 111u,t ul~o 1n·rscrYr the roadway on \vhich 

h<' i:-: \\'nrking frnn1 ut>cdh•--s ob:--truction, and "·here ncccgsary 
l u• 11111:-t c·on:-.t ruet i-:ttf c and eo1nn1odious ero:--~ings, to be n1ain­
t :1 i 11l'il in p;oo<l ordc'r. 111• :--hall afford all proper and rras­
nna h)P 1nc·nn:-- for the· nec.:on unodat inn of th<' puhlic, and 
1,,a,·c• thl' road\\'UY c.·on1plc•tl' in <'Ycry 1naru1c•r ready for i1n-

1111·, lia t 1 • u:-:(' . 
.')O. 1\ll lo:-::-: or da1nag<' ari:-.ing fron1 th<' nn.turr of the \\·ork to 

he d111H'. or fron1 n.ny unfon•::-rl'u or unu:--ual ohstruction <Jr dif­
li«·uh y ,vhich 1nay ht' c•nc·ounter<'d in thP prosrrulion of s.ai,l \\"OJ k, 
111· fro111 thl· a<'tion uf the clc•111rnt,, t--hall he sustained by the • 

PHO\'lSJO\ F()U DR.\l"".\C1E 

ill. 1f it is n<'C'l' ·snry in the prosc•cution of the \\·ork to intrr­
rupt cir oh:-tru<'t thl' natural drainage of the surfac<', or the flo"· 
11f art ifieial drain:-:. the cont rartor ~hnll pro Yid<' for the san1r., dur­
ing th<' progn'SS of the.• \York, in sueh n \Yay that no damage ~hall 
n':-ult tn Pith<'r puhliC' or priYatr iutrrc~t. H<" shall he hPld liable 
fur ull dnnH\g1·s \Yhic.:h 1nny result fro1n any neglect to proYidr. for 
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either natural or artificial drainage, which he may have inter­
rupted. 

RIGHT TO BUILD BRIDGES, CULVERTS, ETC., AND SCSPENSION 01'' 

WORK 

52. 1'he right of the county to buil<l bridges, culverts, lay 
pipes or other appurtenances in said road during the progress of 
the work, is expressly reserved, as well as suspending the work, 
or any part thereof, during the construction of the same, for the 
pw·poses above stated, without further compensation to the con­
tractor for such suspension than an extension of time for com­
pleting the work as much as it may have been delayed. 

STOPPING WORK ON ACCOUNT OF WEATHER 

53. The State Commissioner of Public Roads, engineer, or 
supervisor may stop any portion of the work, if, in their judg­
ment, the weather is such as to prevent the same being done 
properly. No allowance of any kind will be made for such stop­
page, except an extension of the time for the completion of the 
work as herein provided. 

ABANDONMENT OF CONTRACT 

54. If at anv time the work under contract should be aban-
v 

doned, or if at any time the engineer should judge and so certify 
in writing that said ~vork, or any part thereof, is unnecessarily 
delayed, or that the contractor is wilfully violating any of the 
conditions or covenants of this contract, or is executing the same 
in bad faith, then, in that case, the Board of Chosen Freeholders 
shall notify the said contractor to discontinue all work under this 
contract. They may employ other parties to complete the work 
in such manner as they may decide, and use such material as may 
be procured upon the line of aforesaid work, and, if necessary, 
procure other material for its completion, and charge the ex­
pense of the said labor and material to the contractor, which 
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expense shall be <lcductcd from any 1noneys due hitn under con­
tract. In ca:-e these expenses shall exceed thr sun1 \Yhich would 
haY<> been payable under contract, if the san1c had been con1-
plPtPd by said routractor, he or his bonclsn1en shall pay the 
nrnount of the excess to the Board of Chosen Freeholders, on 
noticl' f ron1 the engineer . 

.55. The engineer shall be ~elrcted or appointed by the Board 
of ('hoscn l.'r('chol<lcrs an<l paic.l by it. Ile shall furnish all 
surYt>ys, profil('~, plnns, specifications, and cstin1atcs of quantities 
of all kinds brforr :spccifieations arc signed, and in such a clear 
111nnn<•r that, lu,np bids can be 1naclr upon the \\·ork. He shall 
furnish all lines and gradr~ required for the completion of the 
,,·nrk. Ile> shall furnish <'stin1atcs for quantities of \\Tork clone 
before partial payn1c>nts can he n1acle, the quantity of road laid 
h<·ing dcter1nincll hy surfacr 1neasurc1nents. Should any cliffer­
t·nt<: nrist' hPt ,Ycen the contracting partiro;; as to the n1eaning or 
intent of t hrc;C' specifirations, his decisions on these tnatters are 
to he final and conrlu~ivc. The ,vork is to be done according to 
hi:-- dirc·etion~, ancl if any 1naterial of \Yhich hr cloes not approve 
i:::; brought upon the roall, it is to he rC'n1ovell at thr rxpense of the 
contrnctnr. If the contractor fails or nrglccts to do any part of 
tlu• \York n-. specified or as dirr<'tcd hy the engineer, thrn, in that 
c~l'~l', all othPr ,York shall be tliscontinuctl, on notice fron1 the 
l'ngincer to the tontrnctor, or to the superintendent or forcn1an in 
chnrgc of thl' \\'ork for the contractor, until such tirnc as the work 
c1u11plninPd of ha:-. bcc>n clone to the satisfaction of the engineer, 
and the contractor ~·ill not br rntitletl to or allowed any compen­
~ation or extension of titnc for ~uch discontinuation or suspen­
sion of thP \\'ork. 

SL"PERYISOR 

56. ~othing in these specifications relating to the duties of the 
cnginl't'r shall he takl'll or con~t rued in any n1anuer to conHict 
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with the duties of the supervisor, as specifically set forth in the 
act entitled " An act to provide for the pern1anent irnprove­
ment of public roads in this State," approve<l l\Iarch 27th, 1905, 
but they shall cooperate as far as oracticable. 

I~CO:\IPETENT \YORKJ\IE~ 

57. The contractor shall e::uploy competent men to do the 
work, and whenever the engineer and supervisor shall inform 
hin1, or his representative in charge, in writing, that any man on 
the work is unfitted for the place, or is ,Yorking contrary to tl1c 
provisions of the specifications or the instructions of the engineer 
and supervisor, he shall thereupon be discharged . 

I~SPECTIO~ 

58. All directions and determinations necessary to give due 
and full effect to any of the provisions of these specifications shall 
be given by the engineer and supervisor. 

59. All n1aterial and ,vorkmanship of any kind shall be sub­
ject at all times to the inspection of the engineer and supervisor. 
\\7hencver unfaithful and i1nperfect work is discovered, it shall be 
in1mediately repaired or replaced by the contractor, after <luc 
notification fron1 the engineer and f-lupcrvisor. 

Sl,;BLETTI~G OF CO~TRAC1' 

60. The contractor shall not assign or sublet any portion of 
this contract ,vithout the consent of the Board of Chosen Frec­
hol<lers and the State Con1missioncr of Public Roa<ls. 

PAY:\IENTS 

61. . . . . . . . monthly payments "·ill be made by the Board of 
Chosen Freeholders to the contractor for work performed, upon 
presentation by him of the proper certificates of the engineer and 
super,risor, in a sum not to exceed eighty per cent of the amount 
then due, together with releases from all liens, if required. Fif-
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tPc•n p<·r <.:Pn l ,,·ill bl' paid at the con1pletion of the ,York and the 
IL<'<'l')'tane<' of tlH• --u111<' in ,vriting by the~ 15oard of ('ho::;cu !?rec­
h11ld1·r,:,; and t ht• Ht ate Con11ni~sioner of Public l"loads. 'fh (' 
rc•r11ai11d1•r. or five pvr e<·ut, \\'ill IH· retained hy thP I-~onrcl of 
( 'h1):--<•11 F'n·1·holdcr.· for a pPriod of oue year as sceurity for the 

i:1.it hful J>Prf«n'JTH1tH.:<' of .\rt iclt· JG. 

It?. ' l'h«· «·011lnH·lor \\ ill lie n'quircd to C'"\:C'clllt\ "·ithin thirty 
dny, c,f giving 11f c·ontrnC't. u bond i11 :--ueh ~tlln nnd \\ilh such 

L'<'\lrili1•-.. u-.. :-1h~,11 h<' apprnvPd hy I he J1ounl of ('ho:--c'n Ji'reehold­
t1r:-., !'ot1ditio111·d for tlH· faithful pPrfornutnee of the eont rnc·t , to 
i11d,•r1111ify n11d :-a,·e hn1111le-.:,; lhl' l~onrd of Chosen 1:rceholders 
fl'o111 all :--uits or nrtion~ nf any JH\llH' or dc•:--;cTiption broughL 
ng:tin!-.I t hf•111 llt1 nct·ounl of nny net nr 0111ission of thP eonlractor 
01· \iii; a~l'11t,. itnd f11r llH· faithful p<'rfnrtr1ancc' of the c·onlract hy 
thr• <'11u1rartnr. . aid l>ot1d :--hall h1• inn sun1 nf not h•:-s than the 
1 ... ti,nnlt:d ecbl 1,l t ht· rnnd ,\'hen ton1ph•ted. .\ny chnng<' 1nadc 
iu I h1• pl:n1,

1 
-..pt•f'itiC'alion~. np;n·t·n1Pnl ·, or quuntitil·~ ,vithout 

thr- 1•nn~1•1\l 11f t 111· liond-..1111·11 :--hull in no \\'llY ,·itintc' ::-nid bond. 
1'Ii, · «·011tl'nctnr h1·n·liv furth<·r ngn•1•::-. that ~o 111u<'h of the• n1ont•Y . ...., . 
dur· hi111. u11d<·l' nnd l>y virt lll' of t hi::i ngl'l'<·n11•nt. n~ sha11 bl' eo11-
flidr-rr•cl tlfll't> ... -.nry by th1· }~1>anl of l'hn::;en Ji'rePhold1·r-.. n1ay he 
r<'tnin1'(\ l1v t hf•n1 until all ,urh :-,uil:-- <1r f'lai111:-: fnr dnnu,ge:- uforc-. . 
·aid hu.11 h:i,•f• b1•1•11 =--1·ttl,·d, nnd L'Vldl'lH'l' tn thnl 1•ffpet furni::;hed 
t I) 1 be , n l i ,fact i, 111 of t ltP l~nnrd of ( 'hll~l'n Y.'rl'eholdPr:-. 

C't1N'l'R \("fllH Tl 1 I ~.:;rue I',\ Y-'1 E.:--T Fl )I{ 1..\BOH, ;',l.\'l'CRI.\L, ETC., ()~ 

Fl):AI~ E~Tl;\IA'l'l; 

n:t 'fht• uontrn.v tnr 111u~l al:-1> fnrni--h the <'nginrcr "·ith ~uti~­
fnc111ry t'YidPt11·1• that all p<'rson:- ,vho did ,,·nrk, nr furni::-hed 
n111l(•rial fur thi:- ('(ll\ trn1·t. nr ,vhn hnYL' ~u~tnint·d 1lunu1g1· or in-

~ 

jury hy rf'n,on of any net, utni-'.-.iun, or <'fir<•lP:--snl•:-..; nn hi:-i part 
OI' his ng •11t, i11 the pr«1:--f'(·t1tion (If the \York. huvc• h('c•n duly pni,l 
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or sccurccl. He shall also giYe notice to the engineer within ten 
days alter the completion of the wmk. ancl before final estimate 
ii:; n1adc that any balance for :-uch ,,ork or n1aterials. or con1pcn-
sation for --uch clamai,cs due, has been fully paid or releasecl. 

6-1. The right is re,;en·c<l to reject any or all bids, ii deemed to 

the interc::,t of the county or State. 

County Engineer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Approwd this . . . . . . . .,.o. . . ... , by resolution of the 
Board of l'l1osen }'reebolllcN of the county of ... .. . . 

. . . . . . . . . . . . 
Director of Board of Chosen Freeholders. 

. . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . 

Clerk of Board of Chosen Frel'holders. 

OFFICE STATE Comnss10,rnn OF Pcnuc Ro A os, TnE,-;TON, ::-; . J. 
I have this day carelull)' read and e,camine<l the foregoing 

"pecifi<'ation~. and the ~a1nc are hereby approYccl. 
Any departure from these specification,; must hnvc the 

written consent of the tate Coro missioner of Public Roads. 
Given under my hand. this . . . . . . . . . . . . . . . . . .. . , A. n. l 90 

. . . . . . . . . . . 

State Co1nnlissio11er of Public Roads. 
. . . . . . 

I • • • • • • • ♦ ♦ • • • • • • • • • ♦ 

. . . . . 



l~ th,· ;\l i.~i:---ip11i \'nll1·y, ,vhPn' rond 111ntc·1·inl is no( 011ly 
:,:1•11r1·1· h11l t'.XJH't1~i\'1·, n·1·ottrs1· ha:-- h1•1·ll had lo burning th<· c·lay, 
nf \\·hi,·h t ht• ruad:- :11T inn gn·nt 111P:1:--11r1· fnr111<'d, to pn1duc1· a 
l111nl1'1' .111cl IH'tt1•r :--urfac·iu~. I >11ri11g t h1· dry srn:-:on, ,vh<'n tlH'l'l' 
j ... hul litll1· 111oi:-lttn· i11 lh1· :-oil, lhl' 111:tll·rinl is c·ut fro111 th<' 

1·1111cl\\'ll_\' ill l1l11l'k:- (o 1l11• dPplh of nhout::? rt. n11d pih·d ~() as lo 
t,,n11 1111 1·1t1·l11-.,un' ~ to 10 fl. :--q. .\ ft1•r t hi:-:: hu-- thorouµJily 
clri1•d 1111l, liru--h and \\ 011d an• pla1·1·d i11:--id,., 11111n• c·lay i:-- phtc·t•d 
nn lop t 111·1111111l1·l t'ly 1·11clol'-<' it. and l ht• I ,urning 11f t ht• clay I H•gu11. 

'l'lu• h:1rd«·111'd 111at1•ri:d r,·:-:ultin~ fr11111 thi:-- li11r11ing i:-- l1rnk1·11 up 
i11lC1 s11111ll fraµ:1n1·11ts :111il 11:,::Pd :\l'- n 1·11,'t·ri11g t11 th<· ron1h\'ay. In 
IIH· ,, f'I :-1·:1--1111, ,vh,·n t hi' rnad\\·a~· \\'11t1ld h1· purl i1·ularly ;-:nfl. it 
is ,·,~ry .::ntii.:f:u·lnry in that it k1•1·p:'- tit<' 
th ro11p;lt l t I t It,· l1•:-:-.: :-11lid llltl t Prial li1·l11\\'. 

! 111<1!1 Ht>\ H11.\11-... 

.\ 1·,11·d11111y nr lo~ n,nd d,·ri\'1•;-; it:-: 11:11111· frn111 tlH• fn1·l that in 
npp1•11r:ll11•1• it c}t,,p)y rfl,1•11tl1lt·:-: th1• 11111t1·rial ui tltnt 11t\11ll', 
1·011sisti11g ii' ii d111-s ,ii n :-u1·1·r•:--...ion ,,f ricl~1·:-= u11d hol1o\Y.:- . • 

'l'ltr--..1· ruarl:- un· 1 l1':-ig111·1 I I 11 ,·:HT_\' 1 ralli•· P\'1·r nat nrull_r \\'1'1 nn1 I 
... (lft g1·c,111HI, :-111·h a, .-.:\Yallt}':- n11d 111:,r:-h,,-.:. ,vh1•rc· drainaµ;P i::­
c·it h,·r i111p,,,-..il,l1• or p111hihi1 i,-,. IH·t·a11,1· 111 ,·n:--1. 'I'l11·y al'l' 
flu·1n, d l1y pla<"i11g l11µ:-- -.id,· l,y:-id1•, \\'ith t hr• l1·11!!th p1·rp1•11tlir·ttlar 
10 tlu• n\'.i:- 1d lllf• r,1:111. 1q11111 a rnu~hly prl'pan·d io1111datiun 11i ll11' 
nnturnl l'-t,il. ~on11·tinH•..., i ti,, 1,,g:- i,r,· lu·ld i11 pla1·1· I,? l11n:,!il 11d1-

nnl -..t rin~r1 .... b1·i11~ :--1 ,ikrd to l he t' 111l:-, ~n1111·t i111t':- 1 hC' :-pn1·1•-. art• 
I l :i 



I 
' 

14-± HIGH\VAY ENGl~EERING 

filled ,vith smaller poles to make a more even surface, and some­
ti1nes upon the ti,nber is placed sod or earth to reduce the tractive 
resistances. Crude as these roads are, in sparsely settled dis­
tricts they often furnish the only solution of keeping a rpad open, 

particularly in the ,vet season. 

ou~ED ROADS 

The first application of oi l to a road surface ,vas made as an 
experiment in 1898, in Los Angeles County, Cal., for the purpose 

F10. 49.~Road Through Deep Sand. 

of detern1ining whether or not oil possessed properties that ,vould 
eause it to lay dust. 1~1ith Lhat object in vie"' it has since been 
e1nploycd quite successfully on many n1iles of road in California, 
and cxperi1ncntally in Nc,v Jersey, Massachusetts, Pennsylvania, 
Indiana, Colorado, and the District of Columbia; and in foreign 
countries, in England, France, and S,vitzorland. 
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The only object in the first experiments \Yas to determine if 
oil would lay the dust, which the results quite conclusively proved; 
but other and greater advantages bef::l icles this have since been 
discovereu by its continued use. The deep seal brown color 
produced by it is very restful to the eye, but more particularly it 
acts as a binder of the loose particles of dust and stone 011 the 
road surface, for1ning a sort of tough and hard crust somewhat 
similar to asphalt. vVhcn the crust is thin it has been observed 

FIG. 50.- Same Road, after Oiling, Has a Hard Smooth Crust. 

that the '\\'heels quickly cut into it, especially in \Vet ,veather; 
but experience has taught that \Yith the oil sinking to a depth of 
three inches or more, this is prc·vcntccl. 

Rains sec1n to have no effect upon such roads, for the' surface 
is i1nper,riou5; and in California, '\\'here the storms arc fre­
quently torrential iu character, they haYc been found to with-

ro 
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stand thenl aln1ost ,vithout a sign of deterioration. lTnlike a:::.­
phalt pavements, ,vhich during hot ,vcathl'r :--hO\V the effect of 
heat by softening, oiled roads rcn1ain as hard and tirn1 as in 

• cold ,veather. 
All petroleun1s ,viii lay the dust, but oils ,vith an asphalt base 

are found to be best suite,! to the purpose, not only because they 
prevent the dust nuisancf'

1 
but because the asphalt in then1 act:'­

as a n1ost excellent binder of the s1nall particles ,vhich lie on the 

F10. 51.-Sections of Oiled Crusts from Three Oiled Roads. 

surface aud go to forn1 the crust. For this reason the highPr th(• 

percentage of asphaltu1n in the oil t he better. 
Previously it ,vas considered good practice to apply the oil 

v.1hen the surface ,vas ,noist, but experience has taught that the 
road should be perfectly dry to sccw·e the best results. I-Ieating 
also is not no,v considered necessary. It is true that ,vhen the 
oil is heated the ground absorbs it n1orc quickly, but the expense 
attached to this operation ha.rdly "·arrants the outlay. 



I J; 

J~pfo1 c thr oil i" npplic-d I hi' road h I h11,ild b1• graded, gi v,•11 
a cro\\n ui nllf,ut ouP-hnlf i11rh p,·r foot,, I ri11kl,·d \\'ith ,,·utl•r, 
n.11!1-..I ,,ith n light roll<'r re, <'f'llfl' u unif«irn, ,·n11:-;i:,tr>11cy in tht• 
~round und a con rquen l u11if11rn1 al ,nrpl ion oi , il, arid t hl'll 

nllo\\1'fl lo dry out th,uuu~hly. \ ft, r thi u toothed lan1'fO\'', 

thl• t<·<·th of ,,·hir.h ar threl• i11c•}J1'"' l1111p: .• hould lit:• dra\\·11 , v,•r 
lhl urfn.<'l' to 1 rt•nk it up, i--t.• that "hf'u th,• qjJ j-. ap11li,-.l it ,,•ill 
re ndil) curnbinr, t , fo1 n1 a er u t of t hi t hi<'kHC"'!oi . 

• 

lf tlif' urfn.cing nu\t riu) j.., tll • hnrid 1 a in n1ncada11, pu,·, -
lllCJll I top nnit r this, thf'n fl lll)t 'J' of :;.alld, l'lllth, I I' grnv,•l 
111u ... t b laid uhl ut thl"l'P iuehes d,~p. and 1 h" ')ii :--prinkk·tl ,1,·,·r 
tlu", ])uring thP npplicalio, 1111'1 uni ii t h1"' • oil ha t liurou~hl.v 
ul llrl rd th;, oil, llll trnAic i pruhihitC\fl fru111 t lit• 11,f' of tit•· r11:1d­
,,ny. "I hr oil j,,. prf'1ul l y :1 pt1cinlly eon'-lruct "' tauk curt .... ueh 
ll! hu,,11 i 11 t hr figure·. 

\\ ithout a.ny pr~pnrnti ,,, ,,·hult'ver the- nil i ,,ften nppliNI 
tu u road, I ut thP I'\ ult :,rr 11ot nca1 ly i--o utb,fa<·tor_v. 
l'arti•·ular rn1 1.hould b<' I a ken on i111pr0Yc~I rn:,ds to r·e-
1110, t· tLII lo ... 1nnt1.:Jinl on th<' urfnrC'. :--u that 1 h 11il "·ill 
rc>fu•h thr body of th roa I, an I nut 1n"r<'ly Ii • on thL· u1 ra,·" 
i11 tlir fonn of un oilv n1ud to I · t•n-.il) , ,·ntteri'tl Ii,· the . . . 
,\ hl •1"'1 .r , t•hi •l >:-.. 

"ln ,,hit i kno,\"n n the J)e c ~unp rnnrhinf' the di-.triliut ,r 
i n1ounl l on "' pnrHte ,,he'(') nnd couplr"il to th., J'(•nr of the 
l lluk ,, agoD 1 l ht lip t nguu hf'ing r ·nH ,·ed. ' l'h oil run 

frou1 lhC! lnnk through n fl ·xibll h "I.:. It hn nu oil r~ r,·oir 
nnd tlu • t of fin "Pf'S. 'l'h<' first "t rnnkc...., furro\\ ~ ju-.t nhrnd 
c;,f t hr- 01l•di charging pip . "l'hc N ond l l of fing 1 ( or cun r I 
t th) co, ·rs up the oil, nud n third t l tins up thP co1nbinntiln 
t f oil nnd dirt. '111 rl" i nJ,o a drag t('J eru .. h nny glnbull"' or 
chunk \\hich inn, tend to fonn . \\'hen oil j .. t inrr rlistrihut I 

• 
the ond 01111 third {t f fin~ r.; nn I th,,. ilrni nr rni I fl 111 

th,· ~roun 11) hook . .\Ct r the oil is di tribulcd th~ 1nachin" i 
I tn hoo fro111 th t. nk. th li1 l ngu I ut in, u l th 1nnchinc 
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dragged back and forth over the oiled road until the oil has been 
thoroughly incorporated ,vith the road n1aterial." 

After from twenty-four to forty-eight how·s the road may be 
thro,vn open to traffic, but dw·ing that period horses and wagons 

should be positively prohibited fron1 the street. 
In macada1n pavt1nentsi ,vhere the surface is hard, the oil is 

F10. 52.-Road Oiler. 

put on hot, so that son1e ,nay readily sink into the paYement ,vhile 
that ,vhich is left is sprinkled and incorporated "·ith sand "·hich 
forn1s a hard, even crust on the nlacadam and giYes excellent re­
sults in that it produces an impervious covering aud at the san1e 

ti,ne protects the stone from ,vear. 

• 
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1'h1· quantity of oil l'l'quin·d for a 16 ft. roachvay ,yill Yllry 
f ron 1 :250 to •JOO bbl ·. of •12 gal~., pPr n1ilc, depending upon the 
t hit·k np:-; · of the ('rust, t Ii<' poro:--i ty of t.h<' soil, and the percC'nta.gc 
of asphnltun1 i11 th" oil. 1'hc ntunbC'r of applications depends 

upon tl11· p11ro. ity of th<' oil. 
l~<'pai1-s an· nuul<' hy prt>pnriug n, sort of niortnr of oil and 

san,l, n.11d filling t.11<· dcpn•~:,;1on~ nr holes "·ith thi~, aftc-r "·hich it 

is \\'l'll r:un11H·1l. 
" l l fn·qu,•nt ly happens that travel foll <nY:-; thl' flan1c track, 

u nil tlu· 11:u-r11\\' tin•-.. and f 1'<'1 of l ht• hor:--l'~ \\'l'tlr < lPpre~--ion~. I t 
i'"' i111p11rt:u1l to <·otT('l'l thl'~<' nnd rc·~hnp<' the rot11l nt lea~l onC'<' u. 
v,•ar. It ha:-. I H'l'll found that nil ordinary blade road grndcr \Yill 
11•>l do thi..: :;\ll'l'<'~:--fully hut ,vill tc·ar up the oill'tl c·ru~t and tl(•s-
1 n 1y it. 'l'h1 · \ Vhi IP ::.tt 11lntlH·r i:; n. ch •\'ite for ~hn Ying o1T ('\cYnt ions 
n11cl filli11~ up dt·pn•-::--inn~ in an oiled <'rll~t. T t consists of n. pair 
of runnt.:r~ Iii ft. long nnd ,4 ft. ttpnrt. l ~<'t'\\'Cl'n thPnl, at the· 
fn,11l c•11d, nr · Sl'l 111\ n ~tnnt hnrl\\·nnl ohliqut>ly to the left, :3 
rO\\'~ of ? in. :-ll'l'I hnrr1>\Y lc'l'l li, l-lo adjusted thnt thl'y shU\'l' 
alnng litH'" ju..:\ I 111. npart. ,\.-.; t hl'ir <'<lgl's. ~et 1lull, the• lr.c•th rau 
rp1•1•t\'I' n quttrl1·r or half turn, antl l h1•ir hPt[!:hl fr()tl1 th<> µ;round 
•·:111 he· l'l'gu\utf', I. ' l'h1•rf' i~ nh,n a hl.tdl' ~l't ol)\iquely "l11ch 
scnqu l}IT t ht> -:ha, iug:--1111td1' l1y the- hnrro,v teeth. 1'hl':-l' shu\'­
ings, 1·cn1fi111•d hy lhl' l\\'o ru1H11·rs an,l llH· bln1lc, nalurnlly S<'l'k 
t hl' , l1 •1H·,-. ... -.ion~. I 11 I he lPft-hand runnc·r is un 1,pPning, l hrough 
,,·hicll nny f ttrplus ~haYin~:- Hfl' fon:1~d out tn,vard the cc·ntrl' of 
thl· n,ad, thu · \l•ndin~ to rai::-t' th1· 1·n1,vn. Thl'rt' arc• \YIH'l'ls 
, 11 th,· side~ upon ,vhic:h the 1nnl'hine, \\'1th ruru1t•rs raised 
fro111 th1• grl)t111d , lravL•l,- ,vht>n IJ1•ing L1Hl\'t•1l fro1n one placl' 
tn :\nolhl'r, antl a ::-ll·t·ring gc•ar hy 1111•n11::- uf ,,·hi{'h tlu· np<'rutor 
rr·ndily c11nlrol~ iL dirct·ti11n. 1\ rr111d rl•-..hap~cl \\·1th thi~ 
111n<'hin1>, trPat,·d ,,·1th 11 li,,.ht :-:prinkling nf 11il nnd n thin 

" 
shc-C't nf snnd. aud f lJlll•d , r t'tlll 1les a city n~phnlt ::,l n·Pt 

"·h,•n firsl ll\id." 
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SHELL ROADS 

In the Chesapeake-Bay district, where oysters are so plentiful 
and road material somewhat scarce, it has been found that the 
shells serve quite satisfactorily as a road metal. The shells are 
easily crushed by traffic and, possessing an extremely high ce­
men tation factor due to the lime, readily bind together to form 
a roadway of more than ordinary value. The disadvantage of 
such roads is that the material being so soft, is quickly ground 
to powder, which the wind or the rain readily carries away. 

In Maryland as many as 250 miles of these roads have been 
built at a very reasonable figure. Where the shells are plentiful 
they will average 1½ cts. a bushel, and a road 15 ft. wide will 
require about 45,000 bushels per 1nile. 

"As with any road, before applying the sw·facing, the road­
bed for the shell road should be first graded ancl given the proper 
cross-section. If there is a wet springy soil, drains should also 
be provided. Before the shells are put on, the roadbed should 
be rolled firm and hard. If over a stiff clay soil which becomes 
sticky in wet weather and holds moistw·e, a layer of three or four 
inches of sand should be first spread on the clay road. Shells may 
then be spread, sprinkled with sand, and rolled with a light 
roller. Experience has shown that the shell roads constructed 
over a clay soil have broken tru·ough more easily than those over 
a sandy soil. This is the result of non-drainage of the water 
which is held in the clay. To assist in compacting the shells, 
as in the construction of a stone road, a shoulder of earth 
should be formed at the sides to prevent the shells from spread­
ing." When compacted, the road forms an impervious cover­
ing, and would answer well as a foundation for a thin layer of 

stone. 
SLAG ROADS 

Slag roads need but little mention since they are used only to 
a limited degree, and then only in the vicinity of smelting 



• 

1,lan '"'ltt r • it 111ay b«· d"~irnhl,· to d isptl~f' of ~uch niuteriul. 
.'lag u ually contain:; a larg • f>Pl' ·Pntng1· nf :-;ili<·a, thu ... ruakiug a 
road urfncc built 11f it 1•xtn•111ely hard. hut fn1 qu1·11tly it lnl'k:., in 
binding pr11p<·rti "'. ~la.gi; ru1111i11g lii~h i11 li111<·, hu\\·t·V<·1-, pu,s11

:-:-­

thi chnra ·t•"'ri tit· and product a Vt•ry ~nti,fn('tory hnrd and 
~ 1no ,th surfuc1•. 'I Ji,, du t. ul:o. :-t• •111. In uc-t likt> n l"t'IIH'n t , 

binding tit fragnH•lll"' tug1•Lh ·rand gr""'ing hnrdc·r nnd hal'dt·r. 

'] hr nrgilla, 1 ou hnlc•s ar,• 1111. uited for n,nd-liuildiug pur-
p ("", ru lhPy q11iekly grind t11 p<1\\·d,·r nud nr1~ t11rn1~l tu 111ud h)' 
th" a •lion ol lh • nl111osplt1•r1• and ruin, hut in thl' Stnlt• of ~1·,v 
)'ork the ftri'nnc1 ull ... hal · , J11J "•' i11g ~<)1111 1 1Jf th,· q11nlitic-- of 
oft. 11nd t ,n,', hnvc in 1·:LS • l11•c11 th<· 1n1•nn.~ nf nffnrdin~ n <'hl'up 

nnd ~1.li f1u:tin·y rond,,·u,·. . . 
'!'he• rnul [)rial i. ol ,t ui n<'d <'lo. f' n t l 1111u I 1\1\! I, n ft r•r l hl' roiH_hrn:v 

hH h l n grndPd proprrly. fr111n S tn 10 ins. i.-. • pr(•ud and 1·01n­

pnctl-d by rollin~ \\;th n lll f1111 r11)1t,r. ' l'h1• intt•1-,;;:ti1·1· nri· fillt·d 
\\ith grU\'t'l, u thin layer 1,f it .pread ov1•1· th,· urf~H'l', nnd tlic 
r nd i tlu'll priukled nud rolll'\d ngnin. 

0 l,- J. \( K 1t1 IA 11:-

(' ,a1 ln<'i-- j ... the fine ,nntc•ri:d r1~ulting ir11111 the hnn,lliug 
nf conl nnd the di iutr ,rut ion ,,i ~oit · nl. It i cu1n1nru1ly u,r·d 
in c:onl-rnining. •,clio11 fLr rr ad t>UfJJ 1:- \\'h,·r,· it j .. 11fte11 n pr<1h-
l, Ill l , di I (' of i l. 

\ thr 1nnlcriol i <'n ily gr11l111d ton J)O\\'dC'r nnd hl11\\'ll H\\'ny. 
it i I ttcr. uit d t I li~l1t, 1'nther than hca,·y tn1flic. 

l 11 \Ht \ I. RO D 

< hnrconl roncl-, nri only I uilt in the hunber district ,,·here 
Li1nl r i ... l th ch, n1 :ind pl ·ntiful. 'l'h y nre con tructrd 11 

follo\, : th trl' nr • fC"lJ ~ an I the tn111k"' pil I leneth"~j nlong 
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the centre of the road to the height of about 6 ft., being 9 ft. "'ide 
at the base and 2 at the top. The timber is then completely 
covered over \\rith stra\v, earth, or sod, and the wood burneJ. 
\\TJlen completely charred, the covering is removed and the char­
coal spread over the road sw·face to a depth of about t"\\'0 feet 
at the centre and one foot at the side. It is claimed that such 
roads are remarkably fr~c from mud and dust. For the sections 
they are intended to serve suc-h roads would seen1 to fill most of 
the requirements, and cost about one-quarter that of a good 
stone or gravel roarl. 

PLANK ROADS 

These roads arc generally constructed of a width of 8 ft., as 
with wider ones the traffic tends to follo,v the middle of the road 
and hence produce undue wear. If 8 ft. is not sufficient, 16 ft. 
may be used, but in this case there should be two separate lines 
rather than one. This may be secured by spiking down a 6 x 6 
stringer in the centre of the road parallel to the axis, ,Yith 
spaces for turnouts every 100 ft. 

The planks, 8 ft. long, 9 to 12 ins. "ride, and 3 to 4 ins. thick, 
are laid perpendicular to the line of traffic upon ~ills which are 
firmly bcddrd upon an even foundation of the natural soil. 
These sills consist of planks 15 to 20 ft. long, 12 ins. ,vidc, and 4 
ius. thick, laid flat, placed parallel to the axis of the road, and 
spaced 4 to 5 ft. centre to centre so that the wheels will be di­
rectly ovrr the stringers. They should break joints to prevent 
the soil at these points from sinking. 

The ends of the plank arc not arranged in a straight linr, but 
every third or fourth is off set a f cw inches to form a shoulder 
and perrr1it tean1s to turn on or off the plankrd way. 

Sometin1es the planks arc spiked <lo'-''11, hut this is not essen­
tial if they rest upon a good even, firm, and dry foundation of 
natural soil between the sills. Occasionally earth or gravel "·ill 
be spread over the planks to prevent their too rapid ,vcar, and 
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also form a firmer covering as grit is forced into the fibres and 
makes the road hard. 

Where a plank road exists beside one of dirt, drainage is 
secured by sloping them in opposite directions, the former at 
a grade of l in 32, and the latter 1 in 16. If such <lirt 
roads are not provided, then turnouts must be constructed at 
intervals. These places have a wooden trackway, 16 ft. in 
width, with the planks laid on 4 instead of 2 stringers, to which 
they are spiked. 

The advantages of such roads are that they reduce the trac­
tive force by about one-third that required on a dirt road, and 
at all seasons of the year afford a good highway. 

TRACKWAYS 

In the United States trackways, whether of stone or steel, 
seem to be less popular than abroad, for in a number of towns in 
northern Italy such means of transporting heavy loads is quite 
common, while similar roads are made use of in the cities of 
London, Manchester, and Liverpool, England. In Spain a steel 
trackway 2 miles long was constructed at a cost of $28,518 some 
years ago, about 1890, which seems to have given eminent satis­
faction. This road, joi)ling the towns of Grao and Valencia, had 
a daily traffic of 3,200 vehicles, and yet the yearly repairs after 
7 years' service cost but $380, while previous to this the cost 
was $5,470 per annum. 

The older forms of trackway consist of blocks of stone varying 
in dimensions, but usually from one to two feet wide, placed in 
lines parallel to the axis of the road, and at a distance apart 
equal to the tread of the wagon. Between these lines of track 
a cobble or broken-stone pavement is laid to furnish a foothold 
for the horses, and with this combination of easy traction and 
good foothuld the hauling of very heavy loads is quite possible. 
The cost of such wheelways is high, but frequently they are 
less expensive to put in to a short piece of road on a steep grade 
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to reduce the tractive force, than it ,voul<l be to cut down the 
existing grade by excavation. At less than half the cost that 
would have been needed to reduce a grade from 1 in 20 to 1 in 
34, Telford on the Holyhead road produced the same result by 
introducing stone whcel"·ays. 

A cobble or stone pavement is placed for some distance adja­
cent to the tracks to give them a solid foundation and prevent 
too great wear on the trackway and road by the turning on or off 
of teams. 

Juclson in his book on "City Roads and Pa,·ements" men­
tions a stone-hlock track,vay that was built on the Albany 
and Schenectady Turnpike in 1833, ancl parts of ,Yhich are still 
in existence. 

" The' stone rails' ,vere made 4 ins. thick and ,ycre roughly cut 
18 to 24 ins. wide of any length from 2 to 8 ft. with ~quare ends to 
be laid close together ancl "rith both faces flat to pern1it of tw·n­
ing over when worn .... They ,vere becldccl in the gravel 
and broken stone of the road"·ay. " Bet,Yeen the track and on 
each side to a distance of 5 ft. "·as a cobble pavement. 

In 1901 about 2,000 ft. of steel double track\\·ar ,vas laid in 
Chicago, Ill., but, failing t o give satisfaction, was removed. In 
1902 a steel wheelway designed by General Roy Ston<' of the 
Office of Road Inquiry of the Department of .~griculture was laid 
in nlurray Street, Ne,v York City, but this, too, proved unsatis­
factory, as horses were unable to secure a foothold. It has since 
been ren1ovecl. 

SA~D-CLAY AXD Bt:RNT-CLAY ROADS 

Natural sand-clay roads may frequently b<' forn1rcl in localities 
where the soil contains the right proportions of sand and clay. 
,Vhere the prevailing subsoil is of clay, or on the other hand of 
sand, the two, if properly mixed, rnay succeed in o,·ercoming the 
objections of each. This is particularly important to the At­
lantic and Gulf States where these materials arc so plentiful. 



'fhe J?:rc.at, yariation i11 the phy~icul properties of cln.y tnukc•s it 
1Jillic·ult to givl· dPfi11il<' rules n-.; lo the ,nixin~. 

lt har l1c1·11 pr11\'<'n thut ~uch rond~ ar1• \\'c•ll udnptrd to light 
trnflil', and \\'f'Hr \\'1•11 und<'r heavy, and arc le~s noisy, du~ty, n1Hl 
exp1·n:-iv1• t hau, u11d in 1•a_-..p._ prefcrahlP to, nu1cndn111. 

l~y h11rui11g l11t• <"ln~' 1it n n1oderntP hc·nt it Jose':'- it~ ~tieky 

,,11ality, :lnd ht><"11t11 "~ :l.hh· tu ht>ar trnflic• t'\'('ll iu thP \\'l'ltl'st 

,v,·a t lu.·r. 
'l'h1• IJP:-,I :-:a 11d-t' In\' rnnd is ,,nc• in "'hie h th~ ~u rf f\CP i:- 1·0111-

~ 

po crl nf gntiu; of :-11nd i11 \\'hi1·li 1111· void" nn· fillP<l ,vith 1·lay 
thut net lik.- a hindPI'. .\ll L'Xt'P,s of clay hcynnd thi~ i~ dPtri-
111c11t:1l. \\7h,•n~ t Iii..; 1•0111lition 1·:xi:--t~ fol' n. f1 1

\\· inc·hc•:-- i11 thi-cktH•:-:-. 
11pon I hi" hlll'fu,·" nf a road, it \\'ill h,·nr co111pnrnli\'C'ly ht·nYy 
t rufli<· for a long l i111P. '!'ht• 111nt 1•ria).._ :--hould hi' n1ix1•1l t hor-
11ughly ,vhil1· \\l't n11d puddh·d "·ith ,vnlr.r. 'I'hi ~ i~ Pnsily sc-

1·11n·d nfler n hnrd nr lnng rain, tlu· <'hty hn,,·in~ bt'l'll pre­
, iuu:-ly spn·nd nud t IH· lnrgr.r lu111p~ broken up. 

' 



CHAPTER VI 

STREET DESIGN 

TuE object sought in the design and location of city streets, is 
a symmetrical arrangement or plan by which an easy and rapid 
means of intercommunication, together with plenty of light and 
air, may be secured at a rninimum cost of construction. That 
many of the European cit ies and some of the larger ones in the 
United States have failed in obtaining such results, is instanced 
by the notably narrow and tortuous streets of London, Paris, 
Boston, and lo,ver Ne,v York. On the other hand, Berlin is an 
exception to the general conditions in Europe, principally be­
cause of its enormous development practically ,vithin the past 
fifty years, ,vhile Washington, D. C., presents probably the best 
design that is to be found on this side of the Atlantic. 

Frequently the location of a street is the result of topograph­
ical or other local conditions, which may neglect the considera­
tions of grade, plan, and alignment. But with the growth of a 
com1nunity some intelligent arrangement must be adopted to 
provide for the present and future needs of all kinds of traffic, and 
for the ,vater, se,verage, and lighting systerns ,vhich are neces­
sarily laid beneath the surface of the streets. 

LOCATION. The factors governing the location of city streets 
are primarily the nature of the topography and the directness of 

communication. 
Topography. Located ,vith regard to this feature, the streets 

should be planned to secure easy grades for the benefit of traffic 
and should furnish satisfactory slopes for surface drainage, as 
,veil as the flow of water or se,vage in the conduits placed be­
neath the surface; at the sarne time the cost of construction 
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should be a n1inimum. In hilly districts alignment is a second­
ary, hut nevertheless in1portant factor. ·y\tith such prevailing 
conditions, the object to be attained is the n1aintenancc of the 
integrity an<l uniforn1ity of the plan, yet ,vith avenues provided 
,Yhich will afford easy grades for the traffic and drainage. 

Directness of Communication can be the controlling feat­
ure only ,vherc the ground is leYcl or approxin1ately so. On the 
other hand , ,vhrre the lantl is particularly flat the question may 
h<•, not "ho,v to avoid grade," but rather " how may grade be 
:--l·<· urC'<l. '' \\Tith thr obstacles of grade eliminated, a harn1onious 
plan providing the shortest an<l easie:::1t lines of com1nunication 

111:1y be' <'nsily a1loptccl. 
Street Plan. T"·o genrral n1ethocls in the arrangement of 

city :::-tr<'<'ts 1nay he saicl to obtain: 1st, the rectangular systen1; 
and 2d, n, con1hination of the rectangular with intersecting diag-

onals. 
1~HF l{ 1,x·T.\XGrL . .\R SYSTE:\I consists of parallel lines inter-

:--c'ctc·<l hy other parallel lin<'s at right angles to the forn1er, and 
ha, the• ru lYantagr of giYing a maxi1num area for buil<ling pur­
po::-es "hieh 1nay easily and rraclily be subdivided into lots of 
:sath,fnctory forn1. It is the much n1orc con1n1on method of 
nrranginp: the streets, though perhaps not quite as satisfactory as 
th<' nt her. 

In this syste1n the avenues, designed for business purposes, 
should h{' parallrl to each oth<'r, and follow the lines of maxin1um 
tnilliC', ,vhilc the streets, deYoted to residences, shoulcl intersect 
1 hc•s<' at right angles. \\'her<' the city is divided into husiness 
n1Hl rl'si< lcntial srctions, the blocks should be square to adn1it of 
:-:pcedy intc'rcourse; but where the t,vo rxist side by side, th<' 
hlu1·J...~ ~hould be fro1n three to four ti1nes as long as "ide, "'ith 
ilu' l'('si<ll'nccs occupying the shorter side of the rectangle. 

~e,v \ 'ork City is, for the 1nost part, an example of the 
rectangular ::.ystrn1, hut in the I1orough of :i\Ianhattan, " 'here the 
,\Yenue:; run approxi1natcly north and south , and the streets cast 
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and west, precisely the arrangement that should have been 
avoided has been secured. The city is very much longer on a 
north and south line than it is wide, and in consequence, and 
following a natural law, most of the businesses have been es­
tablished on the avenues while the side streets serve for the resi-

M p 

Q 
F10. 53. - Arrangemcnt of Streets. 

dences. The avenues, therefore, receive the bulk of all kinds of 
traffic-subsurface, surface, and elevated-and yet instead of as 
many avenues as possible being provided to accommodate this 
traffic, the city is designed with the avenues from two to three 
times further apart than the streets, thus providing three times as 



1.-,9 

1nany thoroug;hfun::- · in t hr din•c·tion \\'hc·rP t hP rrquirPnu•nts arc> 
the least 

1 
i.e .. 1•a-..t n nd \\'1•-..I • :\~ in th«' d irPl't ion "·hc•rc t lu•y u.rP 

1110. t. 
J f th" long"r . id,, of th,, rc·l'tan~le-.. \\'c•rP north nnd :,out h. 

it ,vould furl IH·I' nitl in th<' !-JH'<'d of tran::-pnrt at ion, ::-itu·e t hc•n I hc• 
u1·fac1.•-c·ur:-: at l••asl \\'11uld lu· n•quir<'d to :--top nt f P\\'t•r cor tH'l'S. 

\\'lit>t'" I hi' ~I t'l•(•ts an· nu111hPn·tl ns, for ,·x:unpl<', 1, 2. :~. c·tl'., 
thP ho11se nu1nl11•1-s ~h11uld inn :-i111ilur 1111u1nc·r agn•t' ~o that th,· 
, tri rt llllllllirr Illa\' indi .. al<' th1· l11l'ati11n of th1• hou,1•. 'rhu:- nll 

• 
hou:-e lllHBliers l1t•t\\'1•1•n 100 and 200 111iglit hc· fou11<l h<'l\\'<'<'11 
• t l'l'l'l ~ l O nnd ~o. nnd l ,et \\' f•(.>ll :!llO and :{OO hPl \\'('I'll :--l J'('l't ~ :20 

and :JO, c-te. 
The Diagonal System ,·on,i,t:- of th<' n•clan~ular, to~<'lhl'r 

\\'it h 1nnin din~onal l horou~hf an•, for th<' purpo:-1· of ~iving 
dirC'cl lin<•-. of co1nnn1nicutio11 fro111 one l'l'ntrl' of t hl' l'il ,. to -
another. 

l l r urt h1•1' J)l'O\'idf' hn•n l hi I\~ ::;p!H'I' U l I h,• ill\ c•J'~(•ct ion:--. \\'hil'h 
in rougl':slc•d di..:tri,•ts arc· pnrti .. ulurly dl•:-irnl>lc. :t!Tonl~ li~ht and 
air, inerru,..l':- lh•· \'nlunti1111 of propPrty. nnd pn,,r:-:-1•-- ~011u· 
n·~th1•ti1--- qu:ilil11•ati11n--. \Vhil1• th1• pri11cipnl nd\'n11tngc• i~ that it 
'-II \'I' distnlH'l', t h1· pl'inl'ipnl di,advantn~l' i l hnt il 1·11n~u1nc·::- too 
\nr~•· n prr,p11rtio11 11f liuilding nr1•1l. 'l'hc" ndvnutag11:-, ho\\' l'\'<'l', 

111ny lK• l'tnph11tiP11lly i-,:1id to o\ll\\'Pigh th,· di:-advantngc·:-, l\'- in­
rren"-rd vohuLtion duf• to fr11ntng1• n1orc- thnn c•on11tPrhnlanl'1•~ 
this: ,ro hington, I>. l ., j .... the 1111) t notable ('XJ>l11H'llt of thi:, 

) \('Ill of :-ll'L'('t drsig11. . -
1'he follo\\·ing: is an nbL troct taken iroan a paper, hy J.,1•,vi:-- ~1. 

11nupt, "hich . ho"· 111orc in <l<•tail the nilva11tagl'. of tlH• 

nrrnngen1Pnt. 
'' 'l'hc .. ~~tc.•111-- 1nuy he di,·idPd into t\\·o cln ~<1:;: \,-t, regular. 

nnd ~d, irr •gulnr. 'l'he fir~t eln..,- lllll)' he ubcli,·ided into rt>e­
tangular, clingon~\l, nnd ,•ir,·ular: the f:ccond into e,·t>ry po -.ible 
kincl of di tGrtiun 1norr or lc~--~ intricat,·, ucc11rding to the circurn­
st.nneL-s 11tl"lldi11rr the gro,vth of n city. The latter 1·1 ... is di,-

t 
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carded as being unscientific, expensive, inconvenient, and poorly 
adapted to the requirements of a growing community. 

" As people move through a city in every conceivable direc­
tion, it will be impossible to provide the shortest lines for all; 
but the case may be met by supposing a greater or less number of 
centres or points d'appui, to and from which the currents of daily 

life flow and ebb. 
" With reference to the subdivision of the first class, it is 

evident that, the straight line being the shortest distance between 
two points, the chord will be shorter than its arc, and hence the 

_J L..-1 ___ __,I L _J ,_' _ _ ___ __ _, L 

L----_;_z ___ _,w.__ l 
V 

71 ,. I 1 7 i 
FIG. 54. 

circular system is defective. The rectangular compels a waste of 
distance and time, and the diagonal by itself becomes the rec­
tangular, so that no single system fulfils all possible requirements. 
A combination must, therefore, be resorted to, and that composed 
of right-line elements is both the simplest and most direct. A 
judicious arrangement of diagonal streets with the rectangular 
systen1 will doubtless be found to meet more fully than any other 
the requirements of the case; but it is evident that if the streets 
be too wide or too numerous, the building areas will be corre­
spondingly decreased and a certain proportion of people forced 
beyond given limits, thus increasing their distances. On the other 
hand, the diagonals will in general open new building lines with 
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n1orc than residences enough to provide for all the displaced in­

habitnnts. 
" rro illuAtratc the utility of such a con1bination, suppose a 

portion of a lo\vn or city to be laid out in the forn1 of a squarr 
\\'ho~e sid<' i~ L f<'et Ion~, nnd in \vhich the blocks arc l feet ~quarc 
and the ~t rcctc:. 1v f <>ct v:idc. 

" l .. l't thl' din~onul.8 of the large ~quarc be opened as thorough­
fnrL'S, aud notP lhl'ir <'ffc·ct. 1'11<' blocks or s1nnll ~quarrs extend 
fro111 t ht' n1iddl, of one :-;lrPrt to t l1al of its parallel, or fron1 the 
huildi11g line of unl' hlnck to Lhnt of th{' nc'\l; hence thl' length of 
n sid<· ur :,UC'h n. ~qunre 1nu:--t hl' /+It' (Fig. 54). 

" 'l'hc· nn·a of thr srnall :-;quart', ineluding thr streets, 1nulti­
plil'd hy th<' 11u1nh('r or ~uch squares, \Yill !;iYc the area L2 of 
that portion of the city, und the ratio of strc<'i lo property arra is 
t lH· snn1<· fnr I h<' :--ntnll n~ for the larg<.' :--quarr ·; hut the area of 
th<· ..;1nnll ~qunr1•s i~ (/ + w)2 =12 + 2lw + u•\ in ,vhich r- is the 
propPrt y or huildin~ nrcn, and '2hr + ul is t ht' street arra; the 

. . '2hr + 11,;z 
r:1t10 b1•1ng r- and tht' perec·ntagc of ~trect to property 

:ll'l'fi J 

'2/u• + u? - f- - 100 .............. (,\ ) 

'' l•or nny rl'ctnnp;lt• ,vith strPet:-- of unequal ,Yidths, the gcn-

1•rnl for111ula \\'ould he 
be+ ad+ l>d 
--- 100 ............ (.\.1

) 

ac 

in ,vhich ,, nnd r. ore the sides of the rectangle, and band d the 
"·idtli:,; nf th1• ~tret•l ,_ If the ~<' <1uantitics arc rqunl. ench to c·neh 
(.\ 1 ) h1'{·nn1c5 (.:\ ). Th.,, nu1nh1•r (11) of block.-. in a giycn square 

,vho:--<· nr 'I\ i~ L~ ,,,ill hr 
1,2 

(I )~ = 11. .•. •... .•... (B) + u· .• 

·• If nn\\' two dinrronnl--. >1); and Pll he introcluccd, it is cYi.-

1 l 
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dent that where they cross the rectangular streets no additional 
area is taken from the private property of the city, but they 
will rut out of each of the small squares which they cross an 

- w 
area whose length is v2l2 - 2 , breadth w, and ,vhose area for 

one block, l2, is ( v2l2 - ; )w (see Fig. 54). For n blocks the 

total building area consumed from L2 by both diagonaL'3 "·hen 

n is even will be 2nw ( v2l2 - ; ) , and the percentage of the 

building area will be 2; ; ( v 2l2 - ~,) X 100, which reduces to 

w -l?(2.828l - w) lOO .............. (C) 
n-

the formula for diagonals 1vhen n is even. If n be odd, C becomes 

:Z2(2.828l) 100 = 282.8 :z ............ (C1
) 

" If diagonals be opened, benefits \vill accrue both from the 
shortening of distance and the additional frontage which will be 
furnished, while but a small proportion of the inhabitants \\1.ll be 
displaced. The greatest economy in distance "·ill be in passing 
fro1n M to O (Fig. 53), which by the square systcrr1 is equal to L, 

lb h d
. l L · ,,- th . b . Lvt 1.4142 70 anc y t e 1agona v ½, e ratio emg 1 = 2 = 100, 

the numerator indicating the distance (in feet) by the diagonals, 
the denominator by the squares. This gives a gain of 30 per 
cent, which is the greatest amount possible and from which it 

diminishes to zero at P. 
" The total length of frontage on the streets in the square 

system is 4ln2 • The diagonals give an additional length of 
4n('\ l 2l2 - w), and the percentage of increase is therefore 

zv2-w ---100 ....... . ..... (D) 
Zn 
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" The ratio of people displaced is the same as that of the area 
consumed by diagonals to the entire area L'. 

"To determine these values for any particular case, and so 
discover ,vhether or not the diagonals will be beneficial, let l ~ 500 
ft ., w ~ 50 ft., and ,i ~ 10. 

" Forn1ula (A) gives 21 as the percentage of large or small 
squares consumed by streets in the rectangular system. 

" Formula (C) gives only 2.82 per cent of additional building 
area consumed by cliagonals. 

" For1nula (D) gives 13 per cent as the increase in frontage 
due to diagonals, and it has been sho,vn that the saving of dis­
tance varies from 30 per cent to nothing. 

"The number of people displaced, which is only 2.82 per cent, 
,vill be abundantly provided for by the additional frontage on the 
diagonals, revenues will be augmented by assessments on tha new 
buildings erected, and a large saving ,vill be effected in time and 
distance for a 1najority of t he inhabitants by this combination of 
systen1s, which is t herefore found to fulfil the requirements of 
practice n1ore fully than any other. 

" Sin1ilar applications of the ahove forn1ula "rill show to "'hat 
extent the plans of cities already established or to be built, rr,ay 
be improved by the opening of diagonals; the most economical 
relation of street to building area, the proper clistribution of the 
street area, and, by extending t.hc analysis1 the ratio of pave1nent 
to carriage,vay n1ay also be readily determined. All of these 
questions have a direct bearing on the convenience, health, and 
extension of our cities." 

Fig. 55 shows the system adopted in laying out the streets 
of Washington, D. C. 

Size of Blocks. In the rectangular syste,n the blocks are in 
the form of a parallelogram, and where there is a preponderance 
of traffic in one direction it would seem to be the most satisfactory 
arrangement. They should be rather long and narro,v, i.e., ,vith 
the length from 3 to 4 tin1es the width, the latter being about 200 
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ft. This lirniting ,vidth is d<.'terniincd by the depth of 2 lots, since 
it is un<lc:--iro.blc and prohibitc:cl to have buildings so situated as 
to lack :-:tre<>t frontage. A depth of 200 ft. 1,ern1its of plenty of 
light and air in the rear of buildings, ,vhile a length of 600 to 
XOO ft. ,vill provide ::-.ufl1cient cross streets to makr all houses 
<.·n~ily atces::;iblc. Probably the best arrangen1ent of the houses 
in the rcC'tangular sy:;tPnl is ,vith a 1nain alley at the rear, about 
t,,venty f(•cl ,vidc·, i.e., ,Yide enough to perinit of t"·o tean1~ passing, 
<·<·nl rally loeate<l and running the long ,vay of the block. Huf­
fi<·iC"nt nllc•y::; :should connect "·ith the sille streets to insure rrady 
<'nt rnnec' to tht• rnain one. Thi~ design pcrn1it~ of the tradt'~­
p1·C1pl<· entering fro1n the rear, and aYoids thr unsightly and llis­
agrec·n.hlc ennditions that arise \Yhcn house refuse, garbage, etc., 
111u~t be t<,llc'c·tcd front in front of onp'~ n1ain entranrr. 

Size of Lots. l ,ots 25 X 100 ft. are "·ell suite<l to both 
I n1:--inc•:--:s nnd rl'sitlrntial nc'rd~. In NC\"\' 1· ork ('i ty, ho"·cyer, 
\\'lH•rP l IH• ,·nlue::-- of real estate arc so high, the frontage has been 
d(•c·n•nsc'd in 111anv cases to 20 ft. or lcc;s . 

• 

'l'hc· dPpth i~ dett•rn1incd hy the distance brt,Yccn streets, ns 
no hou:::;P.::: nr<' pcrn1il trcl lo he built unlc•ss facing on a thorough­
fan'. 'l'hi:::; pn'Y<'nts the uuhc•althy and un::;anitary conditions 
\ hat c:,;:i~t \\'it h '' n•nr trncn1rnl~," and insurrs light ond air to the 
ort·upn11t • nf hou:-r.s. To furthrr JH'nYidr for both of thc~e 
1 hl't'l' is nn nrd inanc·l' in the· C'i ty 0f ~ <'\\ l ~ nrk \\'hie h allo,Ys only 
n c·,,rhiin pprc•c'nlug1· of nny lot to he huilt upon. 

In 1T•:-idPnt ial di~tricts. pnrticularlY in R1nnll to\\11::-;, ,Yhere ap­
pc·u.rancl' and hl'nlth arr 111orc cnrrfully consiclrrrcl, thr houses 
111ny h1• plncPd in tht CC'nlrc of t\\·o or ,nore lots. thu::- f-ccuring 
lirr•nthing spncc, nnd aclcling to thr looks. On thr othrr hand, in 
hn~i,11•,!'i Sl'<·tion:5, \Yithin lin1its, it is highly dC'sirn,hlc to haY<' the 
ln1ildi11g:-- n~ C'losc together as po:::sihlc, not only to conccntratr, 
hllt t n prnn1ot(' trnd<· 

Width of Carriageway dl'pcnds upon the kind and an1ount 
of tralhc, \Yhieh in turn i:s rC'latctl to the nature of the district in 
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"'hich the street is located. Residential streets should be from 
thirty to eighty feet between curbs, specific values depending 
upon local conditions. In foreign cities usually some percentage of 
the width of street is taken. The smaller Yalues seem to be 
much more prevalent in the East, while the general practice in 
the "\Vest tends towar<l the larger values. The above \vidths will 
ordinarily provide enough space for carriage or light delivery 
traffic, and at the same time afford sufficient light and air to as­
sure a healthful condition. The latter, i.e., the light and air, 
are beginning to be appreciated as in1portant factors with the 
present pronounced tendency to~\'ard "skyscrapers," particularly 
in large cities. I n vie,v of these facts a height lin1it for buildings 
at Springfield, :t\1ass., has been proposed the object of which is to 
limit the height of all buildings to 100 ft. in the business section 
and 80 ft. in residential, and also to preclude buildings being 
erected that arc higher than l½ times the ,vidth of street. The 
reasons for these lin1itations are purely sanitary. 

On business streets the distances betv,een curbs vary from 
80 to 140 feet. Such widths are necessary to provide against 
the congestion of traffic, ancl to pern1it of the operation of street­
car lines. The above figures are seldom exceeded, though fre­
quently the values in practice fall short of then1. Thus in 
Brooklyn, N. Y., there are streets only thirty-four feet \vide which 
contain two trolley-car tracks. "\Vhere surface lines exist it is 
better to have the streets v.i.der than under normal conditions, 
and son1e advantage \vill be found in placing the tracks at one 
side of the street rather than in the centre. 

Width of Pavement depends upon practically the same fac-
tors as width of carriageway. In residential districts the width 
of paved footwalks n1ay be eight feet as a minin1un1, "rith the rest 
of the sidewalks sodded with grass and planted with shacle-tree8. 
Greater width is probably not needed, except under peculiar con­
ditions, and the increased width only adds to the expense of con­
struction, 1naintenance, and repair. I n large cities and in the 



1()7 

hu in1•-.-- distriet~ th<· c·ntin· ~ptH'l' bl'l\YC't'H building line an<l curh 
should he pttVC'd, u11d this \Yidth ::.houhl ha.Ye yaluP:-: bC't,vrc'n 

t,,•1·nt,• a11d thirty f1·Pl. 
~ . 

Street Grades. 'l'hl• gradl' of a :--1 rC'<'l i1-, vc•ry i111porlant. as 
upon it d1·1H•t11ls thP surfac:<' drainng1•, ,vhich is a factor in the 
h1•altli nf llH· c·u111111unily, lh<' ~radP of the \\'alC'r and sC'"·<'r pipes 
h1,111·atli thP ;-;11rf1H'l' of the strt'<'l. and tlH' lund thnt nut)' h<' 
haulr•d ovt·r thl' pu,•c•nu·nt. ~ul'h grn.dPs ~houhl a::- n ~·uh• b<' 
p;-,,talili . l11•d lu•fnrP in,prn\'PttH•Jlts urc> hPgllll, n:-: thC'y arr Yery 
11111<'h n111rc 1·1·0110111irnllv locat!'1l. '' '\o urhitrnry rule for a . . 
111:1 xi11111n1 gr:1d1' 1·a11 li1• 1nid dn,,·11. I3ut i11 n 1·it \' that has hc·en 
pnrt inlly i111prn,•l'd no grade• :--houltl ht' c·-.talili~hed in t·xerss of 
tl11· 111axi11n1111 nt that t1n1t· i11 for<'<', unh•:--s nl>::-olutc·ly lll'C't'::isary." 

\\"hill', 11nd1·1' onli11nry c·n1Hlitio1tt:i, the grade ~hould he as ~n1all as 
p1J:-.~il>l1•, in l'hiC'ugo l h1· <'XI re111l' en~~ prt'~<'nls it~l'lf, for the city 
iR F.o 1\at that it h(·ro1111·s n probll.'lll to ::-.Pl'lll'C drninugr . 

. \ ~rad1• of l'ight or tl'n p<'r <'<'nl ought to b<' the nu1xin1un1, 
though grad,•::; ~ri'n I lr in 1·xc·1•~::-; of this <•xist in 1nt111y of uur larger 
Piti1•.:; nnd HI"<' irC'q\u·ntly ll:--('tl. Sueh yn)ucs do not, of cour~<', 
J)l'l"!'llt I In· :--:11111· difH('ult i,·s to li{?:hl pl<·a~urP l raflic ns to h<'aYy 

tru,·king. hut for thl' lalt Pr, tt·n per c·<·nt 1nny be sni1l to ht' the 
11111xin1un1. 1,(,y11111l t hi::-; it '"i11 bt> di(HC"ult nnd expc•n:--i,·e to 
hn u I, pa rl i<'11ln l'ly u11d1 ·r unfa yornhle at 111o~phPri<' c·orHlit ion::-, 
d,•-.pit • l 111• l:u·t that for short tli:--tnn<·P~"' hor:-('::-- nn' 1•nnhl<'d tn 
exert HJ1pr11xin,at,·ly (\,·ic'l' thc•ir nnnnnl effort. I:1 T)uluth, 
.\linn., n parti<'ulnrly hilly c·ity, grade·::: of 1:2 pl'r C'('lll Ul"C" rnu11tl: 

in Pitt.-:;liurg. Pa ., th1· n1axi111un1 i~ 17 P"r c·Pnt: and i11 ~l'\\' 

, \irk 1~ pt•r t'et1t. 
( )u Sllf'h l11•nvy grad,•-.: thr f1>ntholil ~hnuld hr a:5 n1•urly (H'J'ft•c t 

fl::5 p, iblP, ,vhilt• t IH' p:tV<'llH'Ht :--houltl at t h1• ::nnu• t lllH' off,•r 
n. Hl t 1-. 1-e:-i:-tatH'" t 11 t hl' \ll'hi ·li•-:. \ o ~ut·h pn\1

f'111Pnt cnru­
binL.:- thc-.1..' t\\' 11 ·hural't,•ri:-tic·. tu a n1nrked ,lc·!!l·t•t•, nnd in con-
C'flllenrc fot1l hold I II k<'-' pr(' l'f' • h·11t ovt•r ,1n,)11t h1H':-~ of '-'\ll'ltv·1 .... 
Far thi--. ren ... ,,n hrir-k. r-,,hhlt~, nr granite hloC'k shnuld lie u:-:rd 011 

---



168 HIGHWAY ENGINEERING 

steep grades, t hough on inclines of 5, 6, and 7 per cent asphalt 
seems to be chosen by drivers in preference to the rougher 
paven1ents. 

The more important factors influencing the choice of grade 
are drainage, both surface and underground, cost of construction, 
consideration of traffic, and the effect on the value of abutting 
property. 

Grades at Street Intersections. 1,he establishment of 
grades at street intersections more often requires the use of judg­
ment and ingenuity than the folloV\ring of some rule of thumb. 
The plan adopted by Herring and Rosewater, however, in the 
setting of grades at intersections in the streets of Duluth, Minn., 
is frequently quoted, and is perhaps as satisfactory a method as 
has been so far suggested. 

At intersections, in the business sections, grades are flattened 
to three per cent for the width of the roadway of the intersecting 
streets, and that of the curb is flattened to eight per cent for the 
width of the intersecting sidewalks. Grades of less amounts, 
on roadway or sidewalk, are continuous. The elevation of prop­
erty corners is found by adding together the curb elevation at 
the points facing the property corners and also the sun1 of the 
widths of the 2 sidewalks of the corners multiplied by 2½ per cent, 
and dividing the whole by 2. This gives an elevation equal to 
the average elevation of the curbs opposite the corner, and an 
average rise of 2½ per cent across the width of t he sidewalk. 

Another method of adjusting grades at street intersections is 
to give the 4 building corners, the 4 curb corners, and the 8 points 
on the curbs opposite t he building corners all the same elevation. 
This arrangement is satisfactory only when the grade is small, i.e., 
under 3 per cent. 

The most usual method of establishing grade at intersections 
is by considering the grades of the centre lines alone, but this, 
especially on side hill streets, leads to confusing and unsatisfac­
tory results. 
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Side Hill Streets prt>:;l'nt. ~on1e difficultirs at corner.- and 
c•rr)--~ing-( \\'h1•n• l Ii<' grad<' is at all cxccss.ive. '''ith norn1al con­
ditio11 , u ::-I n•rt \\·ill hP lo1·alt·d syn11nctrically \Yith rrgarcl to a 
longitudinal centre line, nnil t hr i--anH' gradr~, r te., "·ill obtain 
011 c,1H• ::-ide us on th1· ol lH•r; but "·hrr<' transYl'f~<' graclrs rxist, 
<1tlH1 r arrang<•11tt•nt " ·ill lulYl' to hr nulde in dc•tern1ini11g thr 
1'll~V:lt ion of building 1·or11ers, :--lope of pnYen1cnt, r lrYation of 
!'lll'h c1,rnc·r~. tr:111~,•p 1-;;;;1• grade, po:-:ition of cro,Yn, 1lcpth of gutt<'r, 
h1•ight 1,f r·url1, Pit• .. L•tc. l TntlPr all circ·un1~tancrs a grade o f 

i11. t,, ~ in. lH'l' ft. :--hould he giyen lh<' ~ide\\·alk to srrure 
1lr:1iunge, and I h1• height or C'urh ~houhl hn.Yc· n n1ini1nun1 Yalur of 
:) ins. alld u 111t\Xi111u111 of HI ins. 1~o nc·c-0111n1odate the ~t rC'et, 
tlH1 11, tn tl1t' grn<l1·,. <':ll'C'fully <·xcrti::-P1l judg1nc•nt \\-ill havr to he 

use, l. 
It j;;; tht• g1·1u'l'ltl pntctic1· \\' lH.•rt' tlH' transY<'l':4<' gra1.le is so1ne-

"'hnt . nudl. tu :--\\'iug nr thrn\\' the C'entrl' of thP <'ro,v11 to\\·an.l the 
high Lid<· of the. tn•l't. tn JHttkl' the hl'ight of curb on oppo~itc 
~id1•, of l lu~ :--t n·el u111•qunl, or pnividP 1liffcrcnt grade ' for the 
...,idt'\V11lk-..: hut ,vh1•rP th<· grndl' i:s large, the \\·hnlt' strc<'t nui.y 
ha,·• t , ~\0111• lr:111g,·rr::-1•ly ,Yit h the gru1lt'. nntl under extren1c 
1~onditi11n., 1h1· highc.:r~itl1· \\·ill lut,c· to he· ll'!TOcc>1l. 

I lroh1n~e nr ~ln'('t:-; 111ny hl· dividl'd into l ,vo cla'-SL'~: surface, 

and sub. urfn,•1~. 
Surface Drainage i:-- for t hl' purpnst· of ('olleeting in t hr gut t t•r::; 

ult \\'fllt'r iullin~ 1·itlu·r upun thL· fool- or thP cnrriarte,vay, and :-;o 
dir~cliug it I lint it n1ay h1· di:-;char~,•<l int() n ct1tch-hn,.;i11 1 S<'"-'Pr, nr 
otnP nnturul ottll ·t. 'L'n can· f(lr thl' \\'t\ll'r falling on the fnnt­

\\"RY, n ~rnd,· of one-eighth i111·h per font ~houltl he given, tl\Yny 

fronn th!! hou--e-lini> t11,v:1rd ll11• gut tl'r ; this \\'ill insure the \Yater 
Uo\\·in~ intn the lnttl~r ,Yhilt> the \Yl\tl'I' fnllin(T on thl' ct1rrin1re\\'a,· ~ ~ . 
"ill be dir,•clc l 10,varrl thC' :-:une gutler hy 1nl•nns of the <'rn,vn. 

Gutters ,hould he ch.:'lop enough tn curry off the 1naxiinu1n 
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amount of storm waters. They are formed of the same material 
as the roadway itself where that is asphalt, wood, granite block, 
etc., but on streets where gravel or n1acadam are used, cobble or 
blocks of stone will have to be employed to aYoid the scouring 
action of the storm waters. Asphalt, when subjected to the con­
tinued action of water, rots, and to prevent this disintegration by 
the storm waters in the gutters, a coating of pure bitumen is 
painted along a narrow strip next the curb " ·here the storm 
waters flow. On the very superior gravel and broken-stone roads 
of Central Park, New York City, the gutters are formed of a 
shallo,v trough about fifteen inches wide and four inches deep, 
which drain into catch-basins placed in the path of the gutters. 

Where the streets possess curbs, the gutters are usually for1ned 
by the vertical face of the curbstone and the pavcn1ent adjacent 
to it, but on the streets of country tov.'1ls the gutter is often placed 
some distance from the walk, "'here perhaps no curb exists, and it 
is then formed by paving the botton1 of a trench "'ith small-sized 
stone to prevent erosion. The depth of the gutter should be from 
three inches to ten inches, and should be uniform on streets "rith 
any grade, though on level, or approximately level, streets the 
depth of the gutter will vary so that proper drainage may be 

effected. 
The grade of the gutter in all ordinary cases depends upon 

the longitudinal grade of the street, but a slope of 1 in 100 at 
least ought to be provided to secw·e satisfactory drainage. 

Curb. The curb serves the double purpose of holding both 
the sidewalk and pavement of the carriageway in place, and at 
the same time acting as a sort of shoulder for the gutter to con­
fine the storm v.1aters there that are directed to the sides by 
means of the crown. Generally speaking, curbs should not be 
higher than ten inches nor less than three inches, as the former 
make them difficult to step up to, and the latter will be too shal­
lo"' to prevent the water from flov.ring over the walk. Curbs are 
usually formed of slabs of stone about 6 ins. thick, 18 ins. to 24 

I 
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ins. deep, and varying in length; but they are often made of 
concrete, especially when formed in combination with the gutter. 
A stone that will resist the action of traffic, i .e., wheels scraping 
al,png the front face, and one that is non-absorbent, is best suited 
to the pw·pose, as it will thus better resist the weather action. 
For this reason, granite, limestone, bluestone, and sandstone are 
frequently used. All exposed faces and joints are usually dressed 
so as to secure a close, even contact, and present a pleasing 

appearance. 
The face next the gutter is inclined away from the vertical 

Fxo. 56.-Concrete Curb and Gutter. 

to prevent the wheels from too readily breaking or chipping the 
cw·b when wagons are backed up against it, while t he horizontal 
face is given the same slope as the sidewalk for drainage. 

At corners the curb should be curved, the minimum radius 
being about 2 ft. and the maxim urn about 12 ft.; the n1ore usual 
values, however, lie between 6 and 12 ft. Too large a radius is 
expensive and not so convenient for people crossing the streets. 

The above cut shows the design of a concrete gutter and curb. 
" The most obvious thing about it is the cw·ved waterway 

in the form of a segment of a circle with its chord inclined at the 
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same slope as the last quarter of the street and the first 6 ins. of 
the gutter. This slope is 1 in. to 1 ft. This plane lip practically 
continue~ the roacl"·ay and n1akes it possible to secure a srnooth 
joint ,vith the paven1cnt, ancl thus allo,YS the ,Yatrr to.run freely 
into the gutter, ,vhich is the main feature of the dP~ign. This 
seg1ncnt has about a 12 in. chord and a 3 in. rise, 1naking its area 
25.2 sq. ins. or about that of a 6 in. pipe (28.2 sq. ins.). It i::­
evidcnt that thcrC' is a chance for a large amount of ,YatPr to run 
before the triangular space brt,Yccn the chorcl an<l the lPvel line 
from the edge of the gutter is filled. This latter space represents 

the ordinary gutter of one plane. 
"The aclvantages of a co1nbincd concrete curb and gutter of 

this type in the ,vay of look:'-, efficiency, ancl cost, arc so great 
that it gccn1s thr obvious thing ,vhcrcvc•r a good c·oncrc>te stone is 

available at a reasonable price." 
Crown. The crO\\'Il on city streets as upon country roads 

conRists either of t,,·o inter::-ccting planes or of a curved profile•. 
CtITYCS arc the n1uC"h n1ore u:sual f or1n ancl arc C'ithcr circular or 
parabolic. ThC'y have the advantage of giYing a flat profile 
in the centre, \\'here the n1ost traffic is, ancl \\·here it is 1nost 
clrsirahle that it should be le,·el, besides giving dc•cp shoulders 
or gutters, thus reducing th<· area that n1ust be cleYotcd to 

such purposes. 
The crcnvn is naturally for the purpose of dirC'cti.1g the surface 

\\'aters to,Yard the gutters, and the 1'n1oothcr the paye1nent 
the les~ it should bl'. But it ::-houl<l be f-tated that ,Yhile asphalt 
is the s1noothPst payc•tnent, an1l should therefore reC"eiYe the 1,,ast 
cro,Yn, in ~O1ne cities it is th<' practice to giYe it the maxi1nu1n 
value. This is because the foundation, howeYer "·ell built, "·ill 
giYc to a ~light extc,nt under nor1nal traffic rorHlitions, nncl the 
asphalt, ,Yith no ~upport anc.l pos~es:;ing no struC'tural rigidity 
in it~elf, fail~ to !'5tand up under the i1nposcll loads. Depressions 
forn1, in \\'hich rain collects and rots the asphalt. 

For asphalt, sheet or block, brick, or \\'ood, the cro"-n "·ill be 

: 

' 
' ' 

I 



STREET DESIGN li3 

about the sarne an<l vary fron1 1 in 50, as a minimum, to 1 in 20, 
a~ u 1naxin1urn. i\lacadarn "rill yary frorn 1 in 24 to 1 in 12, and 
granite blo<'ks ,vill haYe a cr0\\'11 of about 1 in 30. Such ·yalucs 
,,·ill, of course, be n1oclificd to ~omc cxtrnt on side hill strrets to 
bc·ttr.r accornplish the requirc<l rrsults under the peculiar existing 

conditions 
Longitudinal Grade. Thr longituclinal grade should, for 

t·llil'ic•nt tlrainugc, bC' about 1 per cc>nt, though in cases, as s1nall a 
gra, h· as l in :~oo has suc·ce~sfully di. po:,c•d oft he surfacr drainage. 
,,·1in,l<'Y<·r thP grade of th<' a \:is of the :.:;trC'rt is, it "rill, "'ithin 
~1nall li111ils, dPter1ninr l hL• gra<lc' of the gutter. 

Drainage at Street Intersections requirc•s care and ju<lgn1ent, 
fnr u:--unlly the 111ost traffie of YC'hiclcs ancl prdestrians oc-rurs at 
tl1l':.1• poinl~. IL j~ the g<•nc'ral praetice, or at least the 111orc 
c•on1n1on onr, to place thl• catch-ha:-,ins al the corners, and hence 
tlH' grc•t\l l':--l Yoltunc of ,vnl<'r oreurs at thcsr points. lTn1css the 
1:-,•1.1l ll•r:-- nn' unu~ually \Yide nn<l drrp 1 thus nu1.king it not only 
dillil'ult ero~...:;ing for pcdcslrians, but also turning the corn0r~ for 
\'l'hit'h•-:, l11t• \\'Ulcr

1 
in tinH.'S of hC'avy rains, "-i.11 tC'ntl to CO\'Cr 

t!H· fool \Ynlk, nn<l in cold \YPalhl'r thl' catch-basins' n1outh n1ay 
he l'a:--ily C" lo~gc•d, leaving a rni.ruaturc lake for people to "·adc 
arnund nr l bro ugh. 

1 f. on t hl' ot hPr hnncl, the gut tPr i:-1 rarric< l under the cross-
ing :--lnnl':-:, thl'll 1 he pos::--ihilitit~~ of it heeo1ning choked arc corre­

spondingly grl'nt. 
'l'n ohYit1tc this condition ,Yith the consequc·nt inconYeniencc 

to pcdc .. ,t rinns, the cal<' h-un~ins should he placed in the gut tcr 
i::11111t' di-.tnnc·c frntn thP corner. 

Subsurface Drainage. lt is ju~t ns irnportnnt that the sub-
t:;urfaec' of n city ~trl'el he "·ell drained 1 to snpport the OYl'rlying 
paYetnl'nt, as of eouutry road::-. This n1ay he nccornplishccl hy 
p111'l1us tile pipe ,,Tith clo~l'tl joints being placed under each gutter, 
n.Illl 1lraining into the cutch-ba~in~. 

Catch-basins o.rc siruply Ytutlls arranged conYcni('ntly to 
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receive the surface drainage, and for the purpose of collecting 
debris, paper, sand, stone, sticks, etc., carried along ~rith the 
water, that it may settle there instead of flowing through other 
conduits with the possibility of clogging them. These catch­
basins are placed below the surf ace of the ground, the mouth 
being protected by iron bars or screens so as to readily admit 
the water and yet prevent larger solids from entering. Periodic­
ally they are cleaned out and are better when they will admit a 
man's body for the purpose. 

TREES 

Apart from the resthetic side of the question, trees furnish 
shade, temper the atmosphere, absorb water from the roadbed, 
and act as a shield against snow and wind. The financial aspect 
should be considered also, as well-placed shade-trees increase the 
valuation of property. On the other hand, producing shade and 
acting as a wind-break to the road, trees prevent the very de­
sirable wind and sun action which are so important and effective 

in drying out the soil. 
But ~-hatE>ver the disadvantages of trees may be, it is and 

has been the practice in the most progressive road-building coun­
tries to plant them systematically along the highways and n1ore 
particularly along suburban residential streets. 

In France all roads having a width of 32.8 ft. and over, have 
a single row of trees on each side, the trees being placed at a dis­
tance of 16.4 ft. to 32.8 ft. apart and on wider roads double rows 
are established. In some countries fruit-trees are planted from 
which the government receives a revenue by the sale of the privi-

lege to pick the fruit. 
The kind of tree to be used depends principally upon the local 

conditions, i.e., climate, environment, soil , air, space, etc., but 
one should be selected that is not easily affected by long dry or 
wet spells, dust, heat, smoke, foul air, soot, insects, injury, etc., 
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Pt c.:. 1'hr•y :--hould proYide plenty of foliage, be rapid in growth, 
yt>l lung-liY<'<l and pleasin~ in forrn. 

1'lu· tr<'<'" arl' u, ually plneell fron1 t,vruty-fiyc lo fifty fert 
apart ~o that tlu•ir li1nbs n1ay not interferr, and. ,vherr therr if> a 
}>U\'P11H•nt the <.>ntirP ,vidth of the ,,alk, nr0 protected by an iron or 

tSlollt> grating around th<' base of the· trunk. 
In )ln:--::-ttchu::..etts, "·h<·r<' during the po.st fc,r yenrs tree plant­

in~ nlong tlH· puhlic high,vny. ha~ rPC'civt'<l sotnc attention, the 
folhl\ving vnri<•l it•~ \V<'l'<' planlt'd in l 0O5, sho,ving thP varirty and 
l'h11i1·1· of :::-Pl1·c t ion : 1 , i':{7 r11a pie>-; :-su~ar. N or,vay, '" hi l <': 1,000 
t>lt11~: !>:l~ nnk::-:-red, ~carl<•t, ,vhit<', pin: autl sonlc six hundr<'<l 
of variou:-; kin1ls, in<'luding the> ,vhilc> pine, locust, ,villo,v, cte. 
'rh,· cn,t llf llu•~(' trees in 1~)05 \YflS ~l.14 each, nnd in 1906 $1.01. 

1\1·<·onlin~ tn tht' ('01n1nis~ion, the destruction of the> trees 
n>:-,nlt:- frntn s1nnll boy:s, cnrelc·ss drivers, stray cattle, drought, 

nnd in ·cets. 



CHAPTER VII 

STONE PAVEMENTS 

COBBLESTONE. 1,rhile it is a fact that cobblestone pavements 
are seldom, if ever, laid to-day except where the grade or the 
traffic is heavy, mention must be made of them because of their 
extensive and almost exclusive use during the period when 
pavements were first being laid in American cities. 

A COBBLESTONE P AVE1IENT is one consisting of rounded stones 
placed upon a suitably prepared foundation of either the natural 
soil or sand. Originally, most of the pavements in the United 
States were constructed of this material because of the advan­
tages they presented in the cheapness, accessibility, and durability 
of the stone, though their many disadvantages have been the 
means of other paveznents being substituted for them. A 
cobblestone is any well-rounded, water-worn stone, taken from 
beaches or gravel pits, and, as used in pavements, about the 
shape of an egg, though much larger. For paving purposes the 
stone should never be less than 4 ins. in diameter nor greater than 
8 ins., and from 5 ins. to 10 ins. deep. The stone n1ay be laid 
upon the natural soil, though this is hardly satisfactory, or upon 
a foundation of loan1y sand of about 6 ins. in depth. If a greater 
depth of sand is used, or if the sand is too clean, it is found that 
the cobbles have a tendency to overturn under the action of 
traffic. The stones are set on end, that is, with the long dimen­
sion vertical and rammed into place by a 50 lb. rammer, while 
over the surface is spread a 2 in. layer of sand or gravel for the 
pw·pose of filling the joints and aiding in holding the stones in 
place. 

176 
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There are few advantages and many disadvantages connected 
with a cobblestone pavement. It is cheap and furnishes an 
excellent foothold for horses; but, on the other hand, it is rough, 
noisy, pervious, requires a maximum of tractive force, has a 
poor bond at joints, is easily rutted, hard to keep clean, unsani­
tary, and in fact may be said "never to give satisfaction, being 
only a substitute for a pavement." 

Cobblestones may, however, be used to advantage where 
heavy loads are to be hauled on trackways, over which the wheels 
run, and between which the rounded stones are laid to offer a 
foothold to the horses. 

This applies more particuiarly to one-horse loads, or where 
two or more are hitched ahead of each other, as is the custom 
to a considerable degree in Europe, for where the horses are har­
nesse<l two abreast, as in Americ~, so that they walk in the 
tread of the wagon, i.e., on the track ways, no advantage is to be 
gained. 

• 
BELGIAN BLOCK 

This pavement superseded the "barbarous" cobblestone be­
cause of its superiority, though it in turn has been discarded in 
favor of the granite-block, or block-stone pavement for a like 
reason, where t.he demands of traffic have been such as to require 
a covering of this general character I t derives its name from 
the fact that these pavements were first built in Brussels, Bel­
gium, and it is purely a generic term designating any pavement 
where blocks of a given shape and size are used. Due to the fact, 
however, that most pavements of this character, as laid in and 
around New York City at least, were of trap rock, any co,rering 
with trap as the material came to be kno~rn by the name of 
Belgian block. 

The paven1ent possesses some advantages over cobblestone, 
yet, on the other hand, it lacks some of those fundamentally 
necessary characteristics which 1nake an ideal covering. The 

12 
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material is so hard that it is extremely durable, lasting longer 
than any other stone, and because of the shape, the blocks are 
1nore stable when in place than cobble, though not altogether 
satisfactory in this respect either; it is cleaner, a:r;id the ref ore 
less unsanitary, because of the s1nallcr joints, but it is 
rough and noisy, and, when worn smooth by traffic, lacking 
in foothold. 

The blocks should be of trap rock " of durable and uniform 
quality, each measuring on the base or upper surface not less 
than 6 nor more than 8 ins. in length, and not less than-! nor 
more than 6 ins. in width, and of a depth not less than 6 nor 
more than 8 ins. Blocks of 4 ins. in width on their face to be not 
less than 4 ins. at the base. All other blocks of transverse 
measurement on the base to be not more than 1 in. less than on 
the face, but no block on the face should be of a less "ridth or 
length than 4 ins. Blocks laid along curbs must in all cases be 
8 ins. deep, and at least one-third of the whole number must be 
of like depth. The faces of the blocks n1ust be smooth and free 
from all bunches or depressions.'' 

The blocks are generally laid in parallel courses across the 
street upon a sand foundation six inches in depth, and covered 
with a layer of sand which is swept into the joints until they are 
filled, after which the pavement is thoroughly rammed until the 
upper suTface has been brought to grade. A better way, howeYcr, 
is to lay them on the diagonal so that the joints may not then be 
parallel to the direction of traffic. Though this is expensive, the 
results in wear seem to warrant the practice. 

GRANITJiJ BLOCK 

In view of the fact that both cobblestone and Belgian block 
have proven unsatisfactory through their inherently weak 
characteristics, which more or less unfit them for heavy grades 
and traffic, granite block has replaced then1; for it not only con1-
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J,j !If':, 1111 u · 11f 1 I, .. ~up, ·ric 1r 'I ua lit ic·:- 11f I h<' t ,vo f ortnPr t n u I h·p:n't\ 
hut it p,, ... ,. ~1~ d1·:-irnhl<· quuli1 i<·~ oi it::- c}\\'11. This n·sult nri:.-;1•s 
c•hicfly fn,111 t lir judi<•i()t1:-, :--r-lt·<·lion of n 1nnt1·rial ~uit<'d to t ht• 
11t•t>d~ nf t l11· 1 rnlli,· 11-:i11g it. tng1·t h<'r \Yit h n C"huict• of :--hap<' 
nnd . iz" tl1at ov1•JTOl!H' in n 11u•a.;ure th<' di:,-;:tdvn11tn1;<'~ of 
th«· l)f IH•r •. 

1'ltc· )'l'i111·ip:il nd\':\llt:1g1•~ uf ~uC'h a bln<'k paY<'llll'11( nrc• that 
it i!'i. uituhl•· to lu a\'~' gradt•s, i-.: durahlt•, and furni-..hc·~ n p:ond 
fcn>tliold; l,111, 011 th<' Pll11·r hund, 11ndPr t'Pl'tain nt1uo:::-pheri<· 
co11dit ic>ll"

1 
i., ., ,vh1---11 t h1• at 1J1thph11n• i::- :-aturnt,·d ,vith n1oii--t un•, 

111' \\'lu·11 tl11-:.r1• i:- :1 ~light pn•C'ipitat1on nf th1• :-;anH·, it lu•c•on1C':­

• lipp1•ry; c·1•rt:1i11 gr:1d1--.s 11[ :::-ton1• poli ·h :--llllH>I h u11dt•r tht· uetinn 
of lndli<· \\'ith 1111·. :u11r• r1•.:.;1tlt, it is ro11~h nt li1•:-;t, noi:--y, hard to 
keep 1•ll'a11. :ind u11~a11ital'y. 

' 1'l11· \'C'f')' lial'Clc•,t r11rk:-. :-:u«·h n hasnlt und th<' tru1· ~ra11itc•:-. 
nr•• llfll at all. uiti•d lo lilock-:--to111· pavt·11H·llt::;: fnr \\·hilt· it i::- tru1· 
I hL•_v arc• •·xt n·11H•ly I lur:1hlc·. n•--ult ing in n 111iui11n1111 of ,vcnr 
and <'lllt"t•p1P11tly 111·<· long-liv(•d u11d 1·hl·np. thPy an• .-.o hnrd n~ to 

• 
ber•r 1111• in ti1111• . 111not h aud fni1 tn furni~h a go11d foot hold. 
Lound,~d <'rlgr-s :111d :i ~lighl n111utu11 nf pr<•l'ipitt1tinn c·nu::-r· th<• 
blo1·ks t, h •1•111111· n-.i :--lippt•ry :i-. I hough gn•asl' had ht>Pll ~prc•ud 
o,·,·r t hf'111. 

\ y1"11il1•1 i.e., a gr11nil1· in \Yhi1·h tl11· hnnil,l,•111l,~ pn•tlorni­
nntt• ... , or a hnrd :--a1ulst11111•. :-U<'h a:s t lt1· ~IPdina sand-.t ()tl(• fn11nd iu 
,.,,nt rnl nnd \\'Psl1·rn ~ t'\\' , ·11rk. nn· y,--.ry n1uc·h h1•t ll•I'; pnrt i ·ulnr­
ly thr· Int l<'r, for \\'hilt· it i:- h•.,s durnl ,Ir-. it~ phy:--i<'nl c1)n:-tit ut ion is 
. 11ch thn1 it nr-,·rr pPli,..ltr-., l11•t1)IHf':- :-lipp1•ry. n11r \YP!'r .. u111•Y111tly. 
111 1hr fo11u {If hlock~ thi .n11d~t11n1• ha, hPf'n ,-:.xt4~n~i\'1•l" ll~Pd 

• 

both in tlu \\'t~lcrn N,•,\' '{ork a11d Lnkt• <'itiP-.. ,,·ht•n·. a-.. i11 
BufTnlo nnd Hoc•h,•-.tcr. it hn::, [!lYc·n f'111in1•111 ~ati--factio11. l .. i1111'­

lonr hru ul--u h n c.:rnploy, ... ,l, but it l:u·k"' durnhilily, nud ,,·rnt'fl 
o un.,,·r11lv lhnl it j .. fur fronl bring u :-itti,fa1·tor,· ~uh,titutc . . 

foreithrrg-rnnitr<,rr,•rtni11 ~rndr, of,an l"t(,nt'. 

:-:1z1 of n1.oc K .• \ ide iro1n ol hrr uni:\vornlilc· (·hnrnett>ri,t ir-., 
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the size and shape of both cobble and Belgian block are against 
them. In the former pavement, the stones are set on encl as an 
egg "'ould be, recei,·ing their support through the lateral press­
ure of the adjacent stones, and by the fact that one encl is en1-
beclded in a layer of sand. This resulted in the pavement be­
corning quickly rutted, which applies, but to a lesser degree, to 
the Belgian block. The object, therefore, in the selection of a 
paying stone was to secure not only one that ""as durable, but 
one which, because of its shape, should form a stable paYe­
ment. 

"For stability a certain proportion n1ust exist bet,veen the 
depth, the length, and the breadth. The depth n1ust be such 
that ,,·hen the ,vheel of a loadecl vehicle passes OYcr one edge of its 
upper surface it will not tend to tip up. The resultant direction 
of the pressure of the loacl and the adjoining blocks should al\\1ays 
tend to depress the whole block yertica.lly; "'here this does not 
happen, the maintenance of a unif orn1 surface is in1possible. To 
fulfil this requiren1ent, it is not necessary to n1ake the blocks 
more than 7 ins. deep." The ,vidth should be such as to give the 
horses a good foothold, ancl thereforr, in a 1ncasure, this din1cn­
sion depends upon the size of a horse's hoof. It has been found, 
ancl practice requires, that this factor be fro1n 3 to 4 ins. The 
length varies from 6 to 14 ins., but depends prin1arily upon 
(1) the necessity of breaking joints properly to prevent ruts, and 
(2) the need of keeping blocks small to preYent splitting or becom­
ing unwieldy. 

'\Vhatevcr the size of the blocks, ho"·ever, all specifications 
require that they shall be square, i.e., parallel faces shall be of the 
same dimensions. This precludes " 'edge-shaped stones, which 
are to be carefully guarded against, as they give but little sup­
port to adjoining blocks, and arc then1selYes unstable in the paYe­
ment. It is particularly essential also to sec that the blocks do 
not vary in depth by more than one-half inch, as greater varia­
tions cause irregularities in the surface. AJl stones receive 
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approximately the same amount of ramming so that with un­
equal depths all blocks do not reach the same firm and unyield­
ing foundation. ,Vhen an excessive load is applied, therefore, 
the shallo~'er stone is forced down below its neighbors. 

THE FOUNDATION for any pavement should be properly pre­
pared, and cobble or block stone is no exception to this rule. 
To accomplish this, the subgrade of natural earth should be ~are­
fully examined, unsatisfactory material having its place filled 
with fresh earth or sand, and the resulting foundation brought to 
grade, by rolling so as to form an evenly compacted surface. 
Upon this surface is usually placed what is termed the cushion 
coat,which is nothing more nor less than a layer of sand, and which 
acts, as the name indicates, as a cushion for the blocks of stone to 
be placed upon. These blocks, no matter how carefully dressed 
to dimensions, have irregular surfaces '\\rith projections or de­
pressions on the several faces. I f in this condition they were 
placed upon an unyielding foundation, or even upon a semirigid 
one, it would happen that most of them \Yould fai l to receive 
uniform support over the under face, with the result that the 
pavement ,vould be speedily rutted and broken up by hollow 
spots. The sand or cushion coat prevents this, for it quickly 
adjusts itself to the irregularities of the surface with which it is in 
contact, so that any load applied to the upper surface of the 
block is transmitted uniformly through the sand to the founda­
tion below. This is as it should be, for if the total load on any 
one block, when a wheel is passing over it, were carried to the 
subgrade by only a small portion of the block-as, for example, 
by means of a down,varcl projecting point-the intensity of 
pressure would be so great as to cause the block to break through 
the surface of the subgrade, and depress the surface beneath that 
of the neighboring stones. The cushion coat should never be 
less than one inch in depth, and should be of clean, dry sand. 
If it is dirty, that is, if it contains loam or vegetable matter, it 
will not be so mobile in the farmer case, and in the latter the 
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process of <lecon1position "'ill leaYe voids. If damp or wet, it 
should be heated to drive off the moisture, since the presence of 
the same causes heaving under the action of frost. 

LA YING THE STONE. Upon this cushion coat of sand, the 
blocks should be laid in parallel courses across the street, from 
the sides to the centre, ,Yith the long edge perpendicular to the 
axis of the strrct. The blocks should break joints \Yith those 
in the ro\YS adjoining by not less than t"·o inches, and these 
joints should be as sn1all as possible. Wide joints increase the 
\Vear and do not improve the foothold. The blocks are then 
brought to the required grade and profile by ramming, for which 
purpose a rammcr of about fifty pounds in "·eight, "rith a butt 
not less than three inches, is used. This ramming should be 
continued until the blocks sink no further under the application 
of the blo\vs, and if they do, then they should be removed and 
n1ore sand placed beneath thcrn. If any of the blocks, on the 
other hand, rise above the general elevation, they must be re­
moved, and reset till the desired condition is obtained. 

THE J OINTS are filled "vith a Yariety of 1naterials,such as sand, 
a grout of cement mortar, bituminous cement, etc. The pur­
pose of the joint filling is, of cow·se, to prevent any 1noi~ture from 
reaching the foundation, so that, all other things being equal, 
that ,vhich best satisfies this rcquiren1ent is the n1ost satisfactory. 
For this reason sand is not so good as either the ce1nent mortar or 
the bituminous ce1nent. But the mortar used as a joint filling 
is so easily chipped under the action of traffic that the better 
specifications call for the bituminous cement. This latter may 
be tar distillate, a mixture of tar distillate and refined asphalturn, 
or various mixtures of asphaltun1, creosote, and coal tar. 

The specifications for New York City prescribe: 

Refined Trinidad asphaltum. . . . . . . . . . . . . . . . . . . . . 20 parts. 
No. 4 coal-tar distillate ... ... .. ... ... ... ... .... 100 parts. 
Residuum of petroleum.. . ..... . . . . . . . . . . . . . . 3 parts. 

Such a joint filling should be brought hot to the place where 
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the stone is being laid, and should be kept so until used. When 
the pavement is ready for the joint filling, the joints are first filled 
with small clean pebbles or gravel to vvithin two inches of the 
surface, and the bituminous cen1ent or other n1ixture is then 
poured into the joints. More gravel is then swept into the joints, 
followed by more cement, and this procedure is continued until 
the cement flushes to the top. On top of this finally is then 
placed fine gravel or sand. The a1nount of cement to be used 
~'ill vary with the si7,e of the joints, but will average between 
three and twelve gallons per square yard of paven1ent. 

The method of laying the blocks at intersections will be the 
same as for brick pavements ~·hile on steep grade, to afford bet­
ter foothold, they may be placed on edge. 

The complete specifications governing the laying of granite­
block pavements in New York City are appended belo~'. 

SPECI FICATIONS 

FoR REGULATING, GRADL."\G, AND PAVING OR REPAVING WITH 
A GRANITE-BLOCK PAVEflIENT ON A CONCRETE FOUNDATION 
THE ROADWAY OF. . . . . . . . . . ......................... . 

FROflI ............................. ' ................... . 

To .................................................... . 
TOGETHER "\V1TH ALL WORK INCIDENTAL THERETO. 

1. ExTENT OF ,V ORK. The work shall consist of regulating 
and grading the entire roadway (or if the street is already pave<l, 
of removing the old pavement), setting and resetting curb, laying 
sidewalks where required, and laying a granite-block pave1ncnt 
and all work incidental thereto, all in accordance with the plans 
and specifications on file in the office of the Bureau of Highways. 

2. OBSTRUCTIONS. The contractor shall remove at bis own 
expense, when directed by the engineer, any encumbrances or 
obstructions on t he line of work, located or placed there prior to 
or after its commencement. 
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CATCH-BASINS, l\lANHOLE HEADS, ETC. Such catch-basins, 
manhole frames and heads for sewers, water pipes or other con­
duits belonging to the City on the line of the work, as may be 
designated, shall be reset to the ne,v grades and lines by the 
contractor without extra charge therefor, and they shall be 
brought to such grades V1rith brick masonry of the same thickness 
as that originally used, laid in hydTaulic cement mortar. 

4. NOISELESS l\,fA~HOLE CoYERs.-Asphalt-fillecl noiseless 
covers, complete, for water and sewer manholes of the design 
approved by the engineer, shall be furnished and set whereYer 
directed by the engineer. They shall be made according to 
general details to be furnished to the contractor and of such size 
as will fit the present manhole heads. The old covers to remain 
the property of the City. 

5. RE1\10VAL AND OWNERSHIP OF OLD ~'1ATERIALS. All old 
n1aterial which \\rill not be used in the work, excepting bridge 
stone and specification pa-ving stone, shall becon1e the property of 
the contractor and be removed by hin1; the ren1ainder, as specified 
above, shall be cleli-verecl ,,,.hen required, and piled in such cor­
poration yard or else,vhere as the engineer may determine, and 
all at the expense of the contractor. 

6. PREPARATJON OF FOUNDATION. ,,nen the old material 
has been ren1oved, that to be used again shall be compactly piled 
on the side and the roadway graded to the required shape and 
depth below the proposed finished pn,vement. All unsuitable 
material shall be removed ancl replaced '1irith that "'hich is 
satisfactory. 

7. On the roadbed graded and prepared as hereinafter set 
forth, the stones shall be relaid at right angles to the line of the 
street. They shall be well bedded on two inches of sand, '\\r:ith 
surface joints not exceeding three-quarter (¾) inch, the joints to 
be brushed full of the same material and the stones rammed to a 
solid, unyielding f ounclation, with their top surface conforming 
to the lines and grades shown by the plan of the work. 
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8. lNSPECTIO~ AND PILING OF ~lATERIAL. The material for 
construction when brought upon the street shall be neatly piled 
so as to present as little obstruction to travel as possible. No 
material shall be used without having been first inspected and ac­
cepted by the engineer, the contractor furnishing all labor neces­
sary for inspection without any charge. Should the work be 
suspended for any cause, the materials shall be removed fron1 
the line of the work at the direction of the engineer, and unless so 
removed by the contractor upon notice from the said engineer, 
they will be removed by the president, and the expense thereof 
charged to the contractor. 

9. CITY MoNm1ENTS. The contractor shall not excavate 
around such city monuments and bench-marks as may come 
~-ithin the lin1its of, or be disturbed by the work herein contem­
plated nearer than five (5) feet, or in any manner disturb the 
same, but shall cease work at such locations until the said monu­
ments or marks have been referenced and reset or otherwise dis­
posed of by the chief engineer of the Bureau of Highways. The 
necessary labor to remove, care for, and reset all such monuments 
and bench-rnarks shall be furnished without charge therefor by 
the contractor. 

10. CURBSTOXE. Old curbstone which can be redressed to a 
top width of not less than four and one-half ( 4½) inches and not 
less than sixteen (16) inches deep and are of the quality hereafter 
specified, i--hall be redressed, rejointed, and reset as directed 
belo~'. 

11. QUALITY OF. New curbstones shall be free from seatns 
and other in1perfections and equal in quality to the best North­
RiYer bluestone. They shall be ( ) inches in depth, 
and from three and one-half (3½) to eight (8) feet in length, and 
not less than five inches in thickness, except as noted for botton1 
of curb. 

12. How DRESSED. The face for a depth of nine (9) inches 
and the top on a bevel of one-half ( ½) an inch in its "'·idth of fiye 

• 
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(5) inches shall be dressed to a surface which shall be out of wind 
and shall have no depressions measw·ing more than one-quarter 
of an inch from a line or straight edge of the san1e length as the 
curbstone. The remainder of the face shall be frre f rozn projec­
tions of more than one-half ( ½) an inch and the back for three 
(3) inches down from the top shall haYe no projections greater 
than one-quarter (¼) of an inch n1rasured from a plane at right 
angles to the top. The bottom of the curb shall be rough­
squared with a ,vidth of not less than three (3) inches. 

13. JOINTS OF. CuRYED CrRB. For the full ,Yi<lth of the 
stone for a distance do"rn of fow· ( 4) inches fron1 the top, and 
therebelo,v for a ,vidth of one and one-half inches back fron1 the 
face to a point twelYe (12) inches below the top of the curb, the 
ends shall be squarely jointed "ith no depression greater than 
three-eighths of an inch, n1easured fron1 a straight edge. CurYctl 
curb corners shall be cut vl'ith trur radial joints and be set ac­
curately to such a radius as n1ay be required in three (3) foot 
lengths. It shall be paid for as straight curb, and must con1ply 
in all respects ~'ith the above requiren1ents therefor. The cost 
of excaYation necessary for curb-setting shall be included in the 
price paid per linear foot of curb. The sample of the curbstone 
sho\\ring the dressing and the jointing rcquire<l can be seen at the 
office of the chief engineer of the Bureau of High"·ays. 

WHEN SET IN CONCRETE. The curb shall be set on concrete 
as shown by detail on plan, and shall be set truly to line and grade 
on a face batter of one and a half inches in its depth. 

14. CHARACTER OF CONCRETE. The concrete foundation for 
curbstone shall be not Jess than six (6) inches thick and seYcnteen 
(17) inches in " 'idth and be of the materials and proportions here­
inafter described, except that the broken stone shall be not less 
than one-quarter (t) nor more than one and a quarter (l¼) 
inches n1axin1u1n dirnensions; the curb shall be in1mediately 
betided on the centrr thrreof, ,vith a braring for its full length as 
~oon as the concrctejs laid, and it shall be at once backrd up "'ith 

l 
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concrete for a width of six (6) inches, extending from the bottom 
bed to within four ( 4) inches of the top of the stone. The con­
crete so used will be paid for at the general price per cubic yard 
for concr ete. 

15. IN F RON'l' OF CE~IENT WALK. When curb is set in front 
of a monolithic walk, the space between the curb and sidewalk 
foundation shall be completely filled with concrete similar to 
that described above, to within two (2) inches of the top; t he 
remaining space to be filled with Portland cement of t he quality 
hereinafter specified, niixed with an equal part of crushed stone 
used for wearing surface of such walks. ,i\'herever curbstones, 
ho'\\·ever set, shall have becon1e displaced or damaged from any 
cause, such curbstone shall be reset or new ones shall be fur­
nished in their place and no compensation therefor shall be 
a llo\vec.l. 

16. SIDEWALKS. On r epaving work the first course of flag­
stones interfering with the work of curb-setting shall be taken u p 
and relaid to t he new curb grade, at the expense of the cont ractor. 
1\ny dan1age clone by t he con tractor to sidewalks in curb-setting, 
handling, or in the storage of materials shall be made good by 
him, at his own expense, as shall be directed by the engineer. 

17. H o,v LAID. All flagging to be relaid shall be firmly and 
evenly bedded to the grade and pitch required, on t hree (3) inches 
of steam ashes or sand f rec fron1 loam or clay and the work 
brought to an even sw·face, with all joints close and thoroughly 
filled for t he full depth '\\rith cement mortar composed of equal 
parts of the b<'st P ortland ce1nen t and clean, sharp sand, and left 
clean on the surf ace; and all earth, debris, and surplus n1aterial 
:shall br ren1oved from each block and the sidewalks swept clean 
as soon as the ,vork thereon has been completed. 

13. CoNCRETE.-CE~IENT.-PROPORTION. The concrete shall 
be made of the best quality of P ortland cement, samples of which 
1nust be submitted at least ten (10) clays (Sundays and holidays 
excluded) before using, for the inspection and approval of the 
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chief engineer. All cement shall be of a uniform quality, color, 
and ,vcight, and briquettes of one (1) square inch section shall 
dcvrlop or exceed the following tensile strength: 
N cat-four ( 4) hours in moist air, twenty (20) hoUI'.S 

in water .................................. 200 pounds 
Neat-one (1) day in air, six (6) days in water ...... 400 pounds 
One (1) of cement, three (3) of sand, one (1) day in 

air, six (6) days in ,vater ..................... 150 pounds 
The concrete shall be composed of one (1) part of ce1nent, three 
(3) parts of sand, and six (6) parts of broken stonr. The unit of 
1neasure shall be the barrel of cement as packed by and recei,~ed 
fron1 the rnanufacturcr. 

19. SAND AND STONE. Thr sand shall be clean, coarse, and 
sharp, and be free fro1n loan1 or dirt. The broken stone shall be 
of trap, granite, or lin1estonc or such other stone taken from the 
line of "'ork a~ shall be sati5factory in the judgment of the 
<'nginccr. It shall be entirely free frorn dust anc.l dirt, and be of 
graded sizes such that all ,vill pass tlu·ough a reYol,1ng circular 
sercen having holes t,Yo and one-half (2½) inches in dian1etcr ancl 
be retained by a screen having holes one-half ( ½) inch in dia1neter. 
The sand and stone shall be placed upon board platforms and be 
kept free fro1n dirt, and the cen1ent shall be properly blocked up 
and protectrd from dan1pness. 

20. lvl1x1NG. The sand and cement shall be mixed dry, then 
1nade into rnoriar by the addition of water, ,vhen the broken 
stone shall be adc.lecl and the whole n1ass thoroughly n1ixed. 
The concrete shall then be spread upon the subgrade and rammed 
so as to fill all the voids of the stone \Vith mortar and bring the 
surface rxactly ten (10) inches belo\v the finished pave1nent. 
If a 1naehinr be used for rnixing, the above opPration may be 
varied as n1ay be required. No concrete shall be used that has 
been mixed more than one-half hotu·. 'l'he concrete shall be pro­
trctccl from the weather when dee1ned necessary by the cnginrer. 
Before laying concrete to connect ,vith, rest upon, or overlap 
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27. BLOCKS. The blocks to be used shall be of a durable, 
sound, and uniform quality of granite, each stone measuring not 
less than eight (8) inches, nor more than twelve (12) inches in 
length; not less than three and one-half (3½) nor n1ore than four 
and one-half ( 4~) inches in width, and not less than seven (7) 
nor more than eight (8) inches in depth, and the stones shall be of 
the same quality as to hardness, color, and grain. No outcrop, 
soft, brittle, or lami11atcd Rtone "·ill be accepted. The blocks arc 
to be rectangular on top and sides, uniform in thickness, to lay 
closely, and with fair and true surfaces, free from bunches. 
Over special constructions, the blocks may be of dimensions other 
than above specified, "'hen approved by the engineer. The stone 
from each quarry shall be piled and laid separately in different 
sections of the work, and in no case shall the stones from different 
quarries be mixed. 

28. PAYING CEl\IENT. The paYing cen1ent to be used in filling 
the joints bet,vecn and around the paving blocks and bridge­
stones when laid on concrete, as hereafter pro,-idecl, shall be com­
posed of t\\·rnty (20) parts of refined asphalt and three (3) parts 
of resicluurn oil, mixed ,vith one hunch·ed (100) parts of coal-tar 
pitch such as is ordinarily numbered fow· ( 4) at the 1nanufactory, 
the proportions to be detern1ined by "'eight. The paving ce111ent 
must be heated as needed for i1nn1ccliate use. 

29. SAND.-On the concrete foundation, as designated, shall 
be laid a bccl of clean, coarse dry sand to such depth (in no case 
less than one and a half (1 l) inches), as n1ay be necessary to 
bring the sw·face of the paYen1ent, when thoroughly ran1me<l, to 
the proper grade. 

30. LA YING. On this sand bed, and to the grade and cro,Yn 
specified, shall be laid the stone blocks at right angles to the line 
of the street or at such angle as rnay be directed. Each course of 
blocks shall be laid straight and regularly, ,Yith the encl joints by 
a lap of at, least three (3) inches, and in no case shall stone of 
different width be laid in the same course except on curbs. All 
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joi11 L! hall I c clo • joint. • ·XCi'pt t !ill t \\'hf'n gn\ \'l'l filling is U'-l'd. 

th• joint. h ·t\\ "II ro1u ,x; ·hnll he u11l n111r · thun thr1•(•-q11nrt1.'1, 

(j) oi un in,•h in \\'i1 h h. 
=~I . . ( • ' ;'A~D Fu 'UA'l l« 1'.I:'. , \ . the lJio<·ks an· laid l h<•v shall 

he i"0\1•rrd \\ilh :-hart. c·o~u"-P . n11d , fr,<' fr11111 gn1,f•l, \\•hil'h ~hall 
b • rfikrd or hru-.hc> I until nil I h1'"' joi111 ~ lu:conH' lilkid t h1·1-c\\·ith; 
thl• block:s 8linll th •n b~ tliorouglily ra1111111,I to a tirrn. 1111_\'i1•ldi11g 
bt> l, \\ith u u11iio1111.uriuCI' Ill co11forn1 to thl'gr:1dPru1d cro"n llf 
the :- tr eL. l l hnll be r<•' 1•1-c I " ·it h a gn<xl a11d :- ulti<·i,·11l, 

ci.. nd · at of el an, tSharp ·uHI, and ..,hull in111H~li:ll<"ly tJi,-.n-inft,·r 
ht- th H·oughly 111n1n1<·d until I IH· \\'Ork j., ,nad,,., t-:olid attd :-r•1·ttn• ; 

nnd so Oil 11nt il tlil' \\ holi · t r the \\'ork slinll huv1• l,c I'll \\'f•ll n11tl 
fnithiuU_v ~0111ph. ted. ~o ln1f•k ,1r ' 'l'hich· -.hull lic- allu\\ '1~ ! lo 

J)H o, "I' il until thf' finul r~\lllr11i11~ ha · b 'l' ll c•ntnpl<•t,~I u al10Yl'. 

but no n:ll111uing. hall l f' cl, 11c \\ it hi11 l" r nly f1 t nf the fa •p of l lu· 
\\ork that i uPinf?; lnid. 

:t .. . t 1~ l o~ • itF.r•; Fc..1l ~,> \Tit 1Z\. ,\itcr thr· hlork:- un' luid on 
n ron<·t•eh. fcn1ndnli)11, they hall h,· ~r,v.-•rf•< l \\ itli II c-J1,~u1. luutl, 
nnd d1y ~11, l 1, \\ hie Ii :.hall ho,,. hl"•'n nrtifieinlly h«'n t1 >:el an1l, lri1•d 
iu i ro11•1 upplinn•• :is, pln<•(•tl i11 rlusP p1·0:'l.':i1nity to th,· ,,,ork1 th1· 

~til, l'I to hC' bru .. -.;hed in until nH th•"' joint nrl' filh·d t IH•re\\·t tl, tn 
,,ithin lhrl"f' :~) inl'hc--= of tl1e top. ' l'h~ grnvcl n111st lie ,v11--h1~l 
"hit<' qunrt"" nnd hf' f'ntir'l•ly f1 ,·r if(11n ••Ju1d nr dirt and ,nu~t 
hn, t' pn: ~,J tlu ough n sic,• • of fi,·("-f'iJ?;hl It ( ) inch 1n h uncl 1, eu 
, tnh1c I h) n tlu('(."-l'i~hth ( ) inl'l1 n1t h. 

,-13. ll \ ll\ll!'\1.,. ·rtu, blu ·k~ IIHl"l I h 11 t t horouj?;hly ran11nc l 
nnd th(• rnnunin~ l"('J at<XI until th, y nrc hrought to nu unyield­
ing h nrinl!, '";th u uniforrn urfncr, t111c to the ~ivcn grnd,. nncl 
('f"O\\ II. No n1n1111inEt hall b d lll' \Yit bin t \\'Cnty ('... 1) r~t of lh ' 
ro • or lhl• \\Ork thnt jA b ing lni I. 

a I ' f1 ,, Pf. n Tl n• oi: P \, 1xo < 1.11i: 1''1'. 'fhf' boiling paving 
c 111(.'ut, h1.::tt<' I ton lcn1p rntut't' of 300 ° 1;-nhr:cnhcit , nnd of the 
c:-,u1p -.i ti n hrft'inhc fore dt-.rrib I, hnll thl'n l ~ I urcd into 
thr· j int.;.; un ii lh1. 311lC 11-r run, nnd l'(tllnin full to th top or the 



192 HIGHWAY ENGINEERIXG 

gravel. Hot gravel shall then be pow·ecl along the joints until 
they are full flush with the top of the blocks, "·hen they shall 
again be pow·ed with the paving cement till all Yoids are com­
pletely filled. 

35. The appliances for heating paving cen1ent shall be suf­
ficient in nun1ber and of such efficiency as "·ill permit the pourers 
to closely f ollo"· thr back ran1mers, and all joints of the finally 
rammed pavement shall have been filled "rith paving cement as 
above noted, bcf ore the cessation of the ,York for the day or any 
other cause. 

36. ThtIORTAR BED BY r AR TRACKS. On either or both sides 
of the rails of car tracks, as n1ay be designated, the contractor 
shall lay on the concrete foundation a<.ljaceut t hereto a bed of 
Portland-cen1ent n1ortar, of the quality hereinhef ore set forth, 
one of cement to three of sand, in which long and short blocks, 
alternating and toothing into the paven1ent as headers, shall be 
bedded. 

37. This mortar bed shall extend outward from the rail to a 
width of fow· ( 4) inches beyond the outer edge of the long blocks, 
and it shall not be prepared for or laid to an extent greater t han 
fifteen (15) feet in advance of the pavers, and before laying, the 
concrete shall have been first thoroughly swept and \vetted. 

38. Tu1c:ru~Ess OF ~IORTAR BED. The top of concrete shall 
be at such elevation and the mortar bed shall be of such thickness 
(in no case less than 1½ inches) that when the paving blocks 
are therein embedded, there shall remain 1 inch of mortar under 
the stones, their top surface shall be ¼ of an inch above the 
tread of the adjacent rail ( except at guards or other projections 
when they will be flush with the latter) and the bottom of the 
stones shall be locked in position by the displaced n1ortar rising 
in the joints. 

39. No ramming of toothing stones shall be allowed and they 
shall be set carefully to grade, with joints filled and poured as 
above, and be properly protected until the mortar is set. 
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4-0. No CARTJ';G ox P .\.YE~IENT. -Xo hoTsc, cart, truck, or 
vehicle of any description shall be pC'rtnittccl to stand on, or 
pa.,s oYC'r, th(-' p11vo1ncnt w1til thC' joint~ haY(' been finally pow·ed 
\Yith cc1ncnt as ahovr and the sanle has had ti1ne to harden, and, 
hy car track~, the' contractor shall fu1nish n1eu to pass cars there­

ovcr. 
•11. \\l1c·n rarh :-\C'ttion of the RtrrC't has been con1pletccl, 

trn.,·c•l is to be allo,ved thC'rcon, if rrquirC'd by the engineer, and 
at th<' lirnc of c·o111pk·tion of the' cnt.ir<' "~ork and before the final 
pn.yuu•nt, the contractor ,Yill be rPquirPd lo n1ake good at cYrry 
point any dPf Pel \Yhich i...; th<.' result of non-co111pliance ,Yith any 
of t hP. provi.,;,;ions of this contract. 

In ca~e of rep,iirs it shall hP l'C'ltUirc<l that Ruch repairs be 111adc 
with a. pave1ncnt equal lo tht• above described. 

12 .. \PPH.OACHES. The curh~tone::-, eros::-;,valks, and gut tPrs 

of the adjoining µayen1cnls and all paYrn1rnts abutti11g the nc,v 
"·ork :jhall be rc'adju~ted and brought to the' ne,v grades and lines 
to the exteu{ 1lC'cn1ed nccC'::--sary hy the enginerr, and such rt'a.d­
ju::-t 111cnl of curb nnd pa,·t'nient shall in elude rC'jointing, rc~ctting, 
nnd l'l'la)·ing a" hcreinhC'forc proYided, nl the> pricc>s st ipulated. 

•t:3. C'Lc, ,nt'>:G l 'r. .\11 :-;.urplu:-- n1ntc•rials, C'arth, saJ1d, rub­
bi~h, and :--to1H·:-., r.)..rept ..;ueh :--tone:-. as nrP. rC'taitH'd hy order of 
thl' cngi1H•c·r, arc to he 1'('11l0\ <'cl fron1 the lint' of the \:York, block 
hy hhH·k, n~ rapidly a:-- the \York progrr,:--P~. All n1atC'rial c0Ycr­
i11g thP pnYrnH·nt and siclcv,alk:-;_shall he s\\·c·pt into heaps and 
i11Hn1'diately rt'n1ovrd frotn the line of thl' \York. 

4-L l )uri11g the pro~c•c·utinn of lhe ,vnrk the contractor shall 
kc,•p the font,Yny elc•1n1 by S\Yl'Cping. ,,11en nu1lerial is rr1n0Yrd, 
th1· ::;i1 lc,Yalk n1u:-.t hl' i1nn1<.'<hatPly R\Yl'pt elcan by the contraetor, 
nn1 I \V'hcn puhlie ur lnrnl 1nconyrnience i::; can~cd by dust the 
c:onlractor ~hnll ,vatcr nny p1lP-; or :-.urfu.cP of enrth or the side­
\\'ulk::i , or pnYellH'nl roun1lntion dtu·ing :--,Yrrping ,Yhcn and where 
ncl:c....;snry or ,vhcne,~cr required by the engineer to llo so. 

IJ 



I I 
i I 

' I 

CHAPTER VIII 

BRICK PAVEMENTS 

R ECORDS seem to indicate that the first pavements of brick to 
be used in the United States were laid about 1870 in Charlestown, 
vV. Va., and in several of the smaller towns of the Middle West 
where clay is plentiful. In Holland, ho\\-·ever, brick had been 
employed for such pw·poses as early as the thirteenth century, 
and is still extensively so used. Recently its use in the smaller 
towns and in localities where clay is abundant has been quite 
extensive, and the many superior characteristics which a brick 
pavement possesses, particularly for light traffic, "'arrants its 
choice. The popularity of this form is in<licatecl by the "Cnite<l 
States Report for the decade ending with 1900. Dw'ing that 
period, of the hard pavements laid 33 per cent were of brick; 
this being exceeded only by asphalt '\\rith 43 per cent, and followed 
by granite block v.rith 10 per cent, wooden block 9 pt:r cent, and 
n1iscellaneous 5 per cent. The latest report of the 1Jnited States 
Census Bw·eau, that for 1903, regarding pavements sho\vs that in 
cities of over 25,000 inhabitants, of the hard pavements in place 
31 per cent was of asphalt, 25 per cent of granite block, 19 per 
cent of brick, 14 per cent of wooden block, and 11 per cent of 
cobble, but this is hardly indicatiYe since iI1 towns of less than 
25,000 brick is much more generally used than in towns e~ceecling 
this population. 

The advantages of brick as a paving 1naterial n1ay be enumer-

ated as follows: 
(1) It affords a good foothold. 
(2) It materially reduces the tractive force. 
(3) The pavement is fairly durable under n1oderate traffic. 

194 
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( 4) It is not noisy. 
(5) I t is easily cleaned, and therefore sanitary. 
(6) I t is easily repaired. 

195 

(7) I t requires no expensive plant, and hence good for small 
towns. 

Generally speaking, "it seen1s to be able to withstand misuse 
in construction, especially in the less heavily travelled streets of 
the smaller communities, better than any other paving material, 
and as a consequence is one of the most popular materials for this 
class of to"111s. I n the larger cities, where pavements are more 
scientifically constructed, brick is also popular, not only because 
in them it is better laid, but it has a smoother sw·face and is less 
slippery than most other hard pavements." 

The figures ,vhich follow, taken from a report on street paving 
by J. "\V. Alvord, 1903, show graphically t,vo reasons for the 
preference for brick pavements. 

One demonstrates the relative loads that may be hauled ( on 
the various pavements) with the same expenditure of energy, and 
in this respect brick is placed first. The other shows the rela­
tive amount of labor required to clean the various pavements, and 
here again brick takes lowest place, being equalled, but not ex­
ceeded, in economy of cleaning by asphalt and rectangular ,vood­
en block. On the other hand, brick is extremely likely to be 
lacking in uniformity, both as to shape and quality, unless great 
care is exercised in the manufacture, and in consequence wears 
unevenly. 

The Brick. A paving brick differs from an ordinary building 
brick both in shape and physical characteristics. I t is larger, 
harder, tougher, less porous, and stronger in every way than 
the latter. Generally speaking, the same conditions that govern 
the selection of size in granite block for paving should determine 
that of a brick, but there are certain factors in the manufacture 
that preclude these dimensions being used. "If the brick is 
made too long, it is liable to warp either in the preliminary drying 
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or while being burned in the kiln. I f it is too thick, so that the 
clay in the interior is vitrified ,~.ith difficulty, it is probable that 
when sufficient heat has been applied to insure the proper vitri­
fication to the central part of the brick, the outside will have been 

' 
<lan1aged and the brick not of uniform texture throughout, so 

Steel 
Wheelway 

Brick 
P avement 

Squnre Wood 
Oblique 

Stone Block 

FIG. 57. 

that in dcter1nining the thickness the same rule will not 
apply to all clays, as son1e clays \\1ill vitrify more readily than 
others."* 

The above, a few minor reasons and experience, ha vc led 
manufacturers ancl engineers to select bricks for paving of the 
two following sizes: 2½ ins. X 4 in ::. X 8½ ins. and 3 ins. X 4 ins. 
x 9 ins., the latter being term eel blocks. Formerly this unif orrn-

* Tills n. 
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ity in size did not exist, and it has been only after years of ex­
perience and experi1nenting with various shapes and sizes that 
the above dimensions have resulted. 

The form of the brick is, without exception, rectangular. In 
cases the edges are rounded off; in others, square. Some bricks 
will have a groove in them to hold the joint filler, while others 
\\rill have a small button on each side to keep the 
bricks apart a11d provide a joint for the filler. 

It is clain1ecl for the rounded edges that there is 
no tendency for the corners to be "Torn or chip peel off 
by horses' hoofs, as is the case ~rith square edges, 
leaving the bricks rough a11cl the joints uneYen. But, 
on the other hand, it is n1aintainecl by the advocates 
of square-cornered bricks that if the filling of the joints 
is properly inserted between the bricks, and if of suita-

Asphalt 

l CO 

Brick 

100 

Rectangular 
\\·ood Block 

100 

Granite 
Block 

150 

FIG. 58. 

I 

Belgian 
Block 

160 

Cobble-stone 

400 

ble material, no such tendency will exist with the square edges. 
It woul<l seem to be more a question of choice rather than 
positive advantage of one oYer the other. Grooved bricks are 
supposed to have the advantage of retaining more of the filler 
that goes between the joints, while the projections on the sides 
of other forms maintain a consta11t distance between bricks, and 
thus permit of the filler being inserted. The grooves arc about 
one-eighth inch deep, while the buttons are about the sa1ne 
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distance. I n the latter case it is very questionable practice, 
since under all circumstances joints should be made as narrow 
as possible. Because of the variability in the character of 
paving bricks, precautions in the forn1 of tests haYe been uni­
formly adopted to determine the quality of the n1aterial that 
is being offered. Good paYing bricks should be har<l, tough, 
strong, hon1ogeneous, imperYious to \Yater, and dense, and the 
following tests are supposed to indicate to \\'hat degree the brick 
possesses these qualities. 

Hardness. This quality may be determined by the orc~inary 
hardness test, i.e., the case " 'ith ,vhich a n1ate1ial is scratched by 
certain other n1aterials

1 
according to some scale; or the color n1ay 

be taken as an indicator, though the latter requires experience 
and judg1ncnt

1 
and even then is not absolute. The hardness 

is supposed to indicate the degree "rith which the n1aterial ,vill 
withstand the abrading action of the horses' hoofs and wagon 
\Vheels; and an average hardness of six in :\loh's scale is 

required. 
1.11 oh' s ~'.:;cale. 

1. Talc, common lan1inatcd, light-green variety. 
2. Gypsum, crystallized ,yariety. 
3. Calcite, transparent Yariety. 
4. Fluorite, crystalline variety. 
5. Apatite, transparent variety. 
6. Orthoclase, white cleavablc variety. 
7. Quartz, transparent. 
8. Topaz, transparent. 
9. Sapphire, cleavable variety. 

10. Diamond . 

Toughness, or the ability to resist the pounding of the rapid 
blows from horses' hoofs, is equally in1portant with t he forego­
ing. These two characteristics arc determined by \vhat is kno\\·n 
as the standard In1pact an<l Abrasion Test. 
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shall be sufficient to rotate the rattler at the same speed, whether 

charged or not. 
" (6) CONDITION ;L~D CILIBGE. The bricks composing the 

charge shall be dry and clean, and as nearly as may be possible 
in the condition in "·hich they v;·ere dra"'Il from the kiln. 

"(7) CALCCLATIOX OF THE RESULTS. The loss shall be calcu­
lated in the per cents of "''eight of the dry brick composing the 
charge, and no rf'sult shall be considered as official unless it is 
the average of t"'O distinct and complete tests made on separate 

charges of brick." 
Strength or Transverse Strength, a characteristic v;·hich 

every brick should possess so that it may be able to withstand 
the tendency to break ,vhich arises when the brick is unevenly 
supported on the foundation. 

The follo"ring is the standard method adopted for this test: 
"1. Support the brick on edge, or as laid in a pavement, on a 

hardened-steel knife rounded longitudinally to the radius of 12 
ins., and transversely to the radius of¼ in., and bolted in position 
so that the scre'\\~-span of 6 ins. applied to load in the middle of 
the top shall pass through the steel knife-edge, straight, longi­
tudinally, and rounded transversely to a radius of f 5- in. 

" 2. Apply the load to the middle of the 'top face through a 
hardened-steel knife-edge, straight, longitudinally, and rounded 
transversely to a radius of one-sixteenth inch. 

"3. Apply the load in a uniform rate of increase until fracture 

ensues. 
" 4. Compute the modulus of rupture by the formula 

3WL 
F = 2BD 

in which F=moclulus of ruptw·c in pounds per square inch; 
"\\T = the total brick load in pounds; L = the length of span in 
inches, six: B = breadth of brick in inches; D = depth of brick 

in inches. 
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" 5. Samples for test must be free from all v isible irregulari­
ties of surf ace or def ornlities in shape, and their upper and lower 
faces must be practically parallel. 

"6. Not less than ten bricks shall be broken, and the average 
of all is to be taken for the standard test." 

"Cross-breaking test of paving brick is made for the following 
reasons: 

" 1. It fw·nishes the means of comparing the differences of 
various kinds of clay paving material. 

" 2. For any particular kind of brick it shows whether the 
brick has been properly treated in the various stages of its 
manufacture. 

" 3. It indicates the resistance of the material in cross­
breaking \vhen laid on beds of unyielding and uneven sw·face. 

" 4. The cross-section being exposed, the interior structure 
may be examined." 

The Crushing Strength of a brick is usually determined by 
taking one-half of the specimen that has boon broken in the 
transverse test. This piece is placed upon the horizontal plat­
form of the testing machine, and another parallel sw-facr of steel 
held in the cross-heads of the machine is made to gradually ap­
proach. The power is kept constant so that the pressw·e applied 
increases until failure results. The total load applied to the speci­
men, divided by the measw·cd horizontal area of the brick, will 
give the pounds per square inch that the material will with­
stand. To secure even-bearing surfaces, and hence prevent any 
inequality of bearing, blotting paper or pieces of leather are usual­
ly placed next to the surfaces of the brick. This secures an even 
distribution of the pressw·e. 

Homogeneity. Each brick, taken as a unit, should be homo­
geneous in character to insure a uniform wear. If part of a 
brick is properly bw·ned and the rest improperly burned, the 
former '\\rill resist the wear to a much greater extent than the 
latter, resulting in an unevenly worn brick. Each brick, there-



202 HIGHWAY ENGINEERING 

fore, should be pe1f ectly and completely fused to secure a homo­
geneous unit. 

Uniformity. This refers to all the bricks that may be used 
in one contract. It is required that the material itself shall be 
uniforn1, that the method of manufacture shall be identical, 
and that the resultant product shall be uniform in character. 
The purpose of this is that the pavement may ,vear evenly, as 
under such conditions the best results obtain. It is much better 
to lay a pavement of bricks that are uniformly soft in character 
than to construct one of bricks alternately hard and soft, which 
results in an uneven surface in a short time. 

Imperviousness. All material for paving should be imper­
vious, as otherwise it absorbs moistw·e and tends to disintegrate. 
A good brick should absorb no more than t"'O per cent of moist­
ure. I t is not an important test, however, and not recom­
mended as one to indicate the quality of a brick, as the results 
are misleading. 

Density, or the specific gravity of a brick, is determined to 
indicate the relative an1ount of material in the specin1ens sub­
jected to test. Other things being equal, the denser specimen, 
i.e., the one with the greatest amount of material, should wear 
the longest. 

A 
Sp. Gr. = BC 

A=weight of brick in air; 
B = weight of brick in air saturated; 
C = weight of brick in water; 

average from 1.90 to 2.60. 

FOUNDATION 

vVithout a properly laid foundation irregularities quickly 
appear with consequent increased wear and tear to pavement and 
vehicles, together with an increase in the tractive force. The 
ob}ect to be attained with any foundation is to support the over-
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lying covering, and particularly where brick is used must the top 
surface be maintained smooth and even. 

,Tarious forms of foundation have been employed upon which 
to place the brick, but there is no ciuestion but that the most 
satisfactory one is of concrete. Sand and gravel are not at all 
desirable. \Vhen either is employed, however, about 8 ins. is 
laid on the prepared subgrade, and carefully rolled with a 10 ton 
roller to procure consolidation. A cushion coat of sand 2 ins. 
in depth is placed beneath the brick, and a templet passed over 
it to shape the surface parallel to that of the pavernent. 

Sand alone as a foundation is pretty poor, as the wear becomes 
abnormal. It may be used, however, in connection with plank­
ing as a foundation, and with fairly satisfactory results. Under 
these conditions the sand is first laid to a depth of about 3 ins., 
and upon this are placed treated boards, 1 in. to 2 ins. thick, ~·hile 
on top of the~e again, a 1 to 2 in. cushion coat of sand is spread 
to receive the brick. The object of the cushion coat is to secure 
an equal bearing for all points of the under surface of the bricks, 
and this result is achieved through the fact that the sand con­
forms to the irregularities of the bottom surface. Such a founda­
tion is only suitable to light traffic. 

Another form employed where brick is cheap is a bottom 
layer of brick, laid flat on a bed of sand, which is rolled and 
rammed, brought to an even surface, and covered with a cushion 
coat of one inch or two inches to receive a top layer, set on edge. 
This is a quite common practice in the Middle vVest, where a stone 
foundation would be too expensive. 

vVhere broken stone is used as the foundation, it is prepared 
by rolling until it has become well compacted and fiTm. Upon it 
is then placed the usual cushion coat, and above this the brick. 
The broken stone should be so "'·ell rolled and compacted that 
there is no danger of the sand of the cushion coat filtering into its 
interstices and leaving voids beneath the brick. 

Concrete is without doubt the hest foundation for brick, as it 
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is for every other pavement. The same conditions obtain here 
as for any other f ounclation of the same material. The only 
drawback to concrete is its expense, particularly where, as in 
some localities, stone of the proper character is scarce. The 
upper surf ace of the concrete should be smoothed off as much as 
possible when laid, and when set, the cushion coat of sand should 
be laid on top of it to take up any irregularities either in the 
foundation or the brick, and thus secw·e an even bearing. 

JOINT FILLING 

The purpose of the joint filling is to secure a watertight sur­
facing. Many materials have been used with varying success, 
but the more popular and common are cement grout and paving 

cement. 
This cement-grout filler is composed of one part cement and 

one part sand, or of neat cement alone. ,~then the former is 
used, the sand and cement are thoroughly mixed dry, and water 
then added till the µroper consistency is reached. The grout is 
applied by spreading it over the pavement, and sweeping it into 
the joints until it appears flush with the upper edges of the brick, 
while upon this is spread a thin surfacing of fine sand. During 
this part of the construction and until the cement has set traffic 
is excluded from the thoroughfare. 

The principal advantages of such a filler are that it is watertight 
and, furtherrnore, being hard and tough, resists the wear and tear 
of traffic to an equal extent with the brick, thus preventing their 
edges from chipping, which is not the case with other forms of 
joints. Its ilisadvantage is that it in no way provides for the 
expansion of the pavement in hot ,Yeather, in consequence of 
which rumbling may be caused clue to the fact that the brick 
draws away from the foundation, leaving a hollow space between. 

To overcome this, hov.rever, expansion joints may be placed at 
intervals, both longitudinally and transversely, along the pave­
ment. Such joints consist of either tar or asphalt, are from ½ 
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in. to 1 in. wide, and are placed next each curb to take up the 
expansion due to rise in temperatw·e. Transversely the joints 
are spaced about 40 to 60 ft. apart, or else the expansion is al­
lowed for by filling 2 or 3 consecutive joints at stated intervals 
\Vith the prescribed mixture. 

Tar filler has some of the advantages of the cement grout, 
besides others of its own, but its disadvantages are more serious 
than the latter. Such a filler produces a watertight joint, and 
allows for the expansion of the pavement in hot weather; 
but, on the other hand, it is too soft to protect the edges of the 
brick from chipping, in extreme warm weather it melts and runs, 
,vhile in cold weather it becomes brittle and is easily chipped into 
fragments, to be removed by one means or another. 

The tar used is a No. 5 or No. 6 coal-tar distillate, while 
asphalt may be added or used alone to secw·e a filler not so easily 
affected by temperatw·e. It is applied hot, being poured into the 
joints until it appears flush with the surface, and on top of this 
spread the usual coat of sand which is worked into the joints by 
brooming and later by traffic. 

Sand as a filler is often used, but as it possesses the disad­
vantage of allowing water to percolate through to the foundation, 
it is not entirely satisfactory. Where it is used, it should be 
perfectly dry and fine, and when applied to the pavement should 
be well broomed into the joints with enough left on the sw·face, 
about one-half inch, for traffic to continue the operation. 

LAYING THE BRICK 

After the foundation has been properly prepared, a cushion 
coat of sand one inch to two inches deep is spread uniformly over 
it, and to secure the proper crown a wooden templet is moved 
over the sand from one end of the section to be paved to the 
other. This templet is constructed of several pieces of board 
with the under sw·face conforming in outline to the desired trans­
verse grade. If the street is comparatively narrow, the templet 
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is built for the entire cross-section, the ends rest upon the curbs, 
and the \Yholc is dra\-1111 along OYer the sand. ,,There the street is 
,Yidc, hovtcYcr, a ternplet is built for the one-half section, and is 
used by resting one encl on the cw·b and the other on a strip of 
lun1ber placed along the centre of the street. 

In laying the brick the precaution is ahYays taken to leave 
the sand undisturhcd, and to accon1plish this the paYers stand or 
kneel only on thoRe bricks that ha,Te already been laid. Each 
course iB started at the curbs so that it shall break joints "'ith the 
t"'o adjacent courses, and \Yhen a cow·se has been completC'd it is 
keyed up \\1.th an iron bar so that the last brick n1ay be insrrted. 
The courses should be kept perpendicular to the axis of the street, 
to accornplish ,vhich thry arc" truPcl up" every fow· or fiyc feet. 

After laying, the paYen1ent 1:-; rolled "'ith a stearn roller until 
the bricks haYe reached an eYcn-bcaring surface and no longer 
n10Yc under the action of the roller . Or, if this is not feasible, 
planks arc laid parallel to the curb and ra1nn1ed by a hravy ram­
n1er. It is not adYisable to lay the plank arross the street anll 
rain, as it is then likely to cause an uneven settlernent. 

,,Thilc it is the 1norc usual custotn to lay the brick in lines 
perpendicular to the axis of the street, they are so1netin1es ar­
range(l herringbone fashion. There is no particular aclvantage in 
this excrpt that in the street itself no joints arc parallel to the line 
of traffic, \Yhile it has a decided (lisaclYantage since "bet,veen the 
streets it b:·ings the line of cross joints lcngth"'ise to the travel of 
the street, ,vhich peru1its a \Ycak spot in the paYe1nent. and at 
intersections it brings a great n1any of the bricks length\\'ise of 
the traffic turning the corners." 

INTERSECTIONS 

The follo"ring figures (Figs . 58 antl 59) show t"·o methods of 
laying brick at the intersection of streets, the general purpose of 
,Yhich forms of construction is to reduce the ,vear anc.l afforc.l at all 
points a good foothold. 
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In Fig. 58, \Yagons turning from one street to another follow 
a line which is at all points approximately perpendicular to the 
length of the brick, \\·hi ch is the best condition for both wear and 
f ootholcl, ,vhile when crossing the street in a straight line, the 
direction of traffic is diagonal to the length of brick ; and which, 
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FIG. 58. 

in the opinion of some, is supposed to be a condition superior to 
any other. 

Few wagons will travel along the cotu·ses of the bricks and 
none for any considerable distance, which is the most objection­
able direction as regards uniformity of wear. The weak lines are 
at the junctions of the four rectangles which are in the middle 
of the streets. These can be laid so carefully and with such good 
foundation that they will give no trouble. Careless laying will 
cause unequal settlement, which will have greater effect along 
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these lines than in the regularly laid paven1ent. Special care 
should, therefore, be taken at intersections. 

Fig. 59 sho,vs another method of placing the brick at 
intersections, ,vhlch is more easily laid than the other; besides 

• 
,vhlch careless workmanshlp has not nearly so great an effect 

F,o. 59. 

upon it. ,vith good labor the former is the superior, because 
in the latter under two conditions traffic is travelling along 
the length of the brick in turning eo111ers, thus causing un­
equal wear. 

The follo,ving "Directions for Laying , ritrifiecl Brick Street 
Pavements" indorsed and recommended by the National Paving 
Brick Manufacturers' Association, contains such valuable mate­
rial that it is submitted in full. 
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" DIRECTIONS FOR LA YING VITRIFIED BRICK 
STREET PAVEMENTS'' 

F orm Two. Specification One. Best Known Construction­
Concrete Base Cement Filler 

SECTION 1. SUBSTRUCTURE OR GRADING.-Earth in excava­
tion to be removed with plough and scraper, or other device, to 
vvithin two (2) inches of subgrade, then brought to the true 
grade \Yith the roller, the v\·eight of which should be not less than 
five (5) nor more than eight (8) tons. If the earth is too hard to 
receive compression through the roller, then loosen the remaining 
inches with a pick and cart a\vay. 

Earth in embankment must be applied in layers of eight (8) 
inches in thickness and each layer thoroughly rolled, and in both 
excavation and embankment the subgrade must have a uniform 
density. 

If the underground is spouty clay, tile drainage should be pro­
vided to carry off this accumulation of wet. 

REASONS WHY 

The atten1pt to remove earth to the proper depth or grade 
line with plough and scraper is usually fatal to the general surface 
of the subgrade, for the reason that no man can hold a plough, or 
team draw the same to a straight grade; therefore in an attempt 
to get too close to subgrade with a plough, holes v\rill be gouged 
below the true grade. vVhen the shovellers commence the re­
n1oval of the ploughed earth, they will invariably sink these same 
low places still lower, and when the finishing begins these low 
places will necessarily have to be filled and compacted with the 
roller. Then you have different characters of solidity, which are 
objectionable and detrimental to good work. 

The prime reason for not using a roller weighing more than 
eight (8) tons is that they are too cumbersome and unwieldy and 
very slow moving, while with a lighter and quicker moving one 

14 
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you pass many times over the subgrade and get better results 
in having your subgrade more uniformly compacted. 

The filling with loose earth of portions of the work that is 
belo"' grade will be found necessary very often if an attempt 
is made to plough too close to the grade line, then the lighter 
roller is found more effective in bringing such places to the 
same density as the undisturbed portion. 

,,Then embank.rnent is necessary to bring the street to the 
required grade line, it is very obvious that the earth should be 
deposited in equal layers of not more than eight (8) inches thick, 
and each layer thoroughly rolled. A six or eight ton, or even 
a heavier roller, "·ill have little effect in compression below 
eight inches, and all en1bankments should be compacted as thor­
oughly as possible before applying the superstructure; for earth 
once clistw·bcd and removed fron1 its natural bed takes a long 
time to acquire its original solidity, the scientific reason for 
,Yhich would take too n1uch space and ti1ne to enter upon here. 

Underclrainage is not absolutely essential, but in wet and 
spouty understratum much is added to the dw·ability of the 
structw·e by keeping the subfoundation dry, and under forego­
ing wet conditions underdrainage is the only way to accom­
plish t he best results 

SECTION 2.-C"CRBING.-Stone curbing should all be hauled 
and distributed and set before the grading is finished, and may 
then be used as a guide to finish the subgracle. 

It should range in thickness from four ( 4) to six (6) inches, 
twenty (20) to thirty-six (36) inches "ride, the business and 
street traffic governing the san1e, and lengths not shorter than 
four ( 4) feet, except at closures, neatly dressed on top with a 
square or rounded edge, and four ( 4) inches d0\\7Il on the inside. 
The outer sw·face to be tool-dressed to the depth of the face ex­
posed and to the depth of the thickness of the brick and sand 
cushion. If cement concrete curb is used, it should be com­
pleted before the work of finishing the subgrade begins. 
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Curb corners of streets and alleys shoul1.... be made circular. 

EXTRA l\IENTION 

I f concrete curb and gutter is used, it must be placed in 
position before any of the other work is commenced, except, 
possibly, son1e of the hcaYier grading, an<l it is essential, if 
natural stone cw·b is used, to have it all in place before any 
portion of the grading is finished, for the reason that, after you 
have finished a subgrade and given it the proper contour and 
sw·face it should ne-ver he disturbed by unnecessary ,vhcelagc, 
ancl nothing destroys it so effectually as hauling heavy stone 
curb over it; and in rene\\ring these broken places they are rare­
ly returned to the original conditions. 

The cul'b should all be set before the finishing of the sub­
grade begins, if for no other reason than that it affords the 
very best guide for the said finishing. 

lvIARGI?\TAL CURB 

SECTION 3.-1\iARGINAL CuRB.-Shoulc.l always be of a hard 
and dw·able character of stone, and from fourteen (14) to eighteen 
(18) inches deep, dressed on top, and five (5) inches clown on the 
face next to the brick, set accw·ately to fit the curvatw·c of the 
cross-section of the street on six (6) inches of concrete and 
backed up with the same within six (6) inches of the top. 

EXTRA flIENTION 

Marginal cw·b should always be of a hard and durable 
character of stone (hard wood is better than soft stone), and 
set on and backed up with a good Portland-cement concrete, 
mixed in the proportion of 1 to 2 to 4. 

Marginal curb is, as a rule, used to sustain a paved street 
against one that is unpaved; therefore the reason it should be 
well and properly set, and unless it is, the impact of the wheelage 
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in passing from the unpaved to the paved street will soon clrive 
it do,vn and loosen it if not firmly and securely set, and in a 
short t ime the pavement begins to break and giYe way and will 
continue to do so for quite a distance into the intersection. 

Even with the marginal curb set in the above manner there 
should be a margin of crushed stone or clean gravel to the width 
of three or four feet and eight (8) or ten (10) inches deep spanning 
the width of the opposing unpaved street and tamped firmly 
against the marginal curb. vVith these precautions you will 
avoid the rapid destruction of the n1argin of your paved streets. 
. SECTION 4. - CoKCRETE FouNDATION.-Should be of approved 
quality of hard rock, free from all refuse and foreign n1atter, with 
no fragment larger than ,vill pass through a two (2) inch ring, and 
no smaller than will pass though a one (1) inch ring in their 

longest dimensions. 
Clean, sharp, dry sand thoroughly mixed in its dry state 

"vith an approved brand of either hydraulic or Portland ce­
ment until the whole n1ass shows an even shade. If hydraulic, 
the proportion of mixture should be 1 part of cement and 2 
parts of sand. If of Portland, 1 part of cement to 3 parts 

of sand. 
To the above mixture should be added sufficient clean 

water to mix to a plastic mass, fluid enough to rapidly sub­
side when attempted to heap into a cone shape. To this mixttu·e 
add four ( 4) and six (6) parts, respectively, of damp crushed stone, 
or good gravel carrying sufficient sand to make the 1nixture, and 
then turn the whole mass over not less than three (3) times, or 
until every fragment is thoroughly coated with the cement mix­
ture. For the reception of this n1ixture, the grade should 
be set off in five foot squares, with a stake at each corner. Tops 
of each should be at the surface of concrete, which must be 
tamped until free mortar appears on the surface. Occasional 
sprinkling in extra hot, dry weather is beneficial. After thirty­
six how·s the cushion sand may be spread. 
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EXTRA MENTION 

If the combination of gravel and sand is used the mixture for 
natural cen1ent should be one (1) measure of cement to six (6) 
measures of the mixture. If Portland cement, one (1) meas­
ure of cement to eight (8) measures of the mixture. 

There is but one way to make good cement mixtures, pre­
suming, of cow·se, you have good material, and that is to 
thoroughly n1ix the dry n1aterials. It is essential that_ the sand 
and cement should be thoroughly incorporated in their dry state; 
if not then it can't be done after the water is applied. In the 
first, you \vill have a homogeneous mass; in the second, a 
heterogeneous. In the one your mixtw·e is complete and your 
structure is uniform; in the other, it varies aJ?,.d yow· structure 
is uncertain. The above applies especially to platform mixing. 
In machine manipulation the dry mixing isn't so readily obtain­
able, hut could be more nearly approached if greater care ~vere 
taken. Thorough mixing in both dry and wet state, with good 
material and proper proportions, insw·es a good concrete, whether 
it be of crushed stone or graYel. 

SECTIOK 5.-SAND CGSHION.-Sand should be clean and free 
from foreign or loamy matter. It need not necessarily be sharp. 
It should be two (2) inches thick before the compression of the 
brick by rolling. The sand should be spread by the aid of a tem­
plate the whole or one-half the width of the street, and made to 
conform ~vi.th the true curvature of the street cross-section. 

EXTRA MENTION 

The preparation of the subgrade having been, with care, 
brought to a true plane as to cw·vature and grade, and to a 
uniform thickness, the work is ready for the cushion for the 
brick, for which any good clean sand may be userl, whether it 
be sharp or spherical ; but it is next to the impossible to spread 
it satisfactorily with a template or in any other manner when 
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it is wet, and if you insist on yow· pavernent maintaining its 
symmetrical form the sand n1ust be rYenly spread; and there 
is but one method for doing this, and that is n1echanically, by 
the aid of a ten1plate, formed to fit the curvature of the street 
ancl armed ,vith small metal wheels at either encl, rolling on the 
cw·b at one end and on a 4 X 4 in. scantling laid length"\\'ise 
through the centre of the street at the other. 

If the road'1.·ay of the street isn't to exceed t'1.'enty-five (25) 
feet in ,vidth or less, the template can be n1ade to span the entire 
,vidth, both ends rolling on the cw·b. 

This manner insures an even thickness · of sand over the 
sw·face of the concrete, giving to each individual brick a like 
thickness of cushion, so that when the brick surface is rolled 
each brick "ill present the same resistance to the pressurf' of 
the roller, and you \Yill then perforce have a smooth surface; 
othervvise, if the sand is of uneven thickness the tendency of 
those bricks resting on the thicker bed of sand is to sink, under 
the pressw·e of the roller, lo"'er than those resting on a thinner 
layer, and the result is an undulating and uneven sw·face. 

BRICK 

SECTION 6. -BRICK. The brick should all be hauled and neatly 
piled '1.rithin the curb line before the grading is finished, or, if al­
lowed by the engineer, delivered in wagons and carried from the 
pile or wagon on pallets with clamps-not wheeled ,vith barrows. 
In hauling from car no throwing or dwnping is allowed. They 
should be first-class and thoroughly vitrified, sho"ring at least 
one fairly straight face; if the edges are row1dcc.l the radius 
should not be greater than r3

"G" of an inch. They should not 
be less than 2¼ X 4 X 8, or more than 3 ½ X 4 X 9½ ins., f rec 
from cracks, with but slight lan1ination, and at least 1 edge 
with but slight kiln n1arks allowed, and should stand the tests 
promulgated by the National Brick lVIakers' Association. 
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EXTRA MENTION 

I t is not only good practice to have all of the brick hauled 
and distributed just inside the CW'b line before the work of 
grading begins on any street block, but it is economy, as ex­
perience has taught us that it is very expensive to attempt to 
get brick into a block after the other work has begun. Each 
side of the street should have the required number of brick 
neatly ricked up to lay to the centre of the street, thereby always 
maintaining the minimum distance to carry the brick to the 
setter. 

In order to get the brick to the setter \\ith the least possible 
abrasion or injW'Y to the same, it is best to carry them on 
pallets, and so deposit them that the person laying then1 in the 
street will deposit them perfect edge up. No wheeling or tea1n­
ing should be permitted over the brick at any stage prior to 
opening the same to the public. 

BRICK-LAYING 

SECTION 7.-BRICK-LAYING. Brick may be laid either at a 
right angle or an angle of forty-five degrees to the curb, as the 
engineer may direct, and in either way the line or cow·se of brick 
must be kept straight or within a maximu1n variation of two 
inches; if greater than that, as many courses as necessary should 
be taken up and relaid until the defect in alignment is removed. 

No parts of brick should be allowed in the pavement ex­
cept the beginning or ending of cow·ses or other closw·es. The 
brick must be laid with the best edges exposed as near in con­
tact as possible; they must be closely inspected before laying 
and also after laying and after rolling. All soft brick, and those 
badly spalled or ill-shapen, must be removed and replaced with 
perfect ones. The kiln-marked ones may be turned over, and 
if the reverse edge is smooth and no other faults be found, they 
can remain in the pavement. 

I 
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EXTRA ~IENTION 

As to the alignment of the courses of the brick there is but 
little choice, either way is admissible without comment. The 
brick should be as nearly in contact as it is possible to lay them, 
for when the rolling is in progress, if there is appreciable 
space between the brick in the compression and bedding into 
the cushion sand, the brick will have a tendency to rock, and 
instead of receiving a flat foundation, as they should, it "'ill be 
in a curved form, made by the rocking of the brick as the roller 
passes on and off them, and the pavement will require more 

grout to fill the interstices. 
It isn't bad practice, if the gutter gradient is very flat, to 

lay five or six longitudinal courses parallel with the curb as 
there will be less hindrance to the gutter drainage. 

SECTION 8.-RoLLING AND TAI\IPING. After the brick in the 
pavement are inspected and the sw·face is swept clean of spalls, 
they must be well rolled with a five (5) ton steam roller in the 
f ollo"ring manner: The brick next the curb should be tamped 
with a hand wood tamper to the proper gutter grade. The rolling 
\Vill then commence near the cw·b at a very slo\\' pace and con­
tinue back and forth until the centre of the pavement is reached, 
then pass to the opposite curb and repeat in the same manner to 
the centre of the street. After this first passage of the roller the 
pace may be quickened and the rolling continued until each 
brick is firn1ly embedded in the sand cushion. The roller shall 
then be started at the end of the block and the pavement rolled trans­
versely at an angle of forty-fi11e degrees to curb, repeat the rolling in 
like manner in the opposite direction. Before this transverse roll­
ing takes place all broken or injur_ed brick must be taken up and 

replaced with perfect ones. 

EXTRA l\1ENTION 

There is no question open to discussion as to the virtue of 
a steam roller on a brick pavement. It is very necessary in 
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sand cushion below, thereby preventing the rumbling noise so 
often heard, and occasioned wholly through lack of contact. 

The inch of sand on the top of the pitch joint has a tendency 
to prevent the pitch from flowing, which it is likely to do in 
very hot weather. It is essential that the board occupying the 
place to be filled with pitch remain in place until after the 
street is in all other respects finished, but always withdrawn 
and the pitch applied within thirty-six how·s after the application 
of the cement filler. 

SECTION 10.-TuE FILLER. The filler shall be composed of one 
part each of clean sand and Portland cement. T·he sand should 
be dry. The mixture, not exceeding one-third bushel of the sand 
together with a like amount of cement, shall be placed in the box 
and mixed dry, until the mass assumes an even and unbroken 
shade. Then water shall be added, forming a liquid mixture 
of the consistency of thin cream. 

From the time the water is applied until the last drop is 
removed and floated into the joints of the brick pavement, the 
same must be kept in constant motion. 

The mixture shall be removed from the box to the street 
surface with a scoop shovel, all the while being stirred in the 
box as the same is being thus emptied. The box for this pur­
pose shall be 3½ to 4 ft. long, 27 to 30 ins. wide, and 14 ins. deep, 
resting on legs of different lengths, so that the mixtures will 
readily flow to the lower corner of the box, which should be from 
8 to 10 ins. above the pavement. This mixture, from the mo­
ment it touches the brick, shall be thoroughly swept into the 
joints. 

Two such boxes shall be provided in case the street is twenty 
feet or less in width; exceeding twenty feet in width, three boxrs 
should be used. 

The work of filling should thus be carried forward in line 
until an advance of fifteen to·t"'cnty yardE> has been made, "·hen 
the same force and appliances shall be turned back and cover the 
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same space in like manner, except to make the proportions two­
thirds Portland cement and one-third sand. 

To avoid the possibility of the thickening at any point, 
there should be a man ,v-ith a sprinkling can, the head per­
forated with small holes, sprinkling gently the surface ahead of 
the sweepers. 

Within one-half to three-quarters of an hour after this last 
coat is applied and the grout between the joints has fully sub­
sided and the initial set is taking place, the whole sw·face must 
be slightly sprinkled and all surplus mixtw·e left on the tops 
of the bricks swept into the joints, bringing them up flush 
and full. 

After the joints are thus filled flush ·with the top of the 
bricks and sufficient time for evaporation has taken place, so 
that the coating of sand will not absorb any moistw·e from 
the cement mixture, one-half inch of sand shall be spread over 
the whole sw·face, and in case the work is subjected to a hot 
summer sun, an occasional sprinkling, sufficient to dampen the 
sand, should be followed for two or three days. 

EXTRA 1\IENTION 

Dry, sharp sand for this mixture is necessary without ques­
tion or comment. 

The first application should be thin in order that it may 
flow to the depth of the joints of the bricks, thereby insuring a 
substantial bond, and should be kept in constant motion while 
being applied; otherwise the sand will settle and you will have 
water and cement instead of water, sand, and cement. The water 
and cement wouldn't be objectionable, but the sand by itself is 
wholly so. 

It must also be mixed in small quantities, as it is next to 
impossible to keep the sand in suspension when more than a 
common water pail of each, sand and cement, is used, and un­
less it is deposited upon the pavement with the sand in combi-
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nation with the solution you will get the cement and vYater in 
the lower portion of the joints between the bricks and the sand 
without the cement in the upper portion. If you could get the 
sand in the lower, and the cement in the upper portion of sai<l 
joints, you would have a good grouted street. Some one, some 
day, may perfect a mechanical device for doing this satisf ac­
torily, but at this time no such method is known. The rocking 
trough has been tried for the mixing and discharging, but in­
variably .the cement will flow out first, then follows the sand to 
fill the upper parts of the joints; therefore, the safest way is to 
use the scoop shovel as the specifications direct. 

Ten days is the minimum time for keeping the street block­
aded and free from traffic. Thirty days would be better, 
and longer if it were possible. In testing-laboratories the usual 

BEFORE ROLLING AFTER ROLLING 

FIG, 60. 
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time for allowing cements (neat cements at that) to stand before 
applying the tests, is twenty-seven days. Therefore, when you 
open a grouted street to traffic . in ten days you are demanding 
and expecting more from the cement than any testing-laboratory 
would, so the streets should remain close<l as long as a suffer­
ing public will permit. 

It is urgently insisted that in no case shall the proportion 
of cement be lessened. 

Grouting thus finished must remain absolutely free from 
disturbance or traffic of any kind for a period of ten days 
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at least. The specifications, closely and skilfully followed, 
will give you the three important factors of a desirable city 
thoroughfare-DURABILITY, COMFORT OF TRAVEL, 
PERFECT SATISFACTION. 

The foregoing are some of the many reasons why the above 
instructions for brick street building should be embodied in all 
specifications by the authorities. 



CHAPTER IX 

ASPHALT PAVE~IENTS 

"AsPHALT is a term which may be used industrially or 
specifically; industrially, to cover all solid native bitumen (i .e., 
all solid native, natw·al hydrocarbons) used in the paving 
industry ; and specifically, to include such as melt on the applica­
tion of heat at about the temperature of boiling water, are equally 
soluble in carbon bisulphide and carbon tetrachloride, and to a 
very large extent in eighty-eight degrees naphtha, consisting 
to a very considerable degree of satw·ated hydrocarbons yielding 
about fifteen per cent of fixed carbon and containing a high 
percentage of sulphw·." 

An asphalt pavement is one in which the principal and dis­
tinguishing, though not the largest, constituent of the wearing 
surface is asphalt. 

Asphalt may be distinguished by the following characteris-

tics: 
Sp. Gr. = 0.96 to 1.68. 
Color = dark brO\'.\'Il to glittering black. 
Hardness= liquid to 3½ Dana Scale. 
Streak = brown to brownish black. 
Fracture = dull to conchoidal. 
Odor = bituminous. 
Insoluble in H

2
0, soluble in carbon bisulphiue, alcohol, 

turpentine, ether, naphtha, and petroleum. Before the 
blow pipe it 1nelts quickly, evaporates, and bw·ns, leaving 
no ash. 

Chemically, when pure, asphalt contains : 
222 
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C 80 to 88 per cent 
o- 0.5 to 10 per cent 
I I .. 9 to 11 per cenL 
K - 0 to l per cent, 
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,\sphalt is found in a liquid, sr1ni-liquid, or solid state, or else 
itnprtgnaling the sandstones or li,nestoncs. In the forn1cr 
f-tatc• it is al\\'ays ,nixed ,Yith \Yater together wilh s01nc organic 
nud inorganic in1puriti<'s, nnd for this reason it hcco1ncs necessary 
for it to undc•rgo a refining procc~s during the course of "·hich the 
,vatc•r and volatile' oil::-. arc• dTiven off and the organic i1npuritics 
got tc·n rid nf. It doc~ not ,nattPr so n1uch about the inorganic 
irnpurit iPs or n1inc•rnl 1nat trr eontainctl ,,ithin th<' asphalt, 
~itH'<· uncl1•r all conditionl-- it is ll<'Cr~snry to adcl sonic such con­
::,t ituPnl to the latter to forn1 the \YC'aring surface. 

The 1nntc•rial rnostly usccl in the l rnitcd States for paving 
pnqH,~<•s con1cs fro1n the island of Trinidacl off the north coast 
of\ <'1H'7.ll{'la, ,'outh .A.1nrri<'a, or fro1n thr proYincc of Brr1nudcz 
in\ <'11<'7.ll<'la, the forn1<'r brin~ kno,Yn a::; Trinidad, ancl the latter 
n::-; B<•1·11n1< l<'Z n:::;phalt. 

In the erude :--t:.1tc they contain the follo,Ying constituents: 

Trinitltld 
P .. r C~ut 

\Vnter nn1l l?!ls . . . .. .. .. ............. .. .... :?9 
( lrKnnic 1nal tt•r not hitutnt>n.. . . . . . . . . . . . . . . 7 
'r ' I •1 -._, tnPnl tlU\tlPr .......•........•.•.•...... ·-·> 
Bit\llTIPO .................. . ........ . .. 3tl 

Bermudez 
Per Cent 

l . ,5to 9 
1 . 5 lo 3 

SO .:?to97 

It ,,·ill hP ::<'en fron1 this thnt the Brr1nudez asphalt if- Yrry 
1nu<'h pun•r tha11 the Trinid:Hl. co1u,h,ting of n<'arly pure bitu111en. 
rrhl' hit Ullll'll it:-t>lf analyzes a follo\YS: 

(~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .... 

T 
,:? 33 
10 09 

B 
82 , "I 
10 7q 

~ ....... ......... ......... .. ................. ..... .............. . 6 . 16 5 .1.. T 
i\ . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 0 . S l . , ,) 
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The refined asphalts have the follov,ing: 

Pm SIC.AL CHAR.\.CTERISTics 

Sp. Gr.-at 78° F., original substance dry ..... . 
Color of powder ........................... . 
Lustre ................................... . 

T. 
1.40 

blue black 
dull 

Structure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . homogeneous 

B . 

Fracture .................................. semi-conchoi<lal 

1.0,5 
black 
bright 
uniform 
uniform 

Hardness, original substance... . . . . . . . . . . . . . . 2 
Odor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . asphaltic 
Softness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180° F. 
Flows..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190° F. 
Penetration at 78° F.. . . . . . . . . . . . . . . . . . . . . . . 7° 

CHE~IICAL CHARACTERISTICS 

Dry Substance. 

Loss 325° F., 7 hrs. . . ...... . ..... . . . . . . . . . 
Character of residue ................. . ... . 
Loss 400° F., 7 hrs. (fresh sample) ......... . 
Character of residue ..................... . 
Bitumen soluble in CS2, air temp .......... . 
Organic matter insoluble ................ . 
Inorganic or mineral matter. . . .......... . 

1. 1 per cent 
smooth 

4 per cent 
blistered 

56. 4 per cent 
6. 7 per cent 

36. 9 per cent 

soft 
soft 

160° F. 
170° F 

26° 

4.4 per cent 
4.4 per cent 
9. 5 per cent 
shrunken 

96. 0 per cent 
2. 0 per cent 
2.0 per cent 

100. 0 per cent 1 00 . 0 per cent 

Asphalts from l\Iaracaibo, ruba, l\lexico, and California 
differ somewhat from those mentioned above; but they arc found 
in such limited quantities, ho,veYcr, that they have little com­
mercial value. The evaporation of a petroleum oil ,vith an 
asphalt hasc \\rill also yield a resiclue like the native asphalts, the 
supply con1ing mostly frorn California and Texas, ,vhcre such oils 
are found; but the process of n1anufacture requires such care and 
skill that most of the product, up to the present, is hardly satis­
factory. The distinguishing characteristic between this and the 
native asphalts is that the latter contain rnincral 1natter, "rhile 
the former clo not. 

In I{cntucky, Tennessee, Texas, lTtah, and California i1npreg-



1 



226 HIGH'\VAY ENGINEERING 

Artificial-asphalt pavement is a name applied to one in which 
the wearing coat consists of a mixture of sand, limestone or silica 
dust, and asphaltic cement, which constituents are artificially 
commingled. The sand is for the purpose of taking, the ,vear the 
same as the naturally impregnated sandstones or limestones, 
while the asphalt performs the function of cementing these parti­
cles together in exactly the same way as is done naturally in the 
sandstones and limestones. The function of the limestone or 
silica dust is to fill the voids between the sand grains and thus 
save the expensive material. 

ARTIFICIAL PAVEMENTS are built either in the sheet or block 
form, and in America at least arc the much more satisfactory 
pavement. 

The principal advantages of an asphalt pavement, whether 
sheet or block, natural or artificial, are that, 

(1) It reduces tractive force. 
(2) It is impervious. 
(3) It is easily cleaned. 
( 4) It is durable. 
(5) It is noiseless. 
(6) It produces no dust or mud, 

while its disadvantages are, 
(1) It is slippery under certain weather conditions. 
(2) It is affected to some degree by heat or cold, the former 

softening it and causing it to wave, while the latter will produce 
cracks. 

(3) It is not especially good on heavy grades. 
( 4) It is expensive. 
(5) Excessive moisture disintegrates it. 
(6) It must have an absolutely unyielding foundation, as 

otherwise it is easily broken down. 
An asphalt pavement consists of three essentially different 

parts: 1st, the foundation; 2d, the binder course; and 3d, the 
wearing sw·f ace. 
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THE FOUNDATION 

The foundation is a particularly important factor in the 
case of asphalt pavements, as asphalt in itself possesses no 
resistance to crushing and simply performs the function of tak­
ing up the "'ear. If the foundation hence is not absolutely 
unyielding, the asphalt "ill have no power to counteract this 
lack of strength, and the pavement "rill soon be filled with 
depressions that are quickly converted into holes by the action 
of traffic and the disintegrating effects of moisture collected 
therein. 

At present the most popular and most satisfactory foundation 
for asphalt pavements is a hydraulic concrete. This is made of 
natw·al or artificial cement, in the proportions of l cement to 
2 sand (4-6 broken stone) or 1 cement to 3 sand (5-7 broken 
stone), and varies in depth, depending upon the nature of the 
subsoil, amount of traffic, etc., etc., from 4 ins. to 6 ins. 

With a concrete base it has been found that the surfacing is 
apt to strip off rather easily, but " 'hile this is an advantage as 
regards the matter of repairs, it is a disadvantage in the fact that 
the surface is not so firmly held to the foundation, and in conse­
quence the former is apt to roll and crack under extremes of 
temperature. 

Concrete is, under nearly all circumstances, the best f ounda­
tion, for it forms an impervious covering for the subsoil and 
possesses great strength. v,'hen the street has never before been 
paved, concrete is always selected for these reasons. 

It has frequently occwTed, however, that "much of the sheet 
asphalt in the great cities has been put directly upon old pave­
ments of cobbles or of stone blocks, of which the depressions may 
be filled with hot crushed stone sprinkled with hot asphaltic 
cement, or v.1hich may be merely reset at points of subsidence to 
restore the regular form, but which are usually reset at three 
inches lower grade and v.ith the proper crown in order to n1ake 
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room for the' binder' and' wearing surface' of asphalt without hav­
ing to raise the manholes, car tracks, and curbs. The joints be­
tween the stones of the old pave1nents should be three-quarters 
of an inch wide and should be brushed an<l cleared for at least an 
inch in depth to afford a firn1 hold for the 'binder.' In some 
instances, stone blocks for a base ha ,·e been relaid flat to give a 
lower grade, but this is not good practice and has given poor 
results unless there is a concrete base beneath the old blocks." 

"Brick pavement and 1nacaclan1 have been successfully used 
as a foundation for asphalt, but it is found difficult to restore the 
pavement to its original good condition when cuts have to be 
made for pipes of any kind." 

vVhere concrete is employed, care should be taken to see that 
the material has thoroughly set before the asphalt is applied, 
and before the binder is put on all n1oistw·e should be removed 
fron1 the swface by a sponge or application of heat, as its presence 
prevents a good bond between binder and foundation. 

THE BINDER 

The binder is the nan1c given to the 1nixtw·e of stone and 
asphalt cement which is placed next the foundatiot, and upon 
which the wearing surface proper is laid, and whose function it 
is to bin<l the two together. 

The stone used is any hard tough rock \Vhich has been crushed 
to a size of one and one-quarter inches or less, and usually con­
tains some of the coarser screenings of the sand. Ninety-five per 
cent by weight of stone and five per cent of asphalt cement are 
the proportions used, though this a1nount of cen1ent will vary de­
pending upon voids. The 1nixture of cen1ent and stone should 
be thorough, and so con1plete that every fragment is completely 
covered ,vith the cernent. 

The binder is brought hot to the place fro1n the mechanical 
mixer and spread, by 1neans of rakes, to a depth of about t\'\'O 
inches over the concrete foundation, and then rolled by a steam 
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roller until the thickness has been reduced to one and one-half 
inches. 

The surf ace of the binder course should be made parallel to 
the finished coating, and must be so firm that it is not displaced 
by the passage of teams. 

WEARING SURFACE 

The topmost layer of an asphalt pavement, that is, the wear­
ing coat, is composed of sand, lin1estone or silica dust, and as­
phalt ic cement. 

80 per cent sand. 
10 per cent asphaltic cement. 
10 per cent stone dust. 

THE SAND, constituting about 80 per cent of the wearing sur­
face, should be hard, clean, sharp, and have few voids. This is 
the material that really takes the wear while the asphalt simply 
binds the grains together. The greater resistance to wear and 
crushing hence possessed by the sand the longer the life of the 
pavement. I f the graiI1s are sharp and angular, there will be a 
good mechanical bond similar to that existing in broken stone, 
and if the voids are few there '1111 be less need of the other 
materials, i .e., the stone dust and asphalt, to fill these voids; 
and it will hence require less of the expensive material asphalt to 
bind the whole together, t hus reducing the cost of the pavement. 
The size of the grains should vary so as to diminish the amount of 
Yoi<ls as much as possible. 

TuE STONE DusT may be either limestone or silica, and its 
function is more completely to fill the voids between the grains of 
sand. The proportion of stone dust to sand depends upon the 
percentage of voids in the sand, and the relation must be deter­
mined by trial, as the best ratio is when the combined sand and 
stone dust yield the smallest percentage of interstices. 

To detern1ine this ratio varying amounts of stone dust are 
mixed in a pail with a constant quantity of sand and the resulting 
voids ascertained by pouring in enough water to flush the surface 
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of the 1nixture. That con1bination requiring the least amount 
of \Yater is the n1ost satisfactory as then less asphalt is needed. 
Xccessarily this ,vill vary v.ith the nature of the sanc.l, but usually 
fron1 5 to 15 per cent of dust is needed. 

This stone dust should be so fine that all of it "·ill pass a 30 
n1csh, prr linear inch, sieve, and 75 per cent pass a 100 1ncsh i::.ieve. 

In rrgarcl to the use of carbonate of lin1e or siliC'a 1.lu~t it ,voul<l 
seen1 that the latter is more satisfactory, as it i:, the less slippery 
and is not soluble in rain "·ater containing CO2 gas. 

THE ASPHALT 

The asphalt or asphaltic cement consists of refined asphalt 
n1ixecl v.·ith a flux or softening agent. The refined asphalt is the 
crude asphalt \Yith ,vatcr and volatile oils driven off, and to this 
is aclcled the flux v.·hich varies in character, hut has the property 
of reducing the brittleness or hardness of the rcfincll asphalt to 
form the asphaltic cc1nent "'hich possesses the binding properties 
in the sw·face cost. The fluxes should possess the follov.'ing 

properties: 
" (1) Contain a 1natC'rial volatile under 300° F. as otherwise 

the volatile n1atter ,,ill be given off \Yhile the paving cement 
is being heated preparatory to its being n1ixed ,,,ith the sand 
of the ,vearing coat, an<l consequently the asphalt "'ill lose its 
cemcn ting power. 

" (2) The flux should be as fluid as possible in order that the 
greatest softening effC'ct n1ay be produced by the ]east quantity, 
as ordinarily the fluxing agent is con1paratively expensive. 

" (3) The softening agent should be chcn1ically stable, and 
not lose its fluidity by molecular change. 

" ( 4) The fluxing agent should dissolve the asphalt, and not 
simply form a n1echanical mixture \Vith it. The asphalt consists 
of asphaltine and petroline; the former being entirely devoid 
of ccn1enting power, and the latter highly ccn1entitious; and 
hence the fluxing agent shoul<l dissolve the asphaltine." 
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The fluxes themselves are petroleum residuum, maltha, 
which is a liquid bitumen, and the asphaltic oils; and the 
amount to be used "ill vary both with the flux and the nature 
of the refined asphalt. It is a question which is best. 

The thickness of the wearing surface is about 2½ ins., 2 ins. 
after rolling, for heavy traffic, and 1½ ins., compressed, for light 
traffic. 

The wearing coat is brought to the place hot, at a ten1pcra­
ture of about 280° F. and laid and spreall \'\1ith hot rakes to a 

depth of 2½ ins. and rolled till only 1½ ins. or to a depth of 3¼- ins. 
and rolled till only 2 ins. This latter is the better thickness, 
particularly for heavy traffic. 

The surface of wearing coat is first rolled with a 1,200 lbs. hand 
roller, which is cold, and which is constantly \\riped with oily 
cotton waste to prevent the adhesion of any of wearing coat. 
Hydraulic cement is then swept over the sw·face to give a gray 
color to it and prevent adhesion, when a 5 ton roller is used for 
the final compression. This rolling will require 1 hour to every 
60 X 30 = 1,800 sq. ft. 

GRADE AND CROWN 

" The actual steepest grades existing in various cities are 
sho\'\'11 in the accompanying table, in order that those having 
doubts in any extren1e case may examine some of these grades 
and observe the results. 

ACTUAL GRADES OF SHEET AsPHAL'l' 

Ft. per 
City and State. 100 ft. 

Buffalo, N. Y ......... . ....... 5 .1 
Erie, Penn. . . . . . . . . . . . . . . . . . . 5 
Grand Rapids, l\fich. . . . . . . . . . 7 
Hartford, Conn. . . . . . . . . . . . . . . 5 
Marion, 0 ................... . 5.75 
New York, N. Y ............. 5 
Omaha, Neb ................. 8 
Peoria, Ill. • . . . . . . . . . . . . . . . . . . 7. 2 

City and State 

Pittsburg, Penn. . .......•.... 
Salt Lake City, Utah ... . .... . 
San Francisco, Cal. ......... . . 
St. Joseph, Mo ............. . 
Scranton, Penn .......... . . . . . 
Syracuse, N. Y ........ . ... .. . 
Toledo, 0 ........... .. ... ... . 
Troy, N. Y ..... .. . ... ... . . . . 

Ft. per 
100 ft. 

17 
5 

16 
8 

13 
7 
5 
7.5 
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"The crown used in various cities on level streets is shown in 
the san1e ,vay; it being borne in mind that the least cro\\'Il which 
will shed water makes the best road for those who use it." 

ACTUAL "CRO\VN'' OF SHEET ASPHALT 

Inches per 30 tt. 
City and State. Width bet. curb. 

Albany, N. Y . ............. 5 
Atlanta, Ga . ............... 5 
Binghamton, N. Y . ......... 5 
Buffalo, N. Y . ............. 5 
Charleston, S. C .... ......... 4 
Columbus, 0 ............... 6 
Dayton, 0 .. ............... 4½ 
Detroit, l\fich . ............. 3¾ 
Elmira, N. Y. . . . . . . . . . . . . . . 4½ 
Erie, Penn. . . . . . . . . . . . . . . . . 6 
Fort\Vayne, l\lich ........... 4 
Grand Rapids, i\1ich .. ....... 6 
Harrisburg, Penn. . . . . . . . . . . 5 
Hartford, Conn . ............ 4½ 
Houston, Tex .... .......... 6 

Inches per 30 rt. 
City and St.ate width bet. curb. 

Jackson, 1.fich .. ............ 4-f 
Joliet , Ill. .............. , .. 5 
111ansfield, 0 ................ 5t 
l\1eriden , Conn . ............ 4¼ 
111ilwaukee, ,vis . .. _ ... _ .. _ .11 
111uncie, Ind . ............... 12 
Ne,v Orleans, La . .......... 5 
Peoria, HI. . ................ 6 
Sandusky, 0 ............. .. 6 
Scranton, Penn ............. 5 
Springfield, l\1ass. . . . . . . . . . . 3½ 
St. Paul, Afinn .......... __ .. 5½ 
Terre Haute, Ind .. ......... 7 
Toronto, Ont ............... 7 
Troy, N. Y ................. 5½ 

iVhere street-railway tracks exist on an asphalted street, it is 
usually customary to place some other material than asphalt next 
the rail to permit of wagons turning into or out from the track 
,vithout damaging the asphalt and causing a shoulder as they 
inevitably would do were the asphalt used. In New York 
Gity granite blocks are placed between the rails and a header and 
stretch next the rails on the outer side. Stone or brick is often 
used. 

VVbere, as in some of the larger cities, such as Buffalo, a 
heavy rail of 90 lbs. ,vith a large web 9 to 10 ins. is used, ,vith 
welded joints and a concrete base, it is feasible to lay the asphalt 
close up to the rail. 

BLOCK ASPHALT 

This is formed of about 13 per cent asphaltic cen1ent, 10 per 
cent limestone dust, and 77 per cent crushed gneiss,trap, basalt, or 
other hard rock. Basalt is usually preferable. 

The material is heated to 300 ° F. in a rotary mixer until all 
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the particles have become perfectly coated with the limestone 
dust and cement and then moulded into blocks 12 ins. X (4 to 
5 ins.) X (3 to 4 ins.) by a pressure of 2½ tons per sq. in.; and 
finally cooled in water. 

The advantages of this sort of pavement are: 
(1) It may be laid in cold weather. 
(2) No skilled labor required. 
(3) Requires no plant, hence good for small towns. 
But it is not so good as the sheet form. Has cracks, hence 

not so impervious, not so clean, not so noiseless. The best base is 
concrete, but it is sometimes laid on gravel covered with sand. 

Below are given the complete specifications for both sheet 
and block-asphalt pavements. 

SPECIFICATIONS 

For Regulating, Grading, and Paving or Repaving with Asphalt 
Pavement on a Concrete Foundation the Roadway of ...... . 

• • • • • • • • • • • • • • • • ♦ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

From .............................................. . 
To . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
together with all work incidental thereto. 
1. ExTENT OF vV ORK. The work shall consist of regulating 

and grading the entire street (or if the street is already paved, of 
removing or readjusting the old pavement), setting and resetting 
curb, laying sidewalks where required, and laying asphalt pave­
ment and all work incidental thereto, all in accordance with the 
plans and specifications on file in the office of the Bureau of 
Highways. 

2. OBSTRUCTIONS. The contractor shall remove at his own 
expense, when directed by the engineer, any encumbrances or 
obstructions on the line of work, located or placed there prior to 
or after its commencement. 

3. CATCH-BASINS, MANHOLE HEADS, ETC. Such catch-basins, 
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manhole frames and heads for sewers, water pipes or other con­
duits belonging to the City on the line of the " 'ork, as may be 
designated, shall he reset to the new grades and lines by the con­
tractor without extra charge therefor, and they shall be brought 
to such grades ,vith brick masonry of the sa1ne thickness as that 
originally used, laid i11 hydraulic cement mortar. 

4. NOISELESS ~1ANHOLE CoVERS. Asphalt-filled noiseless 
covers, complete, for "'ater and sewer manholes of the design 
approved by the engineer, shall be furnished and set wherever 
directed by the engineer. They shall be 1nade according to 
general details to be f urnishecl to the contractor and of such sir.e 
as "vill fit the present manhole heads. The old covers to remain 
the property of the City. 

5. REl\IOVAL AND O,VNERSHIP OF OLD ~IATERL\LS. All old 
n1aterial which " 'ill not be used in the "·ork, excepting bridge­
stone and specification paving stone, shall becon1e the property 
of the contractor and be removed by hin1; the remaincler, as 
specified above, shall be delivered when required, and piled in 
such corporation yarcl or clse"vhere as the engineer may cleter-
1nine, and all at the expense of the contractor. 

6. PREPARATION OF Fot,'NDATION. \\7hen the old material 
has been removed, that to be used again shall be con1pactly piled 
on the side and the roadway graded to the required shape and 
depth below the proposed finished pavement. All unsuitable 
111aterial shall be rcn1oved and replaced ,Yith that \vhich is satis­
factory. "\\'henever dee1ned necessary by the engineer, the sub­
grade shall be rolled by a suitable steam roller. 

7. R ELAYING S'rONE PAYEJ\1ENT. V\'hen the present paven1ent 
is specifiecl as a foundation, any and all portions thereof unfitted 
for the pw·pose by reason of grade or other"vise shall be taken 
up and relaid as may be directed, and for such purpose the 
n1aterials necessary to be re1nove<l shall be piled or disposed of 
as heretofore specified. 

8. On the roadbed graded and prepared as hereinbefore set 
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forth, the stones shall be relaid at right angles to the line of the 
street. They shall be well bedded on gritty earth or other 
material approved by the engineer, with sw·face joints not ex­
ceeding one (1) inch, the joints to be brushed full of the same 
n1aterial and the stones rammed to a solid, unyielding foundation, 
,vith their top surf ace parallel to and three (3) inches below the 
~urface of the pavement to be laid. Such additional stones as 
may be required shall be supplied by the contractor without 
charge therefor. 

9. INSPECTION AND PILING OF l\1ATERIAL. The material for 
construction when brought upon the street shall be neatly piled 
so as to present as little obstr11ction to travel as possible. No 
material shall be used without having been first inspected and ac­
cepted by the engineer, the contractor furnishing all labor neces­
sary for inspection without any charge. Should the work be 
suspended for any cause the materials shall be removed from the 
line of the work at the direction of the engineer, and unless so 
removed by the contractor upon notice from the said engineer, 
they \Vill be removed by the president, and the expense thereof 
charged to the con tractor. 

10. CITY ~IoNu'?l-1ENTS. The contractor shall not excavate 
arour1d such city monuments and bench-marks as may come 
\vithin the limits of, or be disturbed by the work herein contem­
plated nearer than five (5) feet, or in any manner distw·b the 
same, but shall cease work at such locations until the said monu­
ments or marks have been referenced and reset or otherwise dis­
posed of by the chief engineer of the Bureau of Highways. The 
necessary labor to remove, care for, and reset all such monuments 
and bench-marks shall be fw·nishcd without charge therefor by 
the contractor. 

11. ExcAVATION AND GRADING. All material of every de­
scription-earth, rock, subsoil, vegetable or other matter, brick 
and stone masonry-overlying the subgrade hereafter described, 
shall be removed and the roadway and sidewalks freed from all 
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stones, and shaped as shown on plans. Excavations, of ,vhateYer 
character, shall exten<l fully to the lines specified on the plans. 
The cost of grubbing up and ren10\'ing any trees, shrubbery, 
fences, timber, pipes, rubbish, or filth shall be included in the 

price bid for excavation. 
12. The excavation shall be carried to the established grade 

and the side,valks shall slope upward from the curb grades to­
"'arcl the house lines, all in accordance \\·ith the dimensions 
sho"'Il on the plan of the work and as the sarne are designated on 
the ground by the engineer. Should any soft, spong)7

, vegetable, 
or other objectionable matter be disclosed by the excavation thus 
made, or be located where filling is to be clone, such n1atcrial shall 
be rcmovrd and replaced ,vith coarse sand, gravel, or other suit­
able material, ,vhich shall be thoroughly co1npacted, as hercin­
af ter directed, at the price herein bid for earth exca Yation. 

13. F1LLIKG AND E~lBANKl\tENTS. En1bankmcnts shall be 
brought up to the designated grades, and the top, shapecl off and 
compacted as defined for earth excavation, shall extend fully to 
the lines and be maintained at the designated "·idth and elevation 
until the expiration of the period of maintenance. Such exca­
vated n1atcrial as may be fit for the purpose and as may be neces­
sary shall be use<l to fill in those parts of the street " 'luch are 
below the aforesaid grades, or \vhich haYe become so by the 
r emoval of rock or improper n1aterial, in the n1anner hereafter 
provided, and the price paid per cubic yard of excaYation is to in­
clude the cost of properly placing such exca,·atcd n1aterial as 
filling and in embankm.cnt , an<l the rcn10Yal fron1 the "ork of 

such as is not so utilized. 
14. No excavated or other n1aterial nC'cessary to be disposed 

of shall be <lumped or placed withi11 the li1nits of any existing or 
projected public Rtreet or road, nor shall any n1aterial be exca­
vated and removed from such locations \Yithout the \Yrittcn per­
mission of the engineer. ~ 7hen the n1aterial excavated, fit for 
filling, is insufficient in quantity to regulate the street, such 
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aJclitional n1aterial necessary shall be furnished and placed by 
the contractor, and the quantity thereof to be paid for as " filling 
to be furnished" shall be the clifference bet,veen the total amount 
of filling done or excavation made, ,Yith slopes in case as herein 
described, and to the grades shown on the cross-sections of the 

street. 
15. The total amount of filling done \\ill be determined by 

calculation, and will be only so much as is included bet\\1een the 
eleYation of said surface deposit, as recorded by the engineer, and 
the grades hereinbefore set forth (,vhrre such filling comes up to 
such grades) and no allowance \\ill be made the contractor for any 
shrinkage, sinking, or settlement. All filling shall be good, 
"'·holeson1e earth, free from all frozen n1aterials, garbage, vege­
tables, spongy or unsuitable matter. 

16. CcRBSTONE. Old cw·bstone which can be redressed to a 
top "i.dth of not less than fow' and one-half ( 4½) inches and not 
less than sixteen (16) inches deep and arc of the quality hereafter 
specified, shall be redressed, rejointecl, and reset as directed 

below. 
17. Ql.IALITY OF. N cw curbstones shall be free from sean1s 

and other imperfections and equal in quality to the best North­
River bluestone. They shall be ( ) inches in depth, and 
from three and one-half (3½) to eight (8) feet in length and not 
le$S than five inches in thickness, except as noted for bottom of 

curb. 
18. How DRESSED. The face for a depth of nine (9) inches 

and the top on a bevel of one-half (½) an inch in its width of five 
(5) inches shall be dressed to a surface which shall be out of wind 
and shall have no depressions measuring more than one-quarter 
of an inch from a line or straight edge of the same length as the 
curbstone. The remainder of the face shall be free from pro­
jections of more than one-half an inch, and the back for three (3) 
inches down from the top shall have no projections greater than 
one-quarter of an inch measw·ed from a plane at right angles to 

• 
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the top. The bottom of the curb shall be rough-squared "-ith a 
"'idth of not less than three inches. 

19. J OINTS OF. CURYED CrRB. For the full ,Yi<lth of the 
stone for a distance do'1'Il of four ( 4) inches fron1 the top, and 
there below, for a ,vidth of one and one-half inches back from 
the face to a point twelve (12) inches below the top of the curb, 
the ends shall be squarely jointed v,ith no depression greater than 
three-eighths of an inch, measw·ecl from a straight edge. Curyecl 
curb corners shall be cut \Yith true radial joints and be set accu­
rately to such a radius as may be required in three (3) foot lengths . 
It shall be paid for as straight cw·b, and must comply in all re­
spects ,vith the aboYe requirements therefor. The cost of ex­
cavation necessary for curb-setting shall be included in the price 
paid per linear foot of curb. The sample of the curbstone sho'1'­
ing the dressing and the jointing required can be seen at the office 
of the chief engineer of the Bw·eau of High,Yays. 

20. ,,11-1EN SET JN CONCRETE. ,,nere the paven1rnt is to be 
laid on concrete the curb shall be also set on concrete, as sho~7!1 
by detail on plan, and shall be set truly to line and grade on a 
face batter of one and a half inches in its depth. 

\'\,.HEN BET ON SAND. ,,11en the pavement is to be laid on 
sand foundation the curb shall be firmly bedded in sand or fine 
gravel, and the space behind the cw·b to the top shall be filled 
" ·ith the same material thoroughly tan1pecl. In either case each 
curbstone shall be set truly to line and grade on a face batter 
of one and one-half inches in its depth. 

21. CHARACTER OF CONCRETE. The concrete foundation for 
cw·bstone shall be not less than six (6) inches thick and seventeen 
(17) inches in \viclth, and be of the materials and proportions here­
inafter described, except that the broken stone shall be not less 
than one-quarter (¼) nor n1ore than one and a quarter (1 ¼) inches 
maxi1num din1ensions; the curb shall be immediately bedded 
on the centre thereof, v.ri.th a bearing for its full length as soon as 
the concrete is lai<l, and it shall be at once backed up " 'ith con-
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crete for a \Yidth of six (6) inches, extending from the bottom bed 
to \\r:ithin four ( 4) inches of the top of the stone. The concrete so 
used will be paid for at the general price per cubic yard for con­
crete. 

22. IN FRONT OF CEl\IENT WALK. When cw·b is set in front 
of a monolithic "·alk, the space between the curb and sidewalk 
foundation shall be completely filled with concrete similar to that 
described aboYc, to "rithin two (2) inches of the top; the re­
n1aining spare to be filled with Portland cement of the quality 
hereinafter specified, mixed "rith an equal part of crushed stone 
used for wearing sw·face of such \Yalks. ,,1ierever cw·bstones, 
ho~vever set, Rhall have beco1ne displaced or damaged from any 
cause, such curbstone shall be reset or new ones shall be fw·nished 
in their place and no compensation therefor shall be allowed. 

23. SIDE"'\YALKS. On repaying work the first cow·se of 
flagstones interfering ,vith the work of curb-setting shall be taken 
up an<l rrlaid to the new curb grade, at the expense of the con­
tractor. Any damage done by the contractor to sicle"'alks in 
curb-setting, handling, or in the storage of materials, shall be 
n1a<le gooc.l by hin1, at his o"'Il expense, as shall be directed by the 
engineer. 

24. I-low LAID. All flagging to be relaid shall be firmly and 
evenly bedded to the grade and pitch required, on three (3) inches 
of stcan1 ashes or sand free fron1 loam or clay and the work 
brought to an even surface, "rith all joints close and thoroughly 
filled for the full depth "-ith cement mortar composed of equal 
parts of the best Portland cement and ck'an, sharp sand, and left 
clean on the surface, and all earth, debris, and sw·plus 1natcrial 
shall be removed from each block and the sidewalks swept clean 
as soon as the \York thereon has been con1pleted. 

25. READJL'STIIENT OF ExTERIOR FLAGGING. On an original 
improvcn1ent the contractor "'ill be required to relay at his O\Yn 
expense any and all flagstones adjoining, but outside the limits 
of this work, which n1ayrequire readjusting toconforn1 to the ne,v 
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grades and to replace \\1th new flagstone any such remoYed 
stones which may be broken in handling or relaying, as ,,ell as 
all flagging necessarily removed in grading, unless a price is asked 
for the same. 

26. QUALITY AND DThIENSIONS OF NEW FLAGGING. All new 
flagging shall be of bluestone of satisfactory and uniforn1 color 
and equal in quality to the best North-River bluestonc, and shall 
be free from sap, seams, flaws, drill holes, and discolorations. It 
shall have a smooth surface, be out of wind, and not less than 
three (3) inches thick at any point, and shall be five (5) feet in 
length and not less than two and one-half feet in "·idth, except 
that wherever in sidewalks an old stone of superior dimensions is 
broken, but one new stone shall be put in its place, \Vhich must 
be in length and width not less than the old stone. N e,v flag­
stone of smaller size shall be furnished when directed by the 
engineer, such stone to be of specification thickness and be used 
when necessary to match existing courses on walks already 
partly flagged and in the closure course of such walks as are to 
be flagged for the full width. 

27. DRESSING AND CUTTING. All stones shall be chisel­
dressed with opposite sides parallel and adjacent sides at right 
angles, on the four ( 4) edges a distance down of one (1) inch from 
top and at right angles thereto, and such dressing shall be entirely 
completed before said stone shall be pl,aced on the bed prepared. 
Such further necessary dressing will be required that the stones 
may fit closely to circular comers and coping courses and around 
all gas lamps, posts, and poles of all descriptions, hydrants, water 
boxes, sewer manholes, basins, etc., and to give openings nine 
(9) inches square over city monuments and good and sufficient 
openings around all trees. 

28. LA YING. All flagging shall be laid in regular courses fiye 
(5) feet in ,vidth, and shall be firmly and evenly bedded to the 
grade and pitch required, on three (3) inches of steam ashes or 
sand, free from clay or loam; the work to be brought to an even . 
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surface v.ith all joints close and thoroughly filled for their full 
depth v.ith cen1ent mortar con1poscd of equal parts of the best 
quality of Portland cen1ent and clean, sharp sand, and left clean 
on the surface; but no n1ore n1ortar shall be rnixecl at any one 
ti1ne than can be used ,Yi thin one-half ( ½) an hour, nor shall any 
1nortar be laid against any edge of a stone until the stone to abut 
thereagai~st shall have been con1pletc]y dressccl ready for laying. 

29. PRICE TO I xcLrDE. The price paid per :--quare foot for 
new flagging shall incluclc the furnishing of the ne,Y stone and all 
\York incidental to and including its laying as above de::-cribrd. 

30. FLAGGIXG TO BE RELAID. ,,11ere a price is asked for 
relaying old flagstones, all such existing stones ,Yhich shall be 
considered by the engineer suitable for relaying, or \Yhich, though 
broken, n1~y be recut to an acceptable size, shall be pitched on 
the four edges to true lines, care being taken to get a joint as 
nearly at right angles as possible to the upper surface of the stone 
and free from feather edges, and be relaid in front of the property 
rrhere found; the stone to be completely dressed before being 
laid on the bed prepared. 

31. RE'.\IOYAL OF FLAGGING. ~o flagstone ,Yhatcver shall be 
ren1oved fron1 its bed unless the said stone shall haYe heen 
designated by the engineer for removal, and said engineer or 
inspector shall be present to examine its condition, and it shall 
be the duty of the contractor to notify the engineer ,YheneYer 
old flagging is to be lifted. All stones necessary to be ren10Yed 
shall be carefully lifted by barring under the exposed edge, and 
no barring bet,veen joints shall be pern1ittecl; those in the tail 
course interfering ~vith the work of curb-setting shall be lifted 
clear and be set back. Flagstones, on being remoYed, shall be 
stood in piles according to size and be kept clear of other mat<'rial 
(in front of the property where found), and when directed by the 
engineer the contractor shall remove off the work and not again 
re-en1ploy thereon any employee found breaking or injuring old 
stone by carelessness in handling or otherwise. 

16 
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32. HEADIXG STONES. "\"\11ereYer the nr"· pavement abuts 
pavement of a different character or an unpaYed street, the con­
tractor shall put do"rn bluestone heacling stones at least three (3) 
feet long and one (1) foot deep, and set "'ith full bearing on a bed 
of concrete nine (9) inches wic.le and six (6) inches deep, of the 
quality hereinafter described. These heading stones shall be of 
good sound bluest one, free from lan1ination or seam; they shall be 
dressed square on top to a good surface, free from great irregulari­
ties, and to a uniform width of not Jess than four and a half 
( 4½) inches. The ends shall be jointed square <lo"711 to give cloRe 
joints, and the bottoms shall beno\,,here less than three (3) inches 
wide and be cut to give a full square bearing throughout, and the 
sides shall be free from bunches. 

33. CoNCRETE.-CEl\IENT.-PROPORTIOK. The concrete shall 
be n1a<le of the best quality of PortJan·l cement, samples of "'Juch 
must be subn1itted at least te11 (10) days (Sundays and holi­
days excluded) before using, for the inspection and approval of 
the chief engineer. i\.ll cement shall be a uniform quality, color, 
and " 'eight, and briquettes of one (1) square inch section shall 
develop or exceed the f ollo"·ing tensile strength: 
Neat-fow· (4) hours in moist air, twenty (20) hows 

in ,vat er ... . .. .. ... . ...................... 200 pounds 
Neat-one (1) clay in air, six (6) days in water ...... 400 pounds 
One (1) of cen1ent, three (3) of sand, one (1) clay in 

air, SL"'< (6) days in water .................... 150 pounds 
The concrete shall be composed of one (1) part of cement, three 
(3) parts of sand, an<l six (6) parts of broken stone. The unit of 
measw·e shall be the barrel of cement as packed by and received 
from the manufacturer. 

34. SAND AND STONE. The sand shall be clean, coarse, and 
sharp, and be free fro1n loam or dirt. The broken stone shall be 
of trap, granite, or limestone or such other stone taken from the 
line of work as shall be satisfactory in the judgment of the engi­
neer. It shall be entirely free from dust and dirt, and be of 
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graded sizes such that all "rill pass through a revolving circular 
screen having holes t"'·o and one-half (2½) inches in dian1eter and 
be retained by a screen having holes one-half(½) inch in diameter. 
The sand and stone shall be placed upon board platforms and be 
kept free from dirt, and the cement shall be properly blocked up 
and protected from dampness. 

35. ~IIxING. The sand and cement shall be n1ixecl dry, then 
1nade into mortar by the addition of water, when the broken stone 
shall be added and the " 'hole mass thoroughly mixed. The con­
crete shall then be spread upon the subgrade and rammed so as 
to fill all the voids of the stone with mortar and bring the surface 
exactly t hree (3) inches below t he finished pavement. If a 
1nachine be used for mixing, the above operation may be varied 
as may be required. No concrete shall be used that has been 
1nixed n1orc than one-half how·. The concrete shall be protected 
fron1 the " 'eather "'hen deemed necessary by the engineer. 

36. No CARTIXG. No horses, carting, or " 1heeling shall be 
allo"'ed on the concrete hef ore the san1e has set, except on planks 
furnished and laid by the contractor. 

37. Tu1cKNESS. The concrete foundations shall be five (5) 
inches thick, except where otherwise specially ordered. 

STO="1'E PA VEl\IENTS 

38. BRIDGESTONEs.-Qu.-~LITY. ,,Then required, old bridge­
stones shall be redressed, rcjointed, and relaicl as hereafter di­
rected for ne"' briclgestoncs, and for such purpose shall be haul eel 
to t he necessary point or points by the contractor. Bridgestone 
broken by being so hauled, redressed, or relaiJ shall be replaced 
by the contractor at his O\Yn expense. New bridgestones shall 
be of the same quality of granite as the blocks, free fron1 all im­
perfections. 

39. Dll\IENSIONS. They shall be eighteen (18) inches wide, 
of a uniform thickness, not less than six or n1ore than eight inches 
in depth, and from three and one-half (3½) to eight (8) feet in 
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length, except that in special cases, between railroad tracks, 
they may be of such dimensions as may be approved by the chief 

engineer of the Bureau of Highways. 
40. D RESSING. The top shall be dressed to ~ sw·face not 

varying in evenness more than one-quarter (¼) of an inch. The 
sides and ends shall be dressed square down and the latter cut to 
a transverse bevel of six (6) inches in the width or to such other 
bevel as may be directed, and the jointing from top to bottom 
shall give joints not greater than one-quarter ( ¼) of an inch. 

41. LA YING. The bridgestones shall be laid in parallel cow·ses 
separated by granite blocks, and shall be well and firmly bedded 
on a layer of sand spread on the foundation as prepared for the 
pavement . The transverse joints shall be broken by a lap of at 
least one (1) foot, and be so laid as not to be parallel to vehicu-

lar traffic. 
42. BLOCKS. The blocks to be used shall be of a durable, 

sound, and uniform quality of granite, each stone measw·ing not 
less than eight (8) inches nor more than twelve (12) inches in 
length, not less than three and one-half (3½) nor more than fow· 
an<l one-half ( 4½) inches in width, and not less than seven (7) nor 
more than (8) inches in depth, and the stones shall be of the same 
quality as to hardness, color, an<l grain. No outcrop, soft, brittle, 
or laminated stone will be accepted. The blocks are to be rec­
tangular on top and sides, unif orn1 in thickness, to lay closely, 
and with fair and true surfaces, free from bunches. Over special 
constructions, the blocks may be of dimensions other than above 
specified when approved by the engineer. The stone fron1 each 
quarry shall be piled and laid separately in different sections of 
the work, and in no case shall the stones from cliff erent quarries 

be n1ixed. 
43. PAVING CEMENT. The paving cement to be used in filling 

the joints between and around the paving blocks an<l bri<lgestones 
when laid on concrete, as hereafter provided, shall be composed 
of t\venty (20) parts of refined asphalt and three (3) parts of 

• 
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residuum oil, mixed ,vith one hundred (100) parts of coal-tar 
pitch such as is ordinarily nun1bered four ( 4) at the manufactory, 
the proportions to be determined by weight. The pitch, oil, and 
asphalt must be heated and mixed on the work in the proportions 
named, as needed for immediate use unless other'\\1ise directed. 

44. SA~D. On the roadbed or on the concrete foundation, as 
designated, shall be laid a bed of clean, coarse dry sand to such 
depth (in no case less than one and a half [11] inches), as may be 
necessary to bring the surface of the pavement, ,vhen thoroughly 
rammed, to the proper grade. 

45. LAYING. On this sand bed, and to the grade and cro,vn 
specified, shall be laid the stone blocks at right angles to the line 
of the street or at such angle as n1ay be directed. Each course 
of blocks shall be laid straight and regularly, ,vith the encl joints 
by a lap of at least three (3) inches, and in no case shall stone of 
different width be lai<l in the same course except on curbs. All 
joints shall be close joints, except that when gravel filling is used 
the joints bet,veen courses shall be not more than three-quarters 
(¾) of an inch in ,,..iclth. 

46. ON SAND FOUNDATION. As the blocks are laid they shall 
be covered \\1.th sharp, coarse san<l, free from gravel, which shall 
be raked or brushed until all the joints become filled there'\\rith; 
the blocks shall then be thoroughly rammed to a firm, unyielding 
be<l, ,vith a uniforn1 sw·facc to conform to the grade and crown of 
the street. It shall be covered V\rith a good and sufficient second 
coat of clean, sharp sand, and shall immediately thereafter be 
thoroughly rammed until the \York is made solid and secure; and 
so on until the whole of the work shall have been well and faith­
fully completed. No truck or vehicle shall be allowed to pass 
over it until the final ramming has been completed as above, 
but no ramming shall be done within twenty feet of the face of 
the work that is being laid. 

47. ON CONCRETE FOUNDATION. When the pavement is laid 
on a concrete foundation the blocks shall be covered with a clean, 
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hard, and m'Y gravel, which shall have been artificially heated an<l 
dried in proper appliances, placed in close proxinuty to the \'\'Ork, 
the gravel to be brushed in until all the joints are filled therewith 
to within three (3) inches of the top. The gravel must be en­
tirely free from sand or dirt, and must haYe passed through a 
sieve of five-eighth (i) inch mesh and been retained by a three­
eighth (¾) inch mesh. 

48. RAi\Il\IING. The blocks must then be thoroughly ran1med 
and the ramming repeated until they are brought to an unyield­
ing bearing "rith a uniform surface, true to the gi,·en grade an<l 
cro\\'Il. No ramming shall be done "rithin t"·enty (20) feet of the 
face of the \\'Ork that is being laid. 

49. TEi\IPERATL""RE OF PA,~KG CEMENT. The boiling paYing 
cement, heated to a temperature of 300° Fahrenheit, and of the 
composition hereinbefore described, shall then be pow·ed into 
the joints until the san1e are full, and remain full to the top of 
the gravel. Hot gravel shall then be poured along the joints 
until they are full flush with the top of the blocks, when they shall 
again be poured \\rith the paving cement till all voids arc com­
pletely filled. 

50. The appliances for heating paving cement shall be suf­
ficient in number and of such efficiency as \Yill permit the pow·ers 
to closely follow the back rammers, and all joints of the finally 
rammed pa,rement shall have been filled ,vith paving cen1ent as 
above noted, before the cessation of the work for the day or any 
other cause. 

51. TooTHL~G CE111EKT. ,,11ien shown on the plans on either 
or both sides of the rails of car tracks, as may be designated, the 
contractor shall lay on the concrete foundation adjacent thereto 
a bed of Portland-cement mortar, of the quality hereinbef ore Rct 
forth, one of cement to three of sand, in \\'hich long and short 
blocks, alternating and toothing into the pavement as headers, 
shall be bedded. This mortar be<l shall e~iend outward from 
the rail to a ,viclth of four ( 4) inches beyond the outer edge of 
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the long blocks, and it shall not be prepared for or laid to an 
extent greater than fifteen (15) feet in advance of the pavers, and 
before laying the concrete shall have been first thoroughly 
swept and wetted. 

52. The top of concrete shall be at such elevation and the 
mortar shall be of such thickness (in no case less than 1½ inches) 
that when the paving blocks are therein en1bedded there shall 
ren1ain at least one inch of mortar under the stone, the top sur­
face shall be a quarter of an inch above the tread of the adjacent 
rail ( except at guards or other projections, when they will be 
flush with the latter), and the bottom of the stone shall be locked 
in a position by the displaced mortar rising in the joints. 

53. No ramming of toothing stones shall be allowed, and 
they shall be set carefully to grade, with joints filled and poured 
as above, except that smaller joints and finer gravel may be used 
when deemed best by the engineer. These toothing stones shall 
be properly protected until the mortar is set. 

54. \i\Thenever granite blocks are laid in connection with an 
asphalt pavement the work shall be done in accordance with the 
above specifications. 

ASPHALT PA VEl\IENT 

55. DEFINITION. The pavement proper shall consist of a 
binder course one (1) inch in thickness and a wearing sw·face 
two (2) inches thick and equal to the pavement mixture herein­
after described. Before laying binder, the sw·f ace of the f ounda­
tion shall be thoroughly swept and cleaned, and all dirt and fine 
particles removed fron1 the joints of blocks to such n, depth as 
may be directed by the engineer. 

56. BINDER COURSE. The binder shall be composed of suit­
able clean broken stone passing a one-and-a-quarter (1¼) inch 
screen, not more than ten (10) per cent of which shall pass a 
No. 10 screen. 

57. STONE. The stone shall be heated in suitable appliances, 
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not higher than 325° Fahrenheit, and then thoroughly mixed by 
machinery with asphaltic cement equivalent in composition to 
that hereinafter set forth, at 300° to 325° Fahrenheit, in such 
proportion as shall be acceptable to the engineer. 

58. LAYING. The binder must be hauled to the work anll 
spread while hot upon the foundation to such thickness that, after 
being immediately compacted by ramming and rolling until it is 
cold, its depth shall be at no place less than one (1) inch, and its 
upper sw·face shall be parallel to the surface of the pavement to 
be laid. Upon this binder cow·se must be laid the wearing sur­
face or pavement proper. 

59. PAVEi\IENT lVI1xTURE. The pavement 1nixture for the 
wearing surf ace shall be composed of: 

(a) Asphaltic cement (refined asphalt, heavy petroleum oil, 
or liquid asphalt). 

(b) Clean, sharp sand. 
(c) Finely po\vclered inorganic dust. 
60. DEFINITION. The term asphalt shall be construed to 

signify any natural mineral bitumen, liquid or solid, which is ad­
hesive, viscous, ductile, and elastic, or which becomes adhesive, 
viscous, ductile, and elastic on the application of heat. Said 
natw·al bitumen may be either in a state of purity or in ad­
mixture with native, non-bituminous matter. 

61. Col\IPOSITION. The refined asphalt shall be obtained by 
refining crude natural asphalt until the product is homogeneous 
and free from ,Yater. Asphalt obtained from the distillation of 
asphaltic oils "-ill not be accepted. I t n1ust not be affected by 
the action of ,vater; must contain not less than ninety (90) per 
cent of bitumen soluble in carbon bisulphide, and of the bitumen 
thus soluble in carbon bisulphide not less than sixty-eight (68) 
per cent shall be soluble in boiling Pennsylvania pertroleurn 
naphtha (boiling-point from 40 to 60 centigrade); or, if it does 
not contain sixty-eight (68) per cent thus soluble in naphtha, 
but is satisfactory in other respects, the deficiency may be sup-
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plied by fluxing the refined asphalt, with such a percentage 
of a viscous liquid asphalt, satisfactory to the engineer, as 
"·ill bring it up to the required standard. It must comply in 
all respects '\\1.th the tests enu1nerated in a, b, c, d, and e of 
Paragraph 62. 

62. PETROLEl~I OIL. Heavy petroleum oil, if used in the 
n1anufacturc of the asphaltic cen1ent as hereinafter described, 
shall be a petroleun1 from which the lighter oils have been re­
moved by distillation without cracking, until it has aspecific graY­
ity of 15° to 22° Beaume ancl the f ollo'\\'i.ng properties: 

REQUIRENIENTS. (a) Flash test not less than 300° Fahren­
heit ( the flash test shall be taken in a N cw York State closed 
oil-tester). 

(b) Fire test not less than 350° Fahrenheit. 
(c) No appreciable a1nount of light oils or matter volatile 

under 250° Fahrenheit. 

(d) l\,latter volatile at 350° Fahrenheit in 24 hours, less than 
8 per cent. (The test for " matter volatile at 350° Fahrenheit " 
shall be 1nade with approximately 50 gms. of oil, in an open, flat­
bottom, cylindrical dish 2½ ins. in diameter and 1} ins. high. 
The thermometer shall be applied so as to register the tempera­
tw·e of the oil.) 

(e) It shall be free from coke and any manner or forn1 of 
adulteration. 

63. LIQUID ASPHALT. Liquid asphalt, n1alths., or any other 
softening agent fulfilling the above test and approved by the 
engineer, may be used in place of heavy petroleum oil. 

64. AsPHALTIC CEl\IENT. ,¥hen refined asphalt is not already 
of the proper consistency an asphaltic ccn1ent shall be prepared 
by fluxing refined asphalt \Vith heavy petroleu,n oil or other ap­
}H'OYC<l softening agent, complying \vith the above specifications, 
at a ternperatw·e bet,veen 250° and 350° Fahrenheit and in such 
proportion as to produce an asphaltic cement of a consistency 
to be clcterminc<l by the engineer. The asphaltic cement shall 
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fulfil the requirements of paragraphs a, b, c, d, and e of Section 

62 above. 
65. As soon as the fluxing agent is added the entire mass shall 

be agitated by an air blast or other suitable appliance, and the 
agitation continued until a homogeneous cement is produced. 
The asphaltic cement must never be heated to a ten1perature ex­
ceeding 350° Fahrenheit. If asphaltic cement containing o-ver 
ten per cent of foreign material is kept in storage, it must be 
thoroughly agitated when used, as must also all clipping kettles 

while in use. 
66. SAND. The sand to be used shall be hard-grained, moder-

ately sharp and clean, not containing more than 1 per cent of 
clay or loam. On sifting the whole shall pass a 10 n1esh screen, 
20 per cent shall pass an 80 mesh screen, and at least 7 per cent 

shall pass a 100 mesh screen. 
67. I NORGANIC DusT.-The inorganic dust shall be finely 

powdered carbonate of lin1e, granite, quartz, or other inorganic 
dust approved by the engineer. Such inorganic dust must be of 
such a degree of fineness that the whole of it shall pass a 30 mesh 
screen, and at least 66 per cent a 200 n1esh screen. 

68. P AVEl\1ENT niI1xTURE. The materials co1nplying \Yith the 
above specifications shall be mixed in proportions by "·eight, 
depending upon their character. These proportions \Yill be de­
termined by the engineer, but the percentage of matter soluble in 
carbon bisulphide in any paven1ent mixture shall not be less than 
nine and one-half nor more than tVi1elve per cent. If the pro­
portions of the n1ixtures are varied in any manner f ron1 those 
specified, the 1nixture ,,rill be condemned, its use will not be 
permitted, and, if already placed on the street, it \Yill be rcn10Yed 
and replaced by proper rnaterials at the expense of the contractor. 

69. The sand and the asphaltic cernent "'ill be heated sepa­
rately to approxin1ately 325° Fahrenheit. The stone dust shall be 
n1ixe<l, ,vhile cold, with the hot sand. The asphaltic cement will 
then be rr1ixe<l with the sand and stone dust, at the required 
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temperatw·e an<l in the proper proportion in a suitable apparatus, 
so as to effect a thoroughly homogeneous mixture. Sand boxes 
and asphalt gauges shall be ,veighe<l in the presence of inspectors 
a~ often as may be desired, and samples of any of the materials 
used shall be supplied to the inspector of asphalt at any time, 
an<l the engineer or his rcpresentatiYe shall have access to all 
branches of the "'ork at any ti1ne. 

70. LAYING THE PAYE1"IEKT. The above-described n1aterials 
shall be 1nixed in the c.leternlined proportions in a stan<lar<l as­
phalt-1nixer and carried to the street at a ten1perature ranging 
frorn 250° to 325° :F'ahrenheit and spread upon the binder to such 
a drpth as "1.ll insure a thickness of two (2) inches after ultin1ate 
co,npression. This con1pression wiil be attained by first sn1ooth­
i.ng the surface ~·ith a hancl roller, or a light steam roller, after 
,vhich hydraulic cement shall be swept over it, when the rolling 
,Yill be continued with a ten ton roller until no i1npression is 
1na<lc upon the surface. A space of twelve (12) inches next the 
curb shall be coated ,vith asphaltic cen1eut and the san1e ironed 
into t-hr pavr1nent with hot srnoothing irons. 

71. RocK AsPHALT.-Shoulc.l any of the rock asphalts be used, 
th(' 1naterial shall be a natural biturninous lin1estone or sandstone 
or a n1ixture of the two, ant! shall be prC'pared and laid in the 
follo~'ing manner: The lu1nps of rock, after being mixed in the 
propt•r proportions, shall be finely crushed and pulverized, an<l 
th(' pO\Ydrr passed through a twenty (20) mesh sieve. In case 
of thr use of any asphaltic lin1estone, or of a mixtw·c of an asphal­
tic litnestonc and an asphaltic sandstone, nothing ,vhatcvcr shall 
he alkled to or taken fron1 the po\Yclrr obtainrcl by grinding the 
natural bitunlinous rock. 8houkl it be proposed to use an as­
phaltic sandstone only, which contains more than nine (9) per 
cent of natural biturncn, of such a consistency that, the resulting 
pa,·en1ent ,Youlcl prove too soft to sustain traffic, the material, 
if sati:-.f actory in other rrspccts, shall be made to conforn1 ,Yith 
t-hc rrquirenients of Srct1on 73, by the addition of inorganic 
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dust, in such manner and in such proportion as the engineer rnay 
direct. The powder shall contain from nine (9) to t\\·elve (12) 

per cent of natural bitumen. 
72. L.\ YING. This powder shall be heated in a suitable ap­

paratus to 200° or 250° Fahrenheit and must be brought to the 
ground at a temperature of not less than 180° Fahrenheit in carts 
n1ade for the purpose, and carefully spread as specified for re­
fined asphalt pavement, to such a <lepth that after having rc­
ceiYecl its ultirnate con1pression it "·ill l1ave a thickness of t"·o 
and one-half (2½) inches "·hen laid on concrete. \'\'hen the 
foundation is other than concrete it shall be laid on a one inch 
binder course as heretofore described, an<l the net thickness of 
the rock asphalt '\\'earing surface after co1npression shall be t"·o 
(2) inches. The sw·face shall be rendered perfectly even by 
tamping, smoothing, and rolling ,vith heated appliances of ap­

proved design. 
73. GENERAL REQ""CIREl\IENTS. The n1aterials complying '\>vith 

the above specifications shall be n1ixed in such proportions and 
,vithin such lin1its, by weight, depending on their character, as 
shall be deter1nined by the engineer, but whatever may he thr 
character of the asphalt or of the asphaltic ccrnent used, the 
pavement obtained must and shall conform to the folloVi-ing gen­
eral requirements: The pave1nent "·hen laid shall not be so soft 
as to be unfit for travel on the hottest days of summer, nor so harcl 
as to disintegrate from the effect of frost. It shall contain no 
water nor appreciable amount of light oils, nor matter volatile at 
a temperature of 250° Fahrenheit. ,vhen laid the "·earing 

• 
surf ace mixture shall yield not less than nine and one-half (9½) 
nor more than t~1elve (12) per cent (except in the case of rock 
asphalt, \vhcn the limit shall be as established in Section 71) of 
bitumen soluble in carbon bisulphic.le, of which bitumen not less 
than sixty-eight (68) per• cent shall be soluble in boiling Penn­
sylvania petroleu1n naphtha, boiling-point of 40° to 60° centi­
grade. All of the mineral rnattcr shall pass a 10 n1esh per linear 
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inc.:h sieve, and not less than 18 per cent shall pass a 100 mesh 
JH'l' linear inch sieve, while the remainder shall be gratluated 
bt•t\\'eC'n these lin1its. If rock asphalt hC' usrd the san1e shall be 
laid in accordance ,Yith Heetion 72. 

7-L In case of rC'pairs it :--hall be rC'quirrd that such rrpairs be 
niacle ,Yith a pavr1nrnt 1nixturC' equal to thr above described. 

75. ~o .-\sPH.\LT TO BE LAID IN \Y.ET \\·1~ATHER. No asphalt 
shall be laid dw·in~ ,vet , ... ealher, or unless the surface of the 
foundation is perfectly <lry. .A.ll n1aterials, as " 'ell as the plant 
a1Hl ,nethods of 1nanufacture, shall he subject at all ti,nc's to the 
inspection and approYal of th<' chief engineer of the Bureau of 
lliglnYays or of :-;uC'h cngin<'t'l' or insprctors as 1nay be in charge 
of the \York. 

76 .• \PPROACHI•:s. The rurbi:;tones, cross,valks, and gutters 
of thr adjoining paverncnts and all pa,,en1cnts abutting the ne,v 
"·ork :-;hall he readjusted and brought to the nc,Y grades and lines 
to the extent dccrncd nccPssary hy the engineer, and such r<'ad­
'ju:,{tn1ent of curb and paYcn1cnt shall include rcjointing, resetting, 
and relaying as hC'rcinbPforc pro,·icled, at the prices stipulated. 

77. CLE.\.RIXG l'P. 1.\ll surplus n1atcrials, earth, sand, rub­
bish, an, l ~tones, rxcept such Htoncs as arc rctaincci by order of 
the <'nginct'r, arP to be renloYed fron1 the line of the \\'ork, hlork 
by hlock, as rapidly as thr ,York progresses. 1~.ll n1aterial coYrr­
ing the paYC'n1cnt ancl sill<'"·alk~ shall he s"·ept into heaps and 
inuncdiatrly ren10Yrd fron1 the line of the ,York. 

78. l)uring the' prosecuting of the "·ork the contractor shall 
keep the f oot,Yay c h1an by s,Yceping. ,,11en 1naterial is remove< l 
the sidP\Yalk n1u:::-t be in111H'diatc,Iy s,Yept clean by the contractor, 
an<l ,Yhen public or local ineonYt'niencc is eausecl by dust th<' con­
tractor ~hall "·ater any pilt's or surf ace of Parth or the sicl('\Yalks, 
or paYcn1C'nt foundation during S\Y('cping \Yhrn antl ,vherc nc·cc:--­
sary or ,YheneYer required by the engineer to do so. The C'on­
tractor n1ust rcn10,·c all stains or deposits of bitun1en from sidc­
\Yalks antl adjoining pavernents. 
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THE CITY OF NEW y ORK, OFFICE OF THE PRESIDENT OF THE 

BOROUGH OF ~!ANHATTA."\', BUREAU OF HIGHWAYS. 

Specifications for Regulating, Grading, and Paving or Repaving with 
AsphaU-Block Pavement on a .. .... F<YUndation the Roadway 
of . ..... from . ..... to . ..... together with all lTr ork ln-
cwental thereto. 

1. ExTE:NT OF \VoRK. This shall consist of (1) taking up the 
necessary curb, bridgestone, and such portions of the pavement 
that may be required to be removed for the proper laying of the 
pavement; (2) excavating the necessary portions of the road\vay 
of subsoil, rock, or masonry where the same is above the proper 
subgrade or where the n1aterial underlying is not of proper char­
acter; (3) filling in depressions or openings in the roadway wher­
ever said depressions are below the grade aforesaid or have been 
caused by the removal of improper material; (4) laying concrete 
as a foundation, as has been designated; (5) resetting catch­
basins and resetting or furnishing and setting city manhole heads 
to grade; (6) furnishing and setting and redressing and resetting 
the necessary curbstones and heading stones, as required; (7) 
furnishing all the materials for, and laying an asphalt-block 
pavement in the roadway; (8) readjusting and relaying pave­
ment and resetting curbstones in the approaches of intersecting 
streets and avennes; all to be in accordance with the plan and 
profile of the said street, now on file in the Bureau of Highvvays, 
with workmanship and materials equalling in every respect the 
requirements of these specifications and the samples accepted. 

2. l\,faterial fw·nished and work done not in accordance "'ith 
these specifications, in the opinion of the engineer, shall be im­
mediately removed and so replaced or corrected as to be in ac­
cordance therewith. 

3. EsTil\1ATE OF QUANTITIES. The estimates of the engineer 
of the quantity and quality of the supplies required, and the 
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nature and the extent, as near as possible, of the work, are herein 
stated and set forth . 
. . . . . . . . . . . . . . . . square yards of asphalt-block pavement . 
. . . . . . . . . . . . . . . . cubic yards of concrete, including mortar bed . 
. . . . . . . . . . . . . . . . linear feet of new curbstone, furnished and set . 
. . . . . . . . . . . . . . . . linear feet of old curbstone redressed, rejoint-

ed, and reset . 
. . . . . . . . . . . . . . . . noiseless covers, complete, for water manholes, 

to be furnished and set . 
. . . . . . . . . . . . . . . . noiseless covers, complete, for sewer manholes, 

to be furnished and set. 
4. PERSONAL EXMrIINATION OF WORK. Bidders must satisfy 

themselves by personal examination of the location of the pro­
posed work, and by such other means as they may prefer, as to 
the accuracy of the foregoing statement, and they shall not, at any 
time after the submission of their bid, dispute or complain of such 
statement or estimate of the engineer, nor assert that there was 
any misunderstanding in regard to the nature or amount of the 
work to be done. 

5. WORK TO Co~IMENCE ONLY WHEN ORDERED ON. No work 
will be paid for which is done before the contractor is ordered to 

proceed. 
6. PROSECUTION OF WoRK. The work under this contract 

shall be prosecuted at and from as many different points, at such 
times and in sections of such length along the line of the work, and 
with such force as the president may, from time to time, during 
the progress of the work, determine, at each of which points in­
spectors may be placed to supervise the same. 

7. 11ATERIAL NOT TO OBSTRUCT TRAVEL. During suspensions 
all materials delivered upon, but not placed in the work, shall 
be neatly piled so as not to obstruct public travel, or shall be 
removed from the line of the work at the direction of the 
engineer, and unless the rnaterials be so removed by the 
contractor upon notice from the engineer, the materials may 
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be r emoved by the president and the expense thereof charged to 
the contractor. 

8. ENCUl\IBRANCES. The contractor shall ren1oye at his o,Yn 
expense, when directed by the engineer, any encurnbrances or 
obstructions on the line of the "'ork, located or placed there prior 
to or after its commencement. 

9. CONTRACTOR KOT TO DISTURB CITY l\loK1.,~1EKTS. The 
contractor shall not excavate around suc:h city monu1nents and 
bench-marks as n1ay come "rithin the limits of or be disturbed by 
the " 'ork herein conten1plated nearer than fiye (5) feet or in any 
n1anner disturb the san1e, but shall cease "·ork at such locations 
until the said monu1nents or marks have been referenced and 
reset or other"rise disposed of by the president. The necessary 
labor to re1nove, care for, and reset all such n1onur11ents and bench­
n1arks shall be furnished ,vithout charge therefor by the con­
tractor. 

10. l\IANHOLES, ETC., TO BE RESET. Such catch-basins, man­
hole frames and heads for sewers, ,vater pipes or other conduits 
belonging to the City on the line of the ,vork as 1nay be designated 
shall be reset to the ne"' grades and lines by the contractor "·ith­
out extra charge therefor; and they shall be brought to such 
grades with brick masonry of the sarne thickness as that originally 
used, laid in hydraulic cement mortar, and the cost thereof shall 
be included in the price bid for the contiguous paven1ent. 
Noiseless covers, complete, with interchangeable ventilating and 
non-ventilating fittings, for ,vater and sewer manholes, of the 
design approved by the engineer, shall be furnished and set 
when required, in the manner above designated, the cost of san1e 
to be included in the price bid per square yard for completed 
asphalt-block pavement. All other 1nanholes and boxes are to 
be reset to the proper grade, w1der the contractor's direction, by 
the companies owning the san1e. 

11. The grades of a ll manholes and boxes must conforn1 ab­
solutely to that of the pavement surrounding, and the contractor 
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shall supervise and see that all such resetting is substantially 
and accw·ately done in conformity v;rith the foregoing, whether 
such resetting shall be clone by his o,,;n men or by those fron1 
other companies, and he shall report in vYriting to the engineer 
any disinclination or negligence on the part of the latter to per­
forn1 their \York properly. 

12. The contractor ,vill be held strictly accountable for any 
Yariation or difference bctv;·een the grades of reset 1nanholes and 
boxes and that of the contiguous paven1ent, and any such differ­
ence' existing on the co1npletion of the ,vork, or occurring during 
the 1naiutrnancc period thereof, shall be corrected by the con­
tractor at his o,vn expense. 

l 3. 1'L.\.TERIALS TO BE REl\IOYED.-BLOCKS AND BRIDGE­
STU~ES 'l'O BE LoADED.-OLD CcRBSTONES. All old 1natcrials 
necessary to be removed in the preparation for paving, excepting 
1nanholr heads and boxes and the materials herein mentioned, 
shall be the property of the contractor, and shall be in1mecliately 
rrn10,·ecl by hin1 off the line of the v\'ork. Paving blocks that are 
to be used again shall be neatly piled, as hereinafter set forth, 
and such as are not so required, and all remoYed bridgestones, 
::ihall be loaclecl by the contractor into the carts or wagons of the 
I3urrau of Highways ancl shall ren1ain the property of the City. 
Old curbstones ,,;hich cannot be utilized in accordance ,,..ith the 
tcrn1s of these specifications shall become the property of the con­
tractor, to be disposed of by hi1n. 

14. 1'1.ATERL\.L TO BE l TSED AGAIN.-PRICE FOR PAYE.tvIEXT TO 
IxcLl'DE RE»-IOYAL.-Such other material "''hich is specially suit­
able for use in the '-''Ork shall be collected, piled, and utili1ed as 
directed by the engineer. All the work of removing an<l loacling 
old n1atcrial,as aboYe, shall be included in the price bid per square 
yard of paYen1ent. 

15. ExcAYATIO)I AND Fol~NDATION.-The pavement anu 
other materials necessary to be removed shall be taken up and 
disposed of, as required, and the roadivays excaYated of all sub-

17 
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soil or other matter, be it earth, rock, or other material, to a uni­
form subgrade seven and one-half (7½) inches below the top of the 
finished pavement, or to such other depth as the engineer 1nay 
require. No ploughing will be allowed within six (6) inches of 
such subgrade, except by permission of the engineer. 

16. SPONGY MATERIAL.-All spongy or objectionable matter 
disclosed by the excavations thus made shall be removed, and the 
space filled \\7th acceptable material, compacted by thorough 

. 
ramming. 

17. RoLLING.-UNSATISFACT0RY MATERIAL TO BE REr.1ovED. 
-vVhen required, the entire roadbed, after having been brought 
to the necessary subgrade, shall be rolled ,vith a steam roller 
until the surface is thoroughly compacted and the inaccessible 
portions shall be tamped, wetted, and tan1ped or rolled with a 
small roller and ,vetted, as may be directed. ~laterial not acl­
mitting of satisfactory rolling shall be removed, and such new 
material as may be necessary to replace the san1e or bring the 
pavement to the proper grade shall be supplied and placed by 
the contractor without extra compensation therefor. It shall 
be good, wholesome earth, free from foreign matter, and shall be 
placed in layers not more than six (6) inches in depth and rolled 
or rammed as above or as may be directed. 

18. ROADBED SHAPING.-Great care shall be exercised in 
shaping the roadbed to secure a uniform surface parallel to, and 
the required depth belo\v, the given grade and cro"rn, and the 
entire cost of such excavation and shaping shall be included in 
the price paid for paveinent. 

19. SAND BED.-On the roadbed thus prepared shal! be laid 
a concrete foundation of the n1aterials and thickness set forth in 
these specifications, and thereon shall be spread a layer of ce­
men t 1nortar to such a depth (in no case less than one-half[½] an 
inch) as n1ay be necessary to bring the surface of the pave1nent to 
the proper grade. 

20. DELIVERY OF MATERIAL AND INSPECTION .-The materials 
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for construction shall not be brought to or deposited on the 
street in quantities greater than is necessary for convenient "·ork­
ing, and shall be so deposited as to cause the least possible ob­
struction to streets and sidewalks, as may be determined by the 
engineer. All new material of every description shall be care­
fully inspected after it is brought on the streets, and all such not 
conforming in quality and dimensions to these specifications \.vill 
be rejected and must be immediately removed from off the line of 
the \Vork. 

21. AssISTANCE TO BE FURNISHED. The contractor shall 
furnish such laborers as may be necessary to aid the engineer in 
such examinations, and in case he shall neglect or refuse so to do, 
such laborers as may be necessary "'ill be cmploJed by the 
president and the expense therefor will be deducted from and 
paid out of any money then due or which n1ay thereafter become 
due to the said contractor under this agreement. 

22. PILING OF 1'1ATERIAL.-All old and such new material as 
has been approved, except sand and broken stone, shall be neatly 
piled by the contractor on the front half of the sicle,valk, on 
planks not less than one (1) inch thick if the same be flagged or 
other,vise improvrd, not within ten (10) feet of any fire hydrant 
and with sufficient passageways to permit of free access from the 
roadway to each and every house on the line of the work. 

23. Not until this has been done and the rejected materials re­
n1ovecl entirely fron1 the line of the work,each of ,vhich conditions 
must be faithfully fulfilled, will the contractor be permitted to 
proceed ,,rith the laying of the pavement. 

24. OLD CcnBSTONES THAT ~fAY BE RESET.-Old curbstones 
Vt'hich can be redressed to a top width of not less than four and 

1 one-half (4}) inches, are not less than sixteen (16) inches deep, 
and are of the quality hereafter specified, shall be redressed, re­
jointed, and reset as directed below. All friable granite curb­
stones shall be rejected. 

25. QUALITY,Dil\IENSIONS, AND DRESSING OF NEV{ CURBSTONE. 



260 HIGH"'AY EXGINEERING 

-New curbstones shall be hard, sound, fine-grained, and uniform 
colored bluestone, shall be free from sean1s and other imper­
fections, and shall be equal in quality to the best North-River 
bluestone. They shall be ...... inches in depth, fron1 thrrc and 
one-half (3½) to eight (8) feet in length, and not less than fi,·c (5) 
inches in thickness (except as noted for botton1 of cw·b), ,Yith 
square ends of the full average ,vidth. The face for a depth of 
.... inches and the top, on a bevel of one-half (½) an inch in 
its "iclth of five (5) inches, shall be dressed to a surface, \Yhich 
shall be out of "rind ancl shall have no depressions measuring 
n1ore than one-quarter (¼) of an inch fron1 a line or straight edge 
of the sa1ne length as the curbstone. The ren1ai11der of the face 
sh1:1,ll be free fron1 projections of 1nore than one-half (½) an inch, 
and the back for three (3) inches do"'11 fro1n the top shall ba,·e no 
proj ections greater than one-quarter (})of an inch n1easurec.l from 
a plane at right angles to the top. The botton1 of the curb shall 
be rough-squared \\ith a " ·idth of not less than thrcl" (3) inches. 

The sa1nple of the curbstones sho"·ing the dre~sing and the 
jointing required can be seen at the office of the chief engineer 
of the Bureau of Highways. 

26 . .Jo1xT1xG.-For the full "·idth of the stone for a distance 
do,Y11 the san1e as the above-n1entioned depth of dressed face 
fro1n the top,and thrre belo"· to the bottom for a \Yid th of t"vo (2) 
inches back fron1 thr face, the ends shall be squarely an<l eyenly 
jointed. In no case shall the ends of the curbstones abutting 
basin-heads be beYelled off or reduced in '\\'iclth, but recesses 
shall be neatly cut in such basin-heads "·ithout charge therefor, 
to give square, close joints or the full "·idth of the stones. 

27. SETTIXG.-Each curbstone shall be set truly to grade and 
line and on a face batter of one (1) inch in its depth, or vertically 
as shall be directed; it shall be fir1nly bedded and tamped, an<l 
the rear to the top back filled and ta1npe<l, \Yith clean, dry, gritty 
earth or coarse sand, free fron1 rock fragments, or as hereinafter 
n1ore particularly set forth, and the yertical face joints of all 
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curbstones shall be flush pointed fir1nly ,vith good mortar of one 
par_t of Portland cen1ent and t,vo of sand fro1n the top of the curb 
to the top of the foundation of the asphalt-block pavement. 

28. CORNER C1:RBSTONEs.-CurYec.l cw·b for corners shall be 
cut \Yith true radial joints and set accurately to a radius of six (6) 
feet in three (3) foot lengths, unless other,vise required. It shall 
be paid for as straight cw·b, and must co1nply in all respects with 
the aboYe requircrnents therefor. 

29. The cost of cxca,·ation necessary for cw·b-setting shall be 
included in the price paid per linear f oat of curb, and no com­
pensation therebeyoncl shall be 1nade or allowed. 

30. C~RB o~ CoNCRETE.-,,nen specified, the curbstone 
aforesaid shall be set on a concrete f ounclation and the price sub­
mitted per linear f oat for ne\v cw·bstone shall include the fur­
nishing of the stone and all the excavations necessary for the 
concrete foundation. 

31. CONCRETE BED FOR CuRBSTONE.-The concrete f ounda­
tion for cw·bstone shall not be less than six (6) inches thick and 
eighteen (18) inches in \Yi<lth and be of the n1aterials and pro­
portions hereinafter described except that the broken stone shall 
not be less than one-quarter (¼) nor more than one and one-half 
(1½) inch maxin1un1 dimensions; the cw·b to be i1n1nediately 
bedded on the centre thereof, ,vith a bearing for its full length 
as soon as the concrete is laicl, and it shall be at once backed 
up with concrete for a ,Yidth of six (6) inches, extending fron1 
the bottom bed to within four ( 4) inches of the top of the stone. 
The concrete so used Vi1ill be paid for at the general price bid per 
cubic yard for concrete. 

39. FRONT CoNCRETE.-Simultaneously with the backing up 
in the rear, the concrete in front of the curb shall be carried up, 
for the exposed "·idth of the bottom bed, to the eleYation of 
the bottom of the paving foundation, and so 1nuch of said paYing 
foundation itself as 1nay be necessary, for a "riclth not less than 
six (6) inches from the curb, shall be imn1e<liately laid to serve as 
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a support for the curbstones. ,Vhen set the corners of the curb 
at the top shall be a straight and true line, and the upper and face 
surfaces a plane surf ace. 

33. IN FRONT OF CONCRETE W ALKS.-, , Then curb is set in 
front of a n1onolithic, cement, or concrete side,valk, the space be­
tween the curb and sidewalk foundation shall be completely 
filled "rith concrete, similar to that on which cw·b is set, to "'ithin 
two (2) inches of the top ; the remaining space to be filled with 
Portland cement of the quality hereinafter specified, mixed with 
equal parts of crushed stone used for the " 'earing surf ace of such 
\Yalks. The concrete used for foundation and setting cw·bstones 
,vill be paid for by the cubic yard, the san1e as the price bid for 
concrete, and the dimensions "rill be based upon these herein­
bef ore stated. 

34. RE1\IOVAL OF FLAGSTONES.-ll10NOLITHIC , , rALKS.-BACK­

FILLING.-The front cow·se of flagstones when not oYer fow· ( 4) 
feet in width interfering with the work of cw·b-setting shall be 
picked up and be set back, and after the curb has been set and 
thoroughly backfilled they shall be fitted in their original posi­
tion and the cut edge be retrimmecl and rejointed to a true line to 
giYe a joint when possible, not more than one-half (½) an inch 
wide at the back of the curb and be so relaid to the new cw·b grade 
when such grade does not differ more than (5) inches from that 
originally CA'isting; the stone to be thoroughly bedded and the 
joints cemented as herein set forth. Stone of unusual size and 
those containing coal-hole openings, ventilation, or light castings 
shall in no case be clistw·bed, but the front edge shall be rejointed 
to line, as above in place. l\tionolithic vvalks shall be carefully 
cut off to a true line, five and one-half (5½) inches back of and 
parallel to the new curb-line, and for use in such locations curb­
stones shall be selected of as near as possible a uniform width 
throughout its depth that the foundation of the walk may not be 
unnecessarily damaged. The entire space bet\'.\'een back of curb 
and such ,val ks, or stones that are left in place ( except where 
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curbstones are to be set in concrete as above described), shall 
be backfilled with fine sand, free from gravel and stones, to within 
two (2) inches of the top of the curbstones, water being freely used 
to settle and compact the same. The remaining space shall be 
filled with Portland cement mixed with sand or stone as used for 
such walks, to be neatly trowelled to place, and the contact sur­
faces of stones and \\7alks shall be made clean and wet while filling 
and trowelling the said two (2) inches. 

35. Any damage done by the contractor to sidewalks in 
curb-setting, handling, or in the storage of materials shall be 
made good by him, at his own expense, as shall be directed by 
the engineer. 

36. NEW FLAGGING, QUALITY AND Dil\IENSIONS.- DRESSING 

OF FLAGSTONE.-N e"' flagging furnished to replace any broken 
shall be of bluestone of even color and best quality, and satis­
factory to the president, not less than three (3) inches thick, even 
on its face, free from seams, flaws, drill-holes, or discoloration, 
measuring not less than four ( 4) feet wide, and containing not 
less than twelve (12) superficial feet or of the same size as that 
broken, as shall be directed; the stones to be chisel-dressed, 
\\'ith sides parallel, on the four edges a distance do"'Il of one (1) 
inch from the top and at right angles thereto; except that, in 
sidewalks where stones of superior dimensions or quality are 
broken, the replaced stone rnust be in length and width not less 
than the old stone and be of the same quality of n1aterial. 

37. LA~G OF FLAGSTONE.-CLEARING UP.-All flagging to 
be relaid shall be firmly and evenly bedded to the grade and pitch 
required, on four ( 4) inches of steam ashes, clean, gritty earth or 
sand, free from clay or loam, and the work brought to an even 
surface, \vith all joints close and thoroughly filled (except around 
monuments and trees), for the full depth with cement mortar, 
composed of equal parts of the best Portland cement and clean 
sharp sand, and left clean on the surface, and all earth, debris, and 
surplus material shall be removed from each block and the side-
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,valks s,vept clean as soon as the work thereon has been com­
pleted. 

38. rlEADING SToxEs.-1'1herevcr the new pavement abuts 
paven1ent of a different character, and wherever directed to do 
so, the contractor shall put clo"rn bluestone heading stones at 
least three (3) feet long and one (1) foot deep and set \\11th full 
bearing on a bed of concrete nine (9) inches ,vicle and six (6) 
inches deep, of the quality hereinafter described. These head­
ing stones shall be of good, sound bluestone, free from lan1ination 
or scams. They shall be dressed square on top to a good sur­
f ace, free from irregularities, ancl to a U11iform width of not less 
than four and one-half (41) inches. The ends shall be joined 
square do\"\rn to give close joints,and the bottoms shall be nowhere 
less than three (3) inches \"\ride and be cut to give a full, squarC' 
bearing throughout, and the sides shall be f rce fron1 bunches. 
These stones shall be maintained by the contractor, and they ,vill 
be paid for as asphalt-block surface. 

39. S1zE OF BLocKs.-PnoroRTIONS OF l\IATERIALS.-The 
sizes of the blocks used must be five (5) inches \\7cle, three (3) 
inches deep, and twelve (12) inches long, and a variation of one­
quarter ( ¼) of an inch fron1 these din1ensions \\-i.lJ be sufficient 
grounll for rejecting any block. The blocks must be composed of 
crushed trap rock, pulverized carbonate of li1ne, and asphaltic 
ce,nent, mixed in the follov,ring proportions, by " 'eight, and no 
change from such proportions shall be made \"\rithout the pern1is­
sion of the engineer: 
Asphaltic cement . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 to 11 parts 
Crushed trap rock . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 to 7 4 parts 
Pulverized carbonate of lime . . . . . . . . . . . . . . . . . . 5 to 15 parts 

40. AsPHALTIC CEl\IENT.-The asphaltic cement shall be con1-
posed of refined asphalt and aliquicl asphalt or other suitable flux. 
The refined asphalt and flux shall be mixed in such proportion as 
will produce an asphaltic cement of a consistency and quality 
as approved by the engineer. 
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The refined asphalt shall be obtained by refining crude natural 
asphalt until the product is homogeneous and free from water. 
Asphalt obtained from the distillation of asphaltic oils will not 
be accepted. It must not be affected by the action of the water; 
must contain not less than ninety (90) per cent of bitumen 
soluble in carbon bisulphide, and of the bitumen thus soluble in 
carbon bisulphide not less than sixty-eight (68) per cent shall be 
soluble in boiling Pennsylvania petroleum naphtha (boiling­
point from 40 to 60 centigrade); or, if it does not contain sixty­
eight (68) per cent thus soluble in naphtha, but is satisfactory 
in other respects, the deficiency may be supplied by fluxing the 
refined asphalt with such a percentage of a viscous liquid as­
phalt, satisfactory to the engineer, as will bring it up to the re­
quired standard. The refined asphalt, the asphaltic cement, and 
the flux must each comply in all respects with the following tests: 

(a) Flash test not less than 300° Fahrenheit. (The flash test 
shall be taken in a New York State closed oil-tester.) 

(b) Fire test not less than 350° Falu·enheit. 
(c) No appreciable amount of light oils or matter volatile 

under 250° Fahrenheit. 
(cl) !\latter volatile at 350° Fahrenheit in 24 hours, less than 8 

per cent. (The test for " matter volatile at 350° Fahrenheit " 
shall be made '1rith approximately 50 gms. of oil, in an open, flat­
botto1n, cylindrical dish 2½ ins. in dian1eter and 1 ¾ ins. high. 
The thermometer shall be applied so as to register the tempera-
ture of the oil.) • 

( e) It shall be free from coke and any manner or form of 
adulteration. 

41. TESTING OF BLocKS.-The blocks furnished will be sub­
ject to the approval of the engineer,and shall withstand such tests 
for specific gravity, abrasion, tensile and crushing strength as he 
may prescribe. ,,'hatever the character of the asphalt used, the 
block shall yield, when extracted \vith bisulphide of carbon and 
after the evaporation of the solvent, not less than five and one-

... 
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half (5½) nor more than seven and one-half (7½) per cent of bitu­
minous matter, except when other percentages are specially per­
mitted by the engineer. 

The trap rock used in making the b10C.t{S must be entirely 
free from dirt and other impurities, and must be crushed so that 
every particle will pass a screen having holes one-quarter(¼) inch 
in diameter. The blocks must receive a compression in the 
moulds of not less than one hundred and twenty (120) tons upon 
each block; and must weigh not less than fifteen and one-half 
(15½) pounds per block. 

42. The engineer shall further have the right to make tests 
and examinations at the contractor's works of the materials pro­
posed to be used, and to reject any or all such materials as he 
may consider not to be in compliance with these specifications. 

43. lNSPECTION.-The blocks "·ill be carefully inspected after 
they are brought on the line of work, and all blocks which in 
quality and dimensions do not confor1n strictly to the require­
ments will be rejected and must be immediately removed from 
the line of " 'ork. 

44. CEtl'lENT.-The cement shall be of the best quality of 
American Portland, samples of which must be snbmittecl at 
least ten (10) days (holidays and Sundays excluded) before using, 
for the inspection and approval of the chief engineer, and no 
change from such approved brand shall thereafter be made with­
out the submission and approval of samples. It "·ill be required 
that the various deliveries shown by samples taken from the 
work during its continuance shall exhibit qualities equal or 
superior to those developeci by the samples submitted as afore­
said. 

45. QuALITY.-TENSILE STRENGTH.-All cements sh&.11 be 
freshly ground and of a uniforn1 quality, color, and weight, and 
briquettes of one (1) square inch section shall develop or exceed 
the following tensile strength: 
Neat, one hour air, twenty-three (23) hours in ,vater, 200 lbs.; 
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neat, one day air, six (6) days in water, 400 lbs.; neat, one day 
• 

air, twenty-seven (27) days in water, 480 lbs.; one of Portland.,. 
three (3) of sand, one day air, six (6) days water, 150 lbs. 

46. CONCRETE, PROPORTIONS OF lVIATERIALS.-TuE UNIT OF 
lVIEASURE.-The concrete shall be composed of one (1) part of 
cernent, three (3) parts of sand, and six (6) parts of broken stone, 
but should the proportion of voids in the stone be such that a 
greater or less quantity of stone be required to give satisfactory 
results, the amount of broken stone shall be increased or de­
creased to the extent directed by the engineer upon any particu­
lar piece of work. The unit of measw'e shall be the barrel of ce­
ment as packed by and received from the manufacturer. 

47. SAND AND BROKEN SToNE.-To BE STORED ON PLATFORM. 
-The sand shall be clean, coarse, and sharp, and be free from 
loam or dirt. The broken stone shall be of trap, granite, or lime­
stone, or such other stone taken from line of the work as shall 
be satisfactory in the judgment of the engineer. It shall be en­
tirely free from dust and dirt and be of graded sizes that will pass 
in any direction through a revolving circular screen having holes 
two and one-half (2½) inches in diameter, and be retained by a 
screen having holes one (1) inch in dian1cter. The sand and 
stone must be placed upon board platf orn1s and kept free from 
dirt, an<l the cement shall be properly blocked up and pro­
tected from dampness. 

48. SIZE OF BATCH.-MlxING.-UsE OF MixING MACHINE.­
Concrete, unless machinery be used, shall be mixed in batches, 
containing not 1nore than one (1) barrel of cement with the req­
uisite proportion of other material, on suitable tight platformsi 
not less than twelve (12) feet by twelve (12) feet in si7e. The ce­
n1ent and sand shall be thoroughly mixed dry after which the­
broken stone, having first been \.vetted, shall be added. The 
whole n1ass shall then be turned and worked by skilled laborers> 
until a resultant is obtained, with the stone uniformly distributed. 

• In shovelling, the material must be lifted clear of the board. If 
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a concrete 111ixing n1achinc be usc'd, the cen1ent and sand shall 
be n1ixPd as abov0 and precautions taken to ini=;urc the proper 
proportion of C'ach of the 1naterials, so that the resultant n1ixturc 
shall be uniforn1 in quality. 

49. LAYING.-(1ONCRETF, 8l:RFAC'E TO BE 8CABBLED.-Thc 

concrete shall be placed in position an<l there ran1n1ccl \Yith 
proper rammers until t horoughly co1upacted. The ,vhole opera­
tion of 1nixing and laying each batch n1ust be pPrf orn1cd as rx­
prditiously as possible', and in no case shall concrete be used Yfhich 
has been n1ixrcl more than one-quarter ( 1) of an hour. The 
concrete shall h<' protcctr<l frorn the \\·rather until set, ancl should 
it at any tin1r he considered by the engineer to be poorly n1ixed or 
not to be, srtting properly, such portions Hhall be· taken up and 
rrplaced ,vith satisfactory n1atrrial. Sufficient tin1e, of \Yhich 
the <'nginc'cr shall he the judge, :;hall hr allo,Ycd for the concrete 
to sc't before thr pavernC'nt is laid thcrPon. 11rfor<· laying con­
cretr lo connect ,vith, r('sl upon, or oYerlap any concr(~tr pr<',,ious­
ly laid, the entire surfacr of contact of th<' lattrr shall be s,Ycpt 
and \\'a.qhcd clean of a ll dirt an<l n1ortar particles and, ,,,-hrn 
<lccmcd nC'cessary, shall be satisfactorily scabhlC'd. 

50. No THAFFlC ON CoNC'RE'l'E.-No hor:-;cs, ca.rtmg, or ,,,.heel­
ing shall he allo,vetl on thr concrete until the sarnc has thoroughly 
f.ei, and then only on planks furnished and laid by the contractor. 
By car tracks the contractor shall pro,·idc n1en to pass cars there-

over. 
51. Tu1CKKESS AND T1,:sTING.-'1'hr concrete foundation shall 

hr four and one-half ( 41) inches thick, including a n1ortar top 
surf acr of one-half ( !) inch in thickness, the concrrte proper being 
four ( 4) inches thick and shall \,Vithstand such tests as the engi­
neer 1nay clcPnl nrc<'ssary, and the contractor shall furnish surh 
san1plcs as n1ay he required for thr purpose. 

52. On the concrete surf ace, af tcr the san1c has brcn s\vcpt 
and 1nade "vet, shall he spread a layer of cc,ncnt 1nortar to such 
thickness that ,vhen struck to a surface thrPe (~~) inches belo,v and 
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rxartly parallel to the grade of the completed pavcznent its depth 
shall he no\Yhrre less than one-half ( ~) an inch. The mortar 
shall consist of one (1) part of slo\v-srtting Portland cement, of an 
approYcd quality, n1ixed ,Yiih four (4) parts of clean, sharp sand, 
free fron1 graYcl, oYer onr-quartrr (1) of an inch in diameter, and 
it shall be spread and surfaced as follows: 

5:3. On the surface of the concrete shall be set strips of wood 
four ( 4) inches ,vidc by one-quarter ( 1> inch thick, or strips of 
steel four (4) inches "·itlc by not less than one-eighth (1) inch 
thiC'k, ancl of thP greatest length convenient for handling. These 
strip:-; shall hP car<'fully set parallel and about eight (8) or ten 
(10) fc-Pt apart, running froin curb to CU! b, and be e1nbedded in 
tllortar throughout thc•ir length so that the top surface shall be 
t hrc-r inches bclo,v and parallc•l to thr grade of the finished pave­
n1ent. Thr space between t,vo strips having been fillrd \\1ith 
111ortar, a true and eYrn top surface shall be struck by using an 
iron:-:hod straight P<lgc on the strips as a guide, and as soon as the 
bed hn.....; been struck the strip \Yhich ,voulcl intczfrrr \\'ith laying 
the block :-.hal1 be ren10Ycd and it::- place carefully filled \vith mor­
tar \Yith a tro,Yel. 

54. If the ,vidth of the roac.hvay be such that the laying of 
blocks on a con1plete section cannot be con1plc>tcc.l bcf ore the 
1nortar takes its initial srt, the strips rnay be placetl parallel 
to th<• curb, and trrnplates cut to the curYe of the desired cro,vn 
~hall he· usc.•tl on these strips to strike the bed . 

.5,5. 8AXD BEo.-On this znortar surface, spread ancl smoothed 
a~ ahoY<' to the proper rro"-n antl grade, the blocks are to be laid 
\Yith close joints and unifor1n top surface, in courses at right 
angle•~ to the line of the strrrl, except in anJ bet'\\·ecn car tracks, 
in intersections, and in other special ca~es, when they shall be 
laid diagonally, as shall be tlirrctccl. 

,56. CrTTIXG C'LOSl'RF.s.-~othing but "'holr blocks shall be 
used except 111 starting a c·our~c.' or in such other casC>s as :shall be 
specially pcrrnitted by thr cnginc•er, and in no CU!-,<' shall less than 
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one-third of a block be used in breaking joints. Closures shall 
be carefully cut and trimmed by experienced men, the port.ion of 
the block to be used to be free from check or fracture and the 
~ut end to have a surface normal to the top of the block and be 
cut at the proper angle to give a close, tight joint. 

57. LA YING.-Each course of blocks shall be of uniform width 
and depth, with all joints close and the end joints broken by a 
lap of at least four ( 4) inches, and, " 'bile laying, the pavers must 
stand on those already laid. Any lack of uniformity in the sur­
face or unevenness in the blocks must be i1nmediately corrected 
,by taking up and relaying the blocks, and blocks fractured or 
broken shall be replaced with perfect ones before any sand is 
iSpreacl over the sw·f ace. 

58. SAND JOINTS AND CovERING.-When laid, the blocks shall 
be covered with clean, fine sand, entirely free from loam or earthy 
n1atter, perfectly dry and screened through a sieve having not 
less than twenty (20) meshes per linear inch, the sand to be swept 
and brushed into the joints and left on the surface until such 
time when, if required by the engineer, the pavement shall be 
swept clean for final inspection and any defects then noted shall 
be remedied. 

59. READJUSTING OF ADJOINING PAVEl\fENT.-The curbstones 
and gutters of the adjoining pavements, and all pavements abut­
ting the new work, shall be readjusted and brought to the new 
grades and lines to the extent deemed necessary by the engineer, 
and such readjustment of cw·b and pavement shall include 
rejoin ting, resetting, and relaying as herein provided, all without 
charge therefor. 

60. In readjusting such abutting pavements, all imperfect 
stones shall be discarded and only those of regular shape used, 
and before the old pavement of the street being paved shall have 
been removed the contractor shall select therefrom enough per­
fect stones, and preserve the same till needed, to make up any 
deficiencies. On the contractor's failure so to do, he shall pro-
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vide such extra necessary stones at his own expense and to the 
satisfaction of the engineer. 

61. The stones shall be laid in straight and regular courses, 
with close end joints broken by a lap of at least three inches. 
The joints between courses shall be close except when gravel fill­
ing is to be used, and the courses shall be carried parallel to the 
existing courses; any differences in alignment between such 
courses and the header shall be corrected at the header by neatly 
trimming the blocks. None but stones of the same width shall 
be used in the same course except where trimming is necessary. 

62. All stones shall be relaid on a full bed of sand and be 
thoroughly rammed to a firm unyielding bearing and to a uniform 
surface, the joints to be brushed full of sand. 

63. When the pavement is to be relaid on a concrete founda­
tion with joint filling, such foundation, if required by the engi­
neer, shall be removed and relaid, or be added to with concrete as 
may be necessary; all other detail to be in accordance with the 
cwTent specifications for similar work in . use in the Bureau of 
Highways. 

64. REMOVAL OF SURPLUS MATERIALS, RUBBISH, ETC.-All 
surplus materials, earth, sand, rubbish, and stones are to be re­
moved from the line of the work, block by block, as rapidly as 
the work progresses; all material covering the pavement and side­
walks shall be swept into heaps and immediately removed from 
the line of the work; and unless this be done by the contractor 
within forty-eight how·s after being notified so to do, by a 
written notice to be served upon the contractor, either personally 
or by leaving it at his residence or with any of his agents on the 
work, to the satisfaction of the president, the same shall be re­
moved by the said president and the amount of the expense there­
of shall be deducted out of any moneys due or to grow due to the 
contractor under this agreement. 

65. SWEEPING AND SPRINKLING.-At all times during the 
prosecution of the work, such materials as may be placed on the 
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sidewalk shall be piled in the manner heretofore set forth, and 
the contractor shall keep the footway clean by sweeping. \\nen 
such material is removed, the sidewalk must be immediately 
swept clean by the contractor, and when public or local incon­
venience is caused by dust, the contractor shall ,Yater any piles 
or surfaces of earth or the side'\\ralks or pavement foundation 
during sweeping, when and where necessary or whenever required 
by the engineer so to do. 

66. PATENTED ARTICLES.-That whenever or ,Yherever an 
article or any class of materials is specified by the name of any 
particular patentee, manufactw·er, or dealer, or by reference to 
the catalogue of any such manufacturer or dealer, it shall be taken 
as intending to mean and specify the article or materials de­
scribed, or any other equal thereto in quality, firush, and dw·a­
bility, and equally as serviceable for the purposes for ,vhich it is 
(they are) intended. Nothing in these specifications shall be in­
terpreted or taken to violate the pro·visions of section 1554 of the 
Greater New York Charter, ,vhich provides that " except for re­
pairs no patented pavement shall be laid and no patented article 
shall be advertised for, contracted for, or purchased, except under 
such circumstances that there can be a fair and reasonable op­
portunity for competition, the conditions to secw·e which shall be 
prescribed by the Board of Estimate and Apportionment." 
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CHAPTER X 

MODERN WOODEN PAVEMENTS 

DEFINITION. Such a term implies one in ,vhich the surfacing 
material consists of wooden blocks, of approved form, ,vhich n1ay 
or may not have been impregnated with some preservative to 
prevent decay and expansion, laid upon a suitable foundation. 

HISTORY. Wooden pavements are by no means a new de­
parture either in this country or abroad, for in Europe they have 
been kno\vn for several hundred years, having been fh·st laid in 
Russia in the form of hexagonal blocks, v.rhile in the United 
States they have been e1nployed during the past seventy years, 
first being laid in New York C'ity about 1835. 

In Europe they have given unquestionable satisfaction, so 
that both London and Paris are quite predisposed in their favor. 
The former city began the use of wooden-block pavements about 
1839, but with little success as the soft wood, inferior quality of 
the same, poor foundation, and general lack of knowledge 
regarding construction produced a covering that was quickly 
disrupted. 

In the light of experience, however, and with the use of hard 
woods carefully cut and laid on a concrete base, better results 
have been obtained. That such pavements may be satisfactorily 
employed under the severest conditions of traffic is instanced in 
that on the very busiest thoroughfares of both London and 
Paris, such as the Strand and the A venue de l'Opera, v.rooden 
blocks are selected in preference to all others. 

J'he reason for the marked success of wooden block abroad, as 
compared with the lack of it in this country, is that there very 

18 273 
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much more attention is given to the selection and treatment of 
the material used, to the foundation, to the joints, and to the 
maintenance of the pavement after it is laid. Heretofore, in 
the United States, green wood has been frequently used, laid 
upon an improper or poorly constructed foundation, with a 
joint filling, failing in its purpose to keep out the moisture, and 
with too little or no regard for maintenance. Besides this, the 
many and great advantages of brick pavements have tended to 
reduce the demand for wooden blocks. The present practice, 
however, indicates that better results are being obtained; due, 
unquestionably, to a marked improvement of laying, and also to 
an increasing regard for the fundamental principles underlying 
maintenance. 

ADVANTAGES. It would seem from a careful examination 
that the advantages in favor of wood pavements far outweigh 
the disadvantages. The former may be stated as follows: 

1. Smooth. 
2. Low in tractive resistance, requiring much less effort to 

haul a unit load than over a granite-block pavement, and only a 
little more than that required on asphalt. 

3. Noiseless, so that wooden block has been popularly termed 
"the silent pavement." In this respect wood is superior to 
asphalt in that horses' hoofs do not resound upon it, and it 1nay 
be said to have " the effect of a carpet of tan bark as corn­
pared with pavements of stone." For this reason it is particular­
ly desirable in the vicinity of hospitals, schools, churches, and 
other places where noise may not be tolerated. 

4. It affords an excellent foothold on grades less than about 
f ow· per cent, and has been used on grades greatly in excess of 
this, where the traffic was heavy. It is true that under certain 
\,·eather conditions the pavement becomes slippery, but hardly 
to a greater degree than asphalt. 

5. It is clean, sanitary, easily cleaned, creates no mud, nor 
does it pulveriie, as asphalt, into a fine dust. 
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6. It is suited to all kinds of traffic, from the lightest to the 
heaviest. 

7. It is durable, lasting longer than any other pavement but 
granite block. For example, in Boston, such a pavement, laid 
on Tremont Street, where the traffic is heavy, shows after seYen 
years of continuous service a compression or wear of the blocks 
to the extent of only three-sixteenths inch. Such ,vear is due to 
horses' hoofs as much as to· the action of ,vagon wheels, and the 
former increases very materially vvith increase in grade. ~ 7ide 
joints also promote wear, as then the fibres of the blocks more 
easily spread or broom. 

8. The pavement is easily maintained and presents no dif­
ficulties, when access is desired, either in the removal of the blocks 
or the replacement of the same. 

D1sAnv ANTAGES. The principal disadvantages seem to be: 
I. Cost; this factor rising to $3.00 per square yard, including 

the concrete foundation. 

2. It is said to be hard to clean compared with asphalt. 
3. In wet weather it is slippery. 
These statements are only relative, for while it may be harder 

to clean a wooden-block pavement than asphalt, on the other 
hand it is very much less difficult than granite or stone block. It 
may be said also that though wooden block becomes slippery dur­
ing rainy weather, this condition may be counteracted some­
\Yhat by the application of sand to the sw·face. Objections, too, 
have been raised on the ground that it is unsanitary as the wood 
is porous and the joints not always watertight. The porosity 
permits of absorption, while the joints allow the moisture to sink 
beneath the surface, there to deposit as a thick slimy liquid with 
a strong ammoniacal odor, which is both annoying and unhealth­
ful. That such conditions need not exist is proven by the fact 
that in London after thirty years' experience complaints of this 
nature had never been received. 

,vithin the past few years the popularity of wooden-block 
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pavements has greatly increased in the "Cnitecl States so that in 
1906 I ndianapolis, New York, l\iinneapolis, Toledo, and Boston 
alone had over 1,400,000 square yards of such paYements laid. 

\,1\Toon UsED. At present the \voods n1ost con1n1only used in 
the United States are Long-leaf Yello"r Pine, Southern Black 
Gum, Norway Pine, Tamarac, ,f ashington Fir, and Cedar. 

In England, however, both the hard and soft yarieties are 
employed, the former including principally those fron1 -n~est 
Australia, Jarrah and Karri, and the latter, Baltic Red"·ood and 

Yellow Deal. 
The choice between hard and soft woods depends chiefly upon 

the local conditions, as any wood which is sound, "·ell seasoned, 
free from sap, shakes, and knots, close-grained, and uniform in 
quality, whether hard or soft, is satisfactory. 

Hard woods, being closer grained, absorb less n1oisture an.cl 
are t herefore more sanitary, besides which they "'ear longer, and 
are usually laid without being treated with a "·oocl preservatiYe 
as the latter can enter to only a small degree. , . ery hard "·oo<ls 
such as Oak are, ho" 'ever, slippery, do not give as good a foot­

hold, and do not '\>Year as evenly. 
Soft "·oods are laid both with and "-ithout treat1nent, but 

under the latter circun1stances they are neYer so satisfactory un­
less the extremely rapid " rear precludes the aclYisability of using 
a preservative. \i\7ithout impregnation, soft-\Yoocl blocks absorb 
moisture, are unsanitary, and quickly broom. 

Dou GLAS FrR OR OREGON P rNE is the 1nost satisfactory wood 
that may be selected because it is so extremely unif orn1 and 
homogeneous in character. I n consequence of this one charac­
teristic, it wears uniformly and, while not so hard and tough as 
Long-leaf Yellov;r Pine or Black Gun1, giYes a much superior pave­
ment. It is not so ,;rell suited to streets "·here the very heaviest 
traffic is, but under generally norn1al conditions it is the best that 
may be employed. East of the Mississippi River, ho"·ever, its 

cost is prohjbitive. 
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LONG-LEAF YELLOW PINE is the wood most frequently used, 
but as it is becoming 1nore and more scarce and expensive, sub­
stitutes are being sought for in its stead. 

So-c;THERN BLACK G1;l\1 has been satisfactorily employed in 
Boston, but not long enough to definitely determine its qualities. 
The ,vood in itself is cheaper than Yellow Pine, and there is less 
waste to it in cutting, shipping, and handling, but it is heaYier, 
costing more for transportation, takes longer to dry, and re­
quires a larger quantity of preservative per cubic foot than Yellow 

Pinc. 
CEDAR has been extensively used in Chicago, where it is laid 

in the form of round blocks; but the present-day tendency is not 
toward either that shape or sort of wood. 

NORWAY P1KE and TA.1"1ARAC are also employed, but not to 
the same extent as the others. 

The only question as to the superiority of one wood over an­
other, provided a preservative has been applied, is that of 
dw·ability. "The probability is that the treated woods are 
equally good as thr untreated provided the traffic does not pass 
the limit of dw·ability." 

" I t would seem that for each class of timber there is a con­
dition of traffic beyond which it should not be subjected." For 
the heaviest the more durable woods arc required, such as long­
leaf yellow pine an<.l black gum; where the traffic is not of the 
heaviest, ,Yoocls as soft as Norway Pine may be used, and where 
it is light, almost any wood may be used that will not decay. 

FoRl\IS OF BLOCK. The forms of block used are numerous anJ. 
various, differing n1aterially both in shape and size. The shapes 
include round, sq ua1·e, rectangular, oblique, hexagonal, octago­
nal, and n1any other interlocking forms, but present tendencies 
favor one that is rectangular, as it is superior in many ways. 
In Ew·ope rectangular hlocks are used almost without exception. 

The dimensions depend upon the same factors that goYern 
the size of granite blocks, ancl are usually found to lie between the 
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following valueB: width, 3 to 4 ins.; depth, 4 to 6 ins.; length, 
9 to 12 ins. The width is influenced by the size of a horse's 
hoof, the depth by the most economical ,,alue that may be 
used to secure a maximum amount of wear before renewal, 
leaving a minimum thickness to be discarded, and the length 
upon the fact that blocks too long"split readily. 

As blocks wear down 2 or 3 ins., they become rough and must 
be replaced by others, in consequence of which a thickness of 6 
ins. is never exceeded and seldom reached, as it involves too 
great a waste of material. 

Uniformity in the size and shape of the block is essential to 
insure parallel faces, narrow joints, and regularity in the breaking 
of joints; to secure this, the wood is carefully cut by n1achlnery 
and inspected rigidly to eliminate faulty material. 

CHE!vIICAL TREATMENT 

While it is true that in the early practice untreated blocks 
,vere laid only, present specifications usually require that the wood 
shall have been impregnated ~ith some preservative fluid. The 
pw·pose of this is that the pores may be filled by the liquid or 
solution, preventing the absorption of moisture and air and thus 
decay, and also to prevent change in size. 

This is the principal difference between old and new forms of 
wooden pavement. 

If the wood is prevented from decaying, then the life may be 
said to depend upon the durability of the material itself, all other 
things being equal. 

Many methods have been employed for the preservation of 
~rood, but those more generally used are: kyanizing, using a 
solution of corrosive sublimate; burnettizing, in which zinc 
chloride is employed; and creosoting, in which creosote usually 
with son1e other ingredient is impregnated. The two latter 
are the ones most generally used; and of these, creosoting is 
the best. 
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LAYING THE PAVEMENT 

FOUNDATION. During the past, various foundations have 
been tried in the United States, and usually with not too satis­
factory results. This may be partially explained by the fact 
that in early days, when lumber was more plentiful and cheaper, 
and the blocks were untreated, the pavement was not always 
carefully designed and laid, nor had practice developed the 
standards of excellence that exist t.o-day. 

"\Vooden blocks have been laid directly upon the natural soil, 
on one or two layers of plank resting upon the ground or a layer 
of sand, and upon a concrete base. In all but the last the pave­
ments \Vear out quickly, and far from demonstrate the possibili­
ties that exist in wood. 

It is claimed that, laid upon a well-prepared foundation of the 
natural soil, a wooden-block surfacing is cheap; but, on the other 
hand, its life is short as the blocks quickly decay and the pave­
ment soon needs mending. 

Where planks are used resting upon a coat of sand, it is cus­
tomary to place 1 to 2 in. by 10 to 12 in. stringers longitudinally 
on the soil along the street, spaced 8 to 10 ft. centre to centre, and 
on top of these, transversely, with close joints, planks of ap­
proximately the same dimensions. The ends of the latter rest 
upon the stringers, and are supported between by the sand in 
which the stringers are embedded. Such an arrangement dis­
tributes the pressure and gives a pavement that has been found 
to be satisfactory in Chicago, where they are extensively used. 

Concrete forms, undoubtedly, the best foundation of all. It 
is laid to a depth of 4 to 6 ins., depending upon the nature of the 
traffic and the subsoil. Over the concrete is placed a cushion 
coat of sand½ to 1 in. deep, or a thin layer of neat cement or grout 
for the purpose of taking up all irregularities and of insuring an 
even-bearing surf ace for the blocks. 

The blocks themselves are always placed with the fibre verti-
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cal to prevent splitting, and "\\-ith the long edge perpendicular to 
the axis of the street. 

JOINTS should be made as small as possible since wide ones 
cause the fibres to spread. This applies n1ore particularly to 
streets ,vith grades less than 3 per cent, as above that open joints, 
¼ to ¾ in., are frequently laid to afford a foothold. '\\'hen the 
blocks are placed close together, with small joints, the filling used 
is either fine hot sand, Portland-cement grout, or hot paving 
cement. Sometimes the joint filling consists of a bituminous ce­
ment for a depth of 2 ins., while on top of this is placed cement 
grout in the proportions of 1 of cement to 3 of sand. ,,'here soft 
woods are used, the surface may be flushed ,vith hot tar which is 
brushed into the joints, v;hile with hard woods one end and one 
side may be clipped into a hot paving-pitch composition with the 
material adhering, forming the joints. 

Where bitumen is used in close joints, it allo"'·s for the ex­
pansion of the blocks, permits the street being thTo"rn open for 
traffic, ancl gives a more even sw·face, because it prevents the 
fibres from spreading. 

Portland-cement joints, on the other hand, require a space of 
¼ in. between blocks, do not take up expansion, n1ake the pave­
ment noisy, develop a corduroy effect, and under heavy loads "vill 
split, permitting moisture to get at the foundation, besides re­
quiring fron1 5 to 10 days to set, during ,vhich time traffic is ex­
cluded. ,,ride joints run transversely across the street and are 
filled with Portland cement, and paving cement "-ith gravel or 
sand. 

When a cement grout is used, the ¼ to i in. joints are secw·ed 
by laying laths 1 in. deep and of required thickness on the foun­
dation bet"'·een successive rov.rs of blocks The composition of 
the bitumen used in joints is 100 lbs. of pitch to I i gals. of oil. 

The disadvantage of wide joints is that they retain the dirt, 
increase the cost of cleaning, and are noisy. 

EXPANSION JOINTS. To prevent heaving and to allov.1 for the 
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natural change in volume produced in either soft or hard ,voods, 
whether treated or untreated, \\·hen exposed to the varying con­
ditions of atmosphere, expansion joints are left next each cw·b 
as in asphalt-block or brick pave1nents. Such joints vary in 
,vidth, depending upon the nature of the woods, and \Yhether the 
blocks have been impregnated or not. They consist of a layer of 
sand placed between the blocl::s and the curb "'hich is covered 
over ,vith cement grout to prevent moistw·e from getting at the 
foundation. v\nen the blocks have expanded as much as they 
arc likely to, the grout and sand are removed and the space 
filled \\ith cement grout or other material. 

Untreated blocks "ill expand at the rate of about 5 times that 
of treated blocks, so that if in a pavement 30 ft. wide, 2 ins. at 
each curb should be left for expansion with treated blocks, and 
10 ins. with untreated blocks. Creosoting tends to prevent this 
expansion, though about 1 in. for every 8 ft. in "7idth is allowed 
even \"\ith such treatment. 

GRADE. The best practice would seem to indicate that, as 
usually laid, a grade of from 3 per cent to 4 per cent should not be 
exceeded, though blocks have been used in London on grades as 
steep as 1 in 14 or 7-} per cent and in 12 or 8¼ per cent. 

Aside from tractive force, grade is an important factor in that 
\"\ret vveathcr causes the pavement to become slippery, offering 
a poor foothold, and requiring the use of sand. The frequency 
\vith which it must be scattered increases with the grade and is an 
additional expense in the ite1n of maintenance. 

On grades exceeding five per cent the blocks should be 
grooved or laid with "'ide joints which are filled with asphaltic 
cement and gravel, sand or cement grout as shown. 

The transverse contour should conform in outline to the arc 
of a circle or parabola, and should drop from centre to sides an 
amount equal to one-eightieth to one-hundredth, the total width 
of wheelway. 

CAUSES OF FAILURE. The chief causes of failure arc a poor 
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foundation, difficulty in preventing the water from getting into 
the foundation at the curb, or leaking through the joints, and the 
splitting of the blocks. 

To offset this, the foundation should be unyield,ing and im­
pervious, the ·timber should be sound, well seasoned, and non­
absorptive in character, and finally the joint filling should 
prevent moisture getting at the f oun<lation. 

VALUE OF PRESERVED ,,100D FOR PAVE1\1ENT2. In1pregnated 
woods should be used only when the pavement wears out slowly, 
as the preservative protects wood from decay. If wear is rapid, 
then the wood wears out before it begins to decay, and it is there­
fore unnecessary to treat the block unless such treatment of the 
block adds to the strength and life of the pavement. Soft-wood 
pavements last 6 to 7 years, while hard-wood pavements, 10 to 
12 years. Soft wood is more expensive to repair, though it is 
chC;aper in its first cost. 

Complete Specifications follow: 

THE CITY OF NEW YoRK, OFFICE OF THE PRESIDEN'r OF THE 
BOROUGH OF MANHATTAN, BUREAU OF HIGHWAYS. 

Specifications for Regulating, Grading, and Paving or Repaving 
with T-Vood-Block Pavement on a Concrete Foundation the 
Roadway of . . . . from . . . . to . . . . . . together with the 
ivork incidental thereto. 

1. EXTENT OF WoRK.-This shall consist of (l) taking up the 
necessary curb, briclgestone, and such portions of the paven1ent 
that may be required to be removed for the proper laying of the 
pavement; (2) excavating the necessary portions of the road,Yay 
of subsoil, rock, or masonry where the same is above the proper 
subgrade or where the material underlying is not of proper char­
acter; (3) filling in depressions or openings in the road,Yay Vi·her­
ever said depressions are below the grade aforesaid or have been 
caused by the removal of improper material; (4) laying concrete 
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as a foundation, as has been <lesignated; (5) resetting catch-basins 
and resetting or fw,nishing and setting city manhole heads to grade; 
(6) fw·nishing and setting and redressing and resetting the neces­
sary curbstones and heading stones as required; (7) furnishing 
all the materials for and laying a \vood-block pavement in the 
roadway; (8) readjusting and relaying pavement and resetting 
cw·bstones in the approaches of intersecting streets and avenues; 
all to be in accordance with the plan and profile of the said street, 
no\Y on file in the Bureau of Highways, with workmanship and 
materials equalling in every respect the requirements of these 
specifications and the samples accepted. 

2. Material furnished and \York done not in accordance "rith 
these specifications, in the opinion of the engineer, shall be im­
mediately removed and so replaced or corrected as to be in ac­
cordance thcre'\\rith. 

3. Es·ril\,JATE OF QuANTITIES.-The estimates of the engineer 
of the quantity and quality of the supplies required, and the na­
tw·e and the extent, as near as possible. of the v\70rk, are herein 
stated and set forth . 
. . . . . . . . . . . . . . . . square yards of wood-block pavement . 
. . . . . . . . . . . . . . . . cubic yards of concrete, including n1ortar bed . 
. . . . . . . . . . . . . . . . linear feet of new curbstone, furnished and set . 
. . . . . . . . . . . . . . . . lincarfeetof old curbstone redressed, rejointec.l, 

and reset . 
. . . . . . . . . . . . . . . . noiseless covers, cornplete for water manholes, 

to be f wnished and set . 
. . . . . . . . . . . . . . . . noiseless covers, complete, for sewer manholes, 

to be f urnishecl and set . 
. . . . . . . . . . . . . . . . square yards of old stone blocks to be pw·­

chasecl by contractor and removed. 
4. PERSONAL EXA1\,1INATION OF vVonK.-Bidders must satisfy 

themselves by personal examination of the location of the pro­
posed work, and by such other means as they may pref er, as to 
the accuracy of the foregoing statement, and they shall not, at 
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any tirnc after the ~ub1nission of their bid, dif-pute or complain of 
such :--tate1ncnt or estin1atP of the engineer, nor assert that 
t hrrt ,Yas any n1isundcrstanding in regard to the nature or 
an1ount of the· \\'Ork to be' done. 

5. ,,·oRh. 'ro Co~Il\IEXCE Oi\LY ,,.HEX ORDERED ON'.-No \York 
\Yill be paid for \Yhich is tlonc before the contractor is ordrrecl to 
proceC'd. 

6. PRosEcrrrrox OF ,, -oRK.-The ,York under this contract 
::-hall be prosc'cutc·tl at and fro1n as 111~.ny tliff ercnt point~, at such 
tin1es, and in sections of such length along the line of the '\\'ork 
and ,Yith such force as the prcsidcn t n1ay I fro1n tirnc to tin1r1 dur­
ing the progress of the ,vork, clctcrn1inc, at each of which points 
inspectors 1nay be placed to supervise the sa111c. 

7. i IATRRL\L xoT TO OBSTRUCT TR.\YEL.-During suspen­
sions all n1atcrials tl<·li,·ercd upon, but not placed in the \York 
shall be neatly piled so as not to obstruct public traYcl1 or shall be 
rc1n0Yecl fro111 tbP lint> of the \York al the direction of the engineer, 
and w1lPss the 1natcriah, be so re1n0Yed by thr contractor upon 
notice fron1 the engin0er, the n1atC'rials n1ay be rcn10Ycd by the 
president and the expensC' thcr<'of charged to the contractor. 

8. ENCP1JBRANCEs.-Thc contractor shall ren10Yc at his o,-rn 
c,pensC', "·hen directrd by the <'nginecr, any cncun1branccs or 
obstructio11s on the line of lhe "·ork, located or placed there prior 
to or af trr its con1n1c11crn1ent. 

9. CoNTRACTOR NOT To D1sTrRB CITY 1'IoKUl\JENTs.-Thc 
contractor shall not cxcaYate around such city rnonun1ents and 

w 

bench-1narks as n1ay con1r \Yi thin the lin1its of, or be disturbed by 
the \York herein contcn1plated nearer than fiyc (5) fret or in any 
n1nnner disturb the san1c, but shall cease \York at such locations 
until the said n1onun1ents or 1narks ha.Ye been referenced and 
reset or othcr,Yi::--c disposed of by the president. The nccrssary 
labor to rrn10YC', rare for, and rcs<'t aJlsueh n1onurnents a1Hl bench-
1narks shall uc furnished \vithout charge thcref or by the con­
tractor. 
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10. lvlANHOLES, ETC., TO BE RESE'l'.-Such catch-basins, man­
hole frames and heads for sevvcrs, ,vaterpiµcs or other conduits 
belonging to the City on the line of the ,vork as may be designated 
shall be reset to the new grades and lines by the contractor with­
out extra charge therefor; a.ncl they shall be brought to such 
grades "rith brick masonry of the san1e thiclmess as that originally 
used, laid in hydraulic cen1ent mortar and the cost thereof shall 
be included in the price bid for the contiguous pavement. Noise­
less covers, con1pletc, ,vith interchangeable Yentilating and non­
Yentilating fittings, for vYatcr and se,-ver manholes, of the design 

· approved by the engineer, shall be f urnishe<l and set ~' hen re­
quired, in the manner above designated. All other manholes and 
boxes are to be reset to the proper grade, under the contractor's 
direction, by the companies o~rning the same. 

11. The grades of all manholes and boxes must conform ab­
solutely to that of the pavement sw-rounding, and the contractor 
shall supervise and see that all such resetting is substantially and 
accurately done in conformity with the foregoing, "·hether such 
resetting shall be clone by his o~ men or by those from other 
companies, and he shall report in writing to the engineer any 
disinclination or negligence on the part of the latter to perform 
their work properly. 

12. The contractor will be held strictly accountable for any 
variation or difference between the grades of reset n1anholes and 
boxes and that of the contiguous paven1ent, and any such differ­
ence existing on the completion of the work, or occurring during 
the maintenance period thereof, shall be corrected by the con­
tractor at his o~rn expense. 

13. NIATERIALS TO BE RElWOVED.-BRIDGESTONES TO BE 

LOADED.-OLD CuRBSTONES.-All old materials necessary to be 
removed in the preparation for paving, excepting manhole 
heads and boxes and the materials herein mentioned, shall be 
the property of the contractor, and shall be immediately remo-ved 
by him off the line of the work. Bridgestoncs that are to be used 
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again shall be neatly piled, as hereinafter set forth, anu such as 
arc not so required, and all removed manhole heads and boxes, 
shall be loaded by the contractor into the carts or wagons of the 
Bureau of Highways and shall remain the property of the City. 
Old curbstones which cannot be utilized in accordance with the 
terms of these specifications shall become the property of the 
contractor, to be disposed of by him. 

14. l\ilATERIALS TO BE USED AGAIN.-PRICE FOR PAVEMENT 
TO I NCLUDE REMOVAL.-Such other n1aterial which is specially 
suitable for use in the work shall be collected, piled, and utilized 
as directed by the engineer. All the work of removing and 
loading old material, as above, shall be included in the price bid 
per square yard of pavement. 

15. ExcAVATION .AND FouNDATION.-The old paving blocks 
and other materials necessary to be removed shall be taken up 
and disposed of, as required, and the roadways excavated of all 
subsoil or other matter, be it earth, rock, or other material, to a 
uniform subgradc eight (8) inches belo"' the top of the finished 
pavement, or to such other depth as the engineer may require. 
No ploughing will be allowed '\"\'ithin six (6) inches of such sub­
grade, except by permission of the engineer. 

16. SPONGY MATERIAL.-All spongy or objectionable matter 
disclosed by the excavations thus made shall be removed and the 
space filled with acceptable material, compacted by thorough 

ran1m1ng. 
17. RoLLING.-UNSATISFACT0RY MATERIAL TO BE USED.­

When required, the entire roadbed, after having been brought to 
t ·he necessary subgrade, shall be rolled with a steam roller until 
the surf ace is thoroughly co1npacted and the inaccessible portions 
shall be tamped, wetted, ancl tamped or rolled with a small roller 
and wetted, as may be directed. Material not adn1itting of 
satisfactory rolling shall be removed, and such new material as 
may be necessary to replace t he same or bring the pavement to 
the proper grade shall be supplied and placed by the contractor 

• 
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without extra compensation therefor. It shall be good, whole­
some earth, free from foreign matter, and shall be placed in layers 
not more than six (6) inches in depth and rolled or rammed as 
above or as may be directed. 

18. ROADBED SHAPING.-Great care shall be exercised in 
shaping the roadbed to secure a uniform surface parallel to, and 
the required depth below the given grade and crown, an~ the 
entire cost of such excavation and shaping shall be included in the 
price paid for pavement. 

19. CONCRETE FouNDATION.-On the roadbed thus prepared 
shall be laid a concrete foundation of the materials and thickness 
set forth in these specifications. 

20. DELIVERY OF MATERIAL AND lNSPECTION.-The materials 
for construction shall not be brought to or deposited on the street 
in quantities greater than is necessary for convenient working, 
and shall be so deposited as to cause the least possible obstruction 
to streets and sidewalks, as may be determined by the engineer. 
All new material of every description shall be carefully in­
spected after it is brought on the street, and all such not con­
forming in quality and dimensions to these specifications will 
be rejected and must be in1mediately removed from off the line 
of the work. 

21. AssISTANCE TO BE FURNISHED.-The contractor shall 
furnish such laborers as may be necessary to aid the engineer 
in such examinations, and in case he shall neglect or refuse so to 
do, such laborers as may be necessary will be employed by the 
president and the expense therefor will be deducted from and 
paid out of any money then due or which may thereafter become 
due to the said contractor under this agreement. 

22. PILING OF lVIATERIAL.-All old and such new n1aterial as 
has been approved, except sand and broken stone, shall be neatly 
piled by the contractor on the front half of the sidewalk, on planks 
not less than one (1) inch thick if the same be flagged or other­
wise improved, not within ten (10) feet of any fire hydrant and 
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with sufficient passageways to permit of free access from the 
roadway to each and every house on the line of the work. 

23. Not until this has been clone and the rejected materials 
removed entirely fron1 the line of the work, each of which 
conditions must be faithfully fulfilled, ""ill the contractor be per­
mitted to proceed with the laying of the pavement. 

24. OLD CURBSTONES THAT MAY BE RESET.-Old curbstones 
which can be redressed to a top width of not less than fow· and 
one-half ( 4½) inches, are not less than sixteen (16) inches deep, 
and are of the quality hereafter specified, shall be redressed, re­
jointed, and reset, as directed below. All friable granite cw·b­
stones shall be rejected. 

25. QuALITY, DiirENSIONs, AND DRESSING oF NEw Cv"RB­
STONEs.-New cw·bstones shall be hard, sound, fine-grained, and 
uniform-colored bluestone, shall be free from scams and other 
imperfections, and shall be equal in quality to the best North­
River bluestone. They shall be sixteen (16) inches in depth, 
from three and one-half (3½) to eight (8) feet in length, and not 
less than five (5) inches in thickness (except as noted for bottom 
of curb), with square ends of the full average width. The face 
for a depth of nine (9) inches and the top, on a bevel of one-half 
(½) an inch in its width of five (5) inches, shall be cli·essecl to a sur­
face, \vhich shall be out of wind and shall haYe no depressions 
measuring more than one-quarter ( t) of an inch from a line or 
straight edge of the same length as the cw·bstone. The remain­
der of the face shall be free from projections of more than one­
half ( ½) an inch, and the back for three (3) inches clo'\\rn from 
the top shall have no projections greater than one-quarter (l) of 
an inch measured from a plane at right angles to the top. The 
bottom of the curb shall be rough-squared with a width of not less 
than three (3) inches. 

The sample of the curbstone showing the dressing and the 
jointing required can be seen at the office of the chief engineer 
of the Bureau of Highways. 

1 
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26. JoINTING.-For the full ,vidth of the stone for a distance 
down the san1e as the above-mentioned depth of <lressed face 
from the top, and therebelow to the bottom for a width of two 
(2) inches back from the face, the ends shall be squarely and 
eYenly jointed. In no case shall the ends of the curbstones abut­
ting basin-heads be bE'velled off or reduced in ,vidth, but rece$SCS 
shall be neatly cut in such basin-heads ,Yithout charge therefor, to 
give square, close joints for the width of the stone. 

27. SETTING.-Ea~h curbstone shall be set truly to grade and 
line and on a face batter of one (1) inch in its <lcpth, or vertical]y 
as shall be directed: it shall be firn1ly be<lclcd and tan1ped, ancl the 
rear to the top back filled and tarnpecl "rith clean, dry, gritty 
earth or coarse sand, free from rock fragments, or as hE'reinafter 
n1ore particularly set forth, and the vertical face joints of all curb­
stones shall be flush pointed firmly ,Yith good mortar of one part 
of Portland cen1ent aud two of sand from the top of the curb to 
the top of the foundation of the wood-block pavement. 

28. CORNER CURBSTONES.-Curve< l cw·b for corners shall be 
cut with true radial joints and set accurately to a radius of six 
(6) feet in three (3) foot lengths, unless other\vise required. It 
shall be paid for as straight curb, ancl must comply in all respects 
with the above requirements therefor. 

29.-Thc cost of excavation necessary for curb-setting shall be 
included in the price paid per linear foot of cw·b, and no co1npen­
sation therebeyond shall be made or allowed. 

30. CuRB ON CoNCRETE.-vVben specified, the cw·bstoneafore­
said shall be set on a concrete foundation, and thr price sub­
n1itted per linear foot for new curbstone shall include the 
furnishing of the stone and all the excavations necessary for the 
concrete foundations . 

31. CONCRETE BED FOR CURBSTONES.-Thc concrete foW1-
dation for curbstone shall not be less than six (6) inches thick and 
eighteen (18) inches in width, and be of the n1aterials and pro­
portions hereinafter described except that the broken stone shall 

19 
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not be less than one-quarter ( ¼) nor more than one and one-half 
( 1 ½) inches maximum dimensions; the curb to be in1mediately 
bedded on the centre thereof "rith a bearing for its full length as 
soon as the concrete is laid, and it shall be at once backed up 
\\·ith concrete for a \Yidth of six (6) inches, extending from the 
bottom bed to within four ( 4) inches of the top of the stone. 
The concrete so used \\rill be paid for at the general price bid 
per cubic yard for concrete. 

32. FRONT CoNCRETE.-Simultaneously "rith the backing up 
in the rear, the concrete in front of the curb shall be carried up, 
for the exposed width of the bottom bed, to the elevation of the 
bottom of the paving foundation, and so much of said paving 
foundation itselt as may be necessary, for a width not less than 
six (6) inches from the cw·b, shall be immediately laid to ser,re as 
a support for the cw·bstones. ,,1ien set the corners of the curb 
at the top shall be a straight and true line, and the upper and face 
sw·faces a plane surface. 

33. I N FROKT OF CONCRETE v;r ALKs.-"\"\nen curb is set in 
front of a monolithic, cement, or concrete side\\'alk, the space 
between the cw·b and si<le\\·alk foundation shall be con1pletely 
filled \\rith concrete, similar to that on which curb is set, to within 
two (2) inches of the top; the remaining space to be filled with 
Portland cement of the quality hereinafter specified, mixed with 
equal parts of crushed stone used for the wearing surface of such 
walks. The concrete used for foundation and setting cw·b­
stoncs \\'ill be paid for by the cubic yard, the same as the price bid 
for concrete, and the dimensions \\1ill be based upon these herein­

bef ore stated. 
34. REMOVAL OF FLAGSTONES.-MONOLITHIC "\VALKS.-BACK-

FILLING.-The front course of flagstones \\1hen not over four ( 4) 
feet in width interfering '\\1ith the \\1ork of curb-setting shall be 
picked up and be set back, and after the curb has been set and 
thoroughly backfilled, they shall be fitted in their original posi­
tion and the cut edge be retrimmed and rejointed to a true 

I 



MODERN '''OODEN PAVEl\IENTS 291 

line to give a joint, when possible, not more than one-half (½) an 
inch wide at the back of the cw·b and be so relaid to the ne"' 
cw·b grade when such grade does not differ more than five (5) 
inches from that originally existing; the stone to be thoroughly 
bedded and the joints cemented as herein set forth. Stone of un­
usual size and those containing coal-hole openings, ventilation, 
or light castings shall in no case be disturbed, but the front edge 
shall be rejointed to line, as above in place. Monolithic walks 
shall be carefully cut off to a true line, five and one-half (5½) 
inches back of, and parallel to the new curb line, and for use in 
such locations cw·bstones shall be selected of as near as possible a 
uniform \vidth throughout its depth that the foundation of the 
\Yalk may not be unnecessarily dam~ged. The entire space bc­
tv;een back of curb and such walks, or stones that are left in place 
(except where cw·bstones are to be set in concrete as above de­
scribed), shall be backfilled with fine sand, free from gravel ancl 
stones, to within two (2) inches of the top of the cw·bstones, 
water being freely used to settle and compact the same. The re­
maining space shall be filled with Portland cement mixed with 
sand or stone as used for such walks, to be neatly trowelled to 
place, and the contact surfaces of stones and walks shall be 
made clean and wet while filling and trowelling the said two (2) 
inches. 

35. Any damage done by the contractor to sidewalks in curb­
setting, handling, or in the storage of materials shall be ma<le 
good by him, at his own expense, as shall be directed by the engi­
neer. 

36. NEW FLAGGING, QUALITY AND DIMENSIONS.-DRESSING 

OF FLAGSTONE.-N ew flagging furnished to replace any broken 
shall be of bluestone of even color and best quality, and satis­
factory to the president, not less than three (3) inches thick, 
even on its face, free from seams, flaws, drill-holes, or discolora­
tion, measuring not less than four ( 4) feet wide, and containing 
not less than twelve (12) superficial feet or of the same size as that 
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broken, as shall be directed; the stones to be chisel-dressed, with 
sides parallel, on the four edges a distance do,m of one (1) inch 
from the top and at right angles thereto; except that, in side­
walks where stones of superior clin1ensions or quality are broken, 

' the replaced stone must be in length and ,viclth not less than the 
old stone and be of the same quality of material. 

37. LAYING OF FLAGSTONE.-CLEARIN'G UP.-~.\ll flagging to 
be relaid shall be firmly and evenly bedded to the grade and pitch 
required, on four ( 4) inches of steam ashes, clean, gritty earth or 
sand, free from clay or loa1n, and the work brought to an even 
surface, with all joints close and thoroughly filled ( except around 
1nonuments and trees), for the full depth ,Yith ccn1ent mortar, 
composed of equal parts of the best Portland cement and clean, 
sharp sand, and left clean on the surf ace; and all earth, debris, 
and surplus material shall be ren1oved from each block and the 
sidewalks swept clean, as soon as the work thereon has been 
completed. 

38. HEADING STONEs.-v\7herever the new pavement abuts 
pavement of a different character, and wherever directed to do 
so, the contractor shall put dov.'Tl bluestone heading stones at 
least three (3) feet long and one (1) foot deep, and set ,Yith full 
bearing on a becl of concrete nine (9) inches"'ide and six (6) inches 
deep, of the quality hereinafter described. These heading stones 
shall be of good, sound bluestone, free from lamination or seams. 
They shall be dressed square on top to a good surface, free from 
irregularities, and to a uniform width of not less than four and 
one-half ( 4½) inches. The ends shall be joined square clo\\'ll to 
give close joints, and the bottoms shall be nowhere less than 
three (3) inches wide and be cut to give a full, square bearing 
throughout, and the sides shall be free fro1n bunches. These 
stones shall be n1aintained by the contractor, and they will be 
paid for as wood-block surf ace. 

39. " 'oon-BLocK PAVE11ENT.-(l) The n1atcrial to be treated 
shall be wood blocks, which n1ay be either of Southern Long-leaf 
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Yellow Pine, Southern Black Gum, Norway Pine, or Tamarac, not 
less than ninety per cent of heart, of a texture permitting satis­
factory treatment as hereinafter specified, and is to be subject to 
inspection at the works in the stick before being sa"·ed into 
blocks. 

(2) All blocks shall be of sound timber, free from oork_, loose 
or rotten knots, or other defects which " 'ould be detrin1ental 
to the life of the block or interfere "·ith its laying. No second­
growth timber will be allo"red. 

(3) The paving blocks cut from the lun1ber above specified 
shall be '\Yell n1anufactured, truly rectangular, and of uniform 
dimensions. Their depth (parallel to the fibre) shall be three 
and one-half (3~) inches. Their length shall be not less than six 
(6) or more than ten (IO) inches, and their width shall be not 
less than three (3) nor more than four ( 4) inches, but all blocks 
used in any one contract are to be of the same ,vidth and of the 
same timber. Their depth and "ridth shall not vary more than 
one-eighth (¼) inch from the diinensions specified for any one 
contract. 

( 4) The blocks are to be treated tlu·oughout ,vith an anti­
septic and water-proof mixture, seventy-five per cent of which 
shall be creosote or heavy oil of coal tar conforming to the speci­
fications hereinafter set forth, and twenty-five per cent of ,vhich 
shall be resin conforming to the specifications hereinafter set 
forth. All parts of each individual block shall be thoroughly 
treated, and not less than twenty (20) pounds of the mixture per 
cubic foot shall be injected. 

(5) In preparing the blocks to receive the creosote mixture, 
they shall be placed in an air-tight cylinder, in which dry heat, or 
heat produced by superheated steam, is maintained and raised to 
a ten1perature of 215° Fahrenheit, for 1 hour, for the purpose of 
expelling moistw·e; the heat is then to be increased until it has 
reached 285° Fahrenheit, this heat being maintained for a period 
of 3 hours, or until the block is completely sterilized. Applica-
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tion of heat is then to be stopped and the ten1perature of the 
cylinder allowed to fall for 1 hour, or until san1e has been reduced 
to 250°. A vacuum is then to be applied until about 26 ins. is 
reached, and ,vhile under this vacuum the creosote mixture is to 
be run into the cylinder at a temperature of from 175° to 260°, 
after which hydraulic pressure of not less than 200 lbs. per sq. in. 
is to be 1naintained and raised until the individual blocks are 
treated throughout. 

(6) The creosote oil is to conform to the following specifica­
tions when tested, as follows: 

(7) The gravity at 68° Fahrenheit shall be not less than 1.12. 
When distilled in a retort with the thermometer suspended not 
less than 1 in. above the oil, it shall lose not more than thirty­
five (35) per cent up to 315° centigrade, and not more than fifty 
(50) per cent up to 370° centigrade. The oil is to be free fron1 
adulteration; it must not be mixed v.·ith or contain any foreign 
material. 

(8) The r<'sin is to be solid resin obtained from pine. It is 
to be reduced to a fine <lust by grinding, and then incorporated 
with the hot creosote oil in a suitable mixing tank until the 
proper proportions are secured. 

(9) After treatment the blocks are to show such v.·ater-proof 
qualities that, after being dried in an oven at a temperatw·c of 
120° for a period of twenty-fow· hours, ivcighccl and then in1-
mersed in clear v.1ater for a period of twenty-£ our how·s and 
weighed, the gain in ,veight is not to be greater than three (3) per 
cent. 

40. ANALYSIS OF TREATED BLOCK.-Fine turnings from the 
block shall be placed in a suitable extraction apparatus and thf' 
oil completely extracted thercfron1 \\'ith ether or carbon bisul­
phi<le. The oil so extracted shall be placed in a suitable still and 
distilled. The portion up to 120° centigrade, consisting of the 
solvent, is to be collected apart. The oil shall then be distilled 
up to 370° centigrade. The creosote oil thus obtained must con-
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form in all respects to the requirements of Paragraph 39, Sub­
division 7. 

41. I NSPECTION OF MATERIAL.-The engineer shall have tests 
and examinations made at the contractor's works of the materials 
and blocks proposed to be used, and reject any or all of such ma­
t erials and blocks as he may consider not to be in compliance with 
these specifications. The borough president shall appoint an in­
spector at the expense of the contractor, who shall inspect the 
lumber and other materials used in the manufacture of the blocks 
and the treatment of the blocks; and he shall r eject any of such 
material and blocks as he may consider not to be in compliance 
with these specifications. 

42. INSPECTION .-The blocks will be carefully inspected after 
they are brought on the line of work, and all blocks which in 
quality and dimensions do not conforn1 strictly to the require­
ments "'7111 be rejected and must be immediately removed from 
the line of work. 

43. CEMENT.-The cement shall be of the best quality of 
American P ortland, samples of which must be submitted at least 
ten (10) days (holidays and Sundays excluded) before using, for 
the inspection and approval of the chief engineer, and no change 
from such approved brand shall thereafter be made \>Yithout the 
submission and approval of samples. I t "rill be required that the 
various deliveries shown by samples taken from the work during 
its continuance shall exhibit qualities equal or superior to those 
developed by the samples submitted as aforesaid. 

44. QuALITY.-TuNSILE STRENGTH.-All cements shall be 
freshly ground and of a uniform quality, .color, and weight, 
and briquettes of one (1) square inch section shall develop or ex­
ceed the following tensile strength: 

Neat, one hour air, twenty-three (23) hours in water, 200 lbs.; 
neat, one day air, six (6) days in water, 400 lbs.; neat , one clay 
air, twenty-seven (27) clays in water, 480 lbs.; one of Portland, 
three (3) of sand, one day air, six (6) days water, 150 lbs. 
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45. CoNCRETE.-PROPORTIONS OF MATERIALs.-TuE UNIT 
OF MEASURE.-The concrete shall be composed of one (1) part of 
cement, three (3) parts of sand, and six (6) parts of broken stone, 
but should the proportion of voi<ls in the stone be such that a 
greater or less quantity of stone be required to give satisfactory 
results, the amount of broken stone shall be increased or de­
creased to the extent directed by the engineer upon any 
particular piece of work. The unit of measure shall be the 
barrel of cement as packed by and received from the man­
ufactw·er. 

46. SAND AND BROKEN STONE.-To BE STORED ON PLAT­
Ji'ORI\IS.-The sand shall be clean, coarse, and sharp, and be free 
from loan1 or dirt. The broken stone shall be of trap, granite, or 
limestone, or such other stone taken from the line of the v.·ork as 
shall be satisfactory in the judgment of the engineer. I t shall be 
entirely free from dust and dirt, and be of graded sizes that ,Yill 
pass in any direction through a revolving circular screen having 
l1oles two and one-half (2½) inches in dian1eter, and be retained 
by a screen having holes one (1) inch in diameter. The sand and 
stone must be placed upon board platforms and kept free from 
dirt, and the cement shall be properly blocked up and protected 
from dampness. 

47. SIZE OF BATCH.-NlIXING.-UsE OF MIXING MACHINE.­
Concrete, unless machinery be use<l, shall be mixed in batches, 
containing not more than one (1) barrel of cement "'ith the req­
uisite proportion of other material, on suitable tight platforms, 
not less than twelve (12) feet by t"·elve (12) feet in size. The 
cement and sand shall be thoroughly mixed dry after ¼-·hich the 
broken stone, having first been wetted, shall be added. The 
whole mass shall then be tw·ned and \Yorked by skilled laborers, 
until a resultant is obtained, "'ith the stone uniformly distributed. 
In shovelling, the material must be lifted clear of the board. If a 
concrete mixing machine be used, the cement and sand shall be 
mixed as above and precautions taken to insure the proper 
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proportion of each of the materials, so that the resultant mixtw·e 
shall be uniforn1 in quality. 

48. LAYING.-CoNCRETE SURFACE TO BE ScABBLED.-The 
concrete shall be placed in position, and there rammed with 
proper rammers until thoroughly compacted. The whole opera­
tion of nlixing and laying each batch must be performed as ex­
pec.litiously as possible, and inno case shall concrete be used which 
has been mixed more than one-quarter(¼) of an how·. The con­
crete shall be protected fro1n the weather until set, and should it 
at any time be considered by the engineer to be poorly mixed or 
not to be setting properly, such portions shall be taken up and 
replaced "'ith satisfactory n1aterial. Sufficient time, of "'rhich 
the engineer shall be the judge, shall be allowed for the concrete 
to set before the pavement is lai<l thereon. Before laying con­
crete to connect ,vith, rest upon, or overlap any concrete pre­
Yiously lai<l, the entire sw·face of contact of the latter shall be 
S\Yept and \\·ashed clean of all dirt and 1nortar particles and, when 
deemed necessary, shall be satisfactorily scabblcd. 

49. No TRAFFIC ON CoNCRETE.-No horses, carting, or whecl­
i11g shall he allo,Ycd on the concrete until the same has thoroughly 
set, and then only cm planks furnished and laid by the contractor. 
13y car tracks the contractor shall pro,'ide men to pass cars there­
OYer. 

50. TuicKNESS AND TESTING.-The concrete foundation shall 
be four and one-half ( 4!) inches thick, including a n1ortar top 
surface of one-half (~)inch in thickness, the concrete proper being 
four ( 4) inches thick, anc.l shall withstand such tests as the engi­
neer 1nay deem necessary, and the contractor shall furnish such 
sa1nplcs as 1nay be required for the purpose. 

51. CE~JENT NIORTAR BEo.-1:pon the swface of the concrete 
foundation shall be spread a bed of cement n1ortar one-half inch 
in thickness. This n1ortar surface shall be composed of a slo'11'­
::-etting Portland cen1cnt an<l clean, sharp sand, frre from 
pPbhlcs OYer one-quarter ( t) inch in dian1etcr, and n1ixed in the 
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proportion of one part cement to four parts of sand. This mor­
tar top shall be thoroughly rammed into place with concrete 
rammers until all the unevenness in the concrete shall be taken 
up, and shall then be" struck " to a true surface exactly parallel 
to the top of the finished pavement. 

52. On the surface of the concrete foundation before the mor­
tar bed is laid shall be set strips of wood four ( 4) inches wide by 
one-quarter ( ¼) inch thick, or strips of steel four ( 4) inches wide 
by not less than one-eighth (¼) inch thick, and of the greatest 
length convenient for handling. These strips shall be carefully 
set parallel and about eight (8) or ten (IO) feet apart, 111nnjng 
from curb to curb, and be embedded in mortar throughout their 
length so that the top surface shall be three and one-half (3½) 
inches below and parallel to the grade of the finished pavement. 
The space between two strips having been filled with mortar, a 
true and even top surf ace shall be struck by using an ironshocl 
straight edge on the strips as a guide, and as soon as the bed has 
been struck, the strip which would interfere with laying the blocks 
shall be removed and its place carefully filled with mortar with a 
trowel. 

53. If the width of the roadway be such that the laying of 
blocks on a complete section cannot be completed before the 
mortar takes its initial set, the strips may be placed parallel to 
the curb, and templates cut to the curve of the <lesired crown 
shall be used on these strips to strike the bed. 

54. METHOD OF LAYING.-On this mortar surface spread and 
smoothed as above to the proper crown and grade, the blocks are 
to be laid with the grain vertical and at such an angle with the 
curb as the engineer may direct. They shall be laid in parallel 
courses with as tight joints as possible, each block being firmly 
bedded in the mortar bed so as to form a true and even surface. 
A one-half inch paving expansion joint shall be used along each 
curb and across the street every one hundred feet. 

The joints shall then be filled with cement grout composed of 

• 
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2 parts clean sand and 1 part of Portland. cement, mixed to 
a perfectly liquid form, and the SW'face of the block shall be 
slushed with san1e and the joints s,vcpt Wltil they are con1-
pletely filled. The surface shall then be covered with ½ in. of 
screened sand. 

55. GROOVED BLOCKS.-Where wood-block pavement is laid 
on streets or parts of streets having a gradient of more than three 
per cent the blocks shall be not less than six (6) inches nor more 
than ten (10) inches long, and the upper edge of each block 
shall be cut away for a width of one-fourth (¼) inch and a depth 
of one (1) inch, so as to provide transverse grooves of that ,viclth 
and depth between each course of block when the blocks are laid 
in place; or such other construction shall be used as will, in the 
opinion of the engineer, provide an equally good foothold for 
horses. 

56. CuTrING CLOSCREs.-Nothing but whole blocks shall be 
used except in starting a course or in such other cases as shall 
be specially permitted by the engineer, and in no case shall less 
than one-third of a block be U8ed in breaking joints. Closures 
shall be carefully cut and trin1mcd by experienced rnen, the por­
tion of the block to be used to be free from check or fracture and 
the cut end to have a surface 11orn1al to the top of the block and 
be cut at the proper angle to give a close, tight joint. 

57. LAYING.-Each COW'se of blocks shall be of uniforn1 ,viclth 
and depth, with all joints close and the end joints broken by a 
lap of at least four ( 4) inches, and, ,vhile laying, the pavers must 
stand on those already laid. Any lack of uniformity in the sur­
face or unevenness in the blocks must be immediately corrected 
by taking up and relaying the blocks, and blocks fractured or 
broken shall be replaced with perfect ones before any sand is 
spread over the surf ace. 

58. SAND CoVERING.-When laid, the blocks shall be covered 
with clean, fine sand, entirely free from loam or earthy matter, 
perfectly dry and screened through a sieve having not less than 



300 HIGH"'AY ENGIXEERING 

t ,vcnty (20) meshrs per linear inch, the sand to be left on the 
surface until such time ,vhen, if required by the engineer, the pave­
n1en t shall be s,vcpt clean for final inspection and any defects then 
noted shall be ren1cdied. 

59. READJVSTl\IENT OF ADJOINING P AVEl\IENT.-The curb­
stones and gutters of the adjoining pavements, and all pave­
ments abutting the new ,vork, shall be readjusted and brought 
to the ne\\' grades ancl lines to the extent dee1ned necessary by the 
engineer, and such readjustment of curb and pa,·en1ent shall in­
clude rejointing, resetting, and relaying as herein proYide<l, all 
without charge therefor. 

60. In readjusting such abutting pavements, all imperfect 
stones shall be discarded and only those of regular shape used 
and before the old paYen1ent of the street being paved shall have 
been removed, the contractor shall select therefron1 enough per­
fect stones, and preserYe the sa1ne until needed, to 1nake up any 
deficiencies. On the contractor's f ailw·e so to do, he shall pro­
vide such extra necessary stones at his O'\\"Il expense and to the 
satisfaction of the engineer. 

61. The stones shall be laid in straight and regular courses, 
,vith close end joints broken by a lap of at least three inches. The 
joints between courses shall be close except "·hen gravel filling 
is to be used, and the courses shall be carried parallel to the exist­
ing courses; any differences in alignment between such courses 
and the header shall be corrected at the header by neatly trin1-
n1ing the blocks. ~one but stones of the san1e ,Yidth shall be 
usctl in the sa1nc course except " 'here tri1nming is necessary. 

62. All stones shall be relaid on a full bed of sand and be 
thoroughly ran1med to a fu·1n unyielding bearing and to a uni­
f orn1 surface, the joints to be brushed full of sand. 

63. '\' hen the pavcn1ent is to be relaicl on a concrete founda­
tion with joint filling, such foundation, if required by the engineer, 
shall be remoYed and relaid, 01 be added to \Yith concrete, as 1nay 
be necessary; all other detail to be in aecordance \\1th the cur-
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rent specifications fo,.· similar work in use in the Bureau of 

Highways. 
64. REMOVAL OF SURPLUS lvIATERW,S, RUBBISH, ETC.-All 

surplus materials, earth, sand, rubbish, and stones are to be re­
n1oved frorr1 the line of the work, block by block, as rapidly as the 
work progresses; all material covering the pavement and side­
~valks shall be swept into heaps and immediately removed fron1 
the line of the work; and unless this be done by the contractor 
within forty-eight hours after being notified so to do, by written 
notice to be served upon the contractor, either personally or by 
leaving it at his residence or with any of his agents on the work, 
to the satisfaction of the president, the same shall be removed 
by the said president and the amount of the expense thereof shall 
be deducted out of any moneys due or to grow due to the con­
tractor under this agreement. 

65. SWEEPING AND SPRINKLING.-At all times during the 
prosecution of the work, such materials as may be placed on the 
sidewalk shall be piled in the manner heretofore set forth, and the 
contractor shall keep the footway clean by sweeping. ~Then 
such material is removed, the side,valk 1nust be immediately swept 
clean by the contractor, and when public or local inconvenience 
is caused by dust, the contractor shall water any piles or sw·faces 
of earth or the sidewalks or pavement foundation <luring swecµ­
ing, when and where necessary or whenever required by the 
engineer so to do. 

66. P ATENTED ARTICLES.-That whenever or wherever an 
article or any class of materials is specified by the name of any 
particular patentee, manufacturer, or dealer, or by reference to 
the catalogue of any such n1anufacturer or dealer, it shall be taken 
as intending to mean and specify the article or materials de­
scribed, or any other equal thereto in quality, finish, and dura­
bility and equally as serviceable for the purposes for which it 
is (they are) intended. Nothing in these specifications shall be 
interpreted or taken to violate the provisions of Section 1554 of 
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the Greater New York Charter, which provides that" except for 
repairs no patented pavement shall be laid and no patented 
article shall be advertised for, contracted for, or purchased, ex­
cept under such circumstances that there can be a fair and 
reasonable opportunity for competition, the conditions to secure 
which shall be prescribed by the Board of Estimate and Ap­
portionment." 
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AsANDOIDiENT of contract, New Jersey practise in case of, 65 
Alvord, J . W., on brick pavements, with illustrations, 195- 197 
Asphalt, characteristics and varieties of, 222-224 

liquid, 249 
pavement, block, 232, 233 

block, composition and treatment of concrete for, 267- 269 
block, curbing for, 259, 260 
block, cutting closures, 269, 270 
block, Nev.• York City specifications for, 254--272 
block, qualities of cement for, 266 
block, rolling of, 258 
block, size and composition of blocks, 264, 265 
tensile strength of, 266 
block, tests for, 265, 266 
block, treatment of flagstones, 262, 263 
block, treatment of manholes, catch-basins, etc., 256 
block, treatment of monolithic walks, 262 
mixture, composition and properties, 248 
proper, definition, 247 
sheet, binder for, 228 
sheet, broken stone for , 242, 243 
sheet, cement and concrete for, 242 
sheet, composition of mixture, 250 
sheet, crown for, 231, 232 
sheet, flagging for, 239-242 
sheet, foundation for, 227, 228 
sheet, grade and cro,vn, 231, 232 
sheet , heading stones for, 242 
sheet, process of laying, 251 
sheet, sand for, 229, 242 
sheet, specifications for , 233-253 
sheet, stone dust for, 229 
sheet, wearing surface, 229-231 
traction tests on, by Iowa State University, 13 
pavements, 222 et seq. 
advantages and disadvantages, 226 
artificial, 226 
natural, 225 
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Asphaltic cement for sheet asphalt pavement, 230, 231 
properties and requirements, 249, 250 

f ... sphalts, rock, requirements of, when used, 251 
Axle-trees and wheels, arrangement of, to prevent ruts, 118, 119 

BACKFILLING in block asphalt work, 262 
Baker, table showing effect of grade and road covering on load , 23 
Baker's coetlicient of axle friction, 2 
Ball mill in stone-dust preparation for briquettes, with illustration, 99, 100 
Batch, size of, in mixing concrete for block asphalt work, 267 
Belgian-block pavement, 177, 178 

origin of name, 177 
Bids, gravel road, New J ersey requirements, 61 

New Jersey practice, 134 
Binder for gravel roads, 47 

for sheet asphalt pavements, 228 
Binders for macadam or telford , New Jersey practice, 130 
Binding materia l for macadam road , Macadam's opinion , 124 
Black, Prof. A., article on tests of road stone, 81- 91 
Block asphalt pavement, see Asphalt pavement, block 
Blocks, asphalt, size and composition, 264, 265 

tests for, 265, 266 
city, desirable size of, 164 

Brick for paving, sizes and qualities, 195-197, 214 
paving, testing for hardness, Mob's scala, 198 

pavement, advant~ges of, 194, 195 
J. ,v. Alvord on, 195, 197 
traction tests on, Iowa State University, 13 

pavements, curbing, 210, 211 
" Directions for Laying," etc., recommended by the National Pav-

ing Brick l\Iaoufacturers Association, 209- 221 
expansion cushion for, 217 
foundation for, 202, 203, 212 
history, descript ion, etc., 194 et seq. 
imperviousness and density of mn,teria l, 202 
intersections, ~;th illustrations, 206-208 
joint filling for, 204 
laying the brick, 205, 206, 215 
rolling and tamping, 218 
testing for strength of material, 200, 201 
testing for toughness of material, 198-200 
machine for, 199 

Bridges, culverts, suspension work, New Jersey practice, 64 
etc., in stone-road making, New J ersey requirements, 138 

Bridgestones for stone pavements, 243, 244 
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Bridgestones, New York City specifications, 189 
cement for, 190 

Briquettes in stone tests, descriptions of, and illustrations of machines for 
making, 94-101 

Broken-stone roads, description and treatment, 70 
roads, varieties of, 70 

Burnt-clay roads described, 143 

CARRIAGEWAY, width of, 165, 166 
Catch-basins, New York City p ractice, 184 
Cement and concrete for sheet asphalt pavements, 242 

asphaltic, properties and requirements, 249, 250 
for block asphalt work, qualities of, 266 
tensile strength of, 266 

wood pavements, New York City requirements, 295 
paving, New York City practice, 191 

temperature, etc., 246 
toothing, 246 

Cementation tests of stone for roadrnaking, 94-102 
Central Park, New York city, gutters in, 170 
Charcoal roads, construction of, 151, 152 
Check accompanying bids, New J ersey requirements, 135 

bids in gravel road specifications, New Jersey, 62 
Chemical treatment of blocks for wood pavement, 278 
Chert in binder for gravel roads, 48 
Chesapeake Boy district, shell roads in , 150 
City blocks, desirable size of, 164 

streets, see Streets 
Clay on gravel roads, 47 
Cleaning various pavements, comparison of labor required, illustration, 197 
Closures, cutting, in block asphalt work, 269, 270 

in wood paving, 299 
Coal-slack roads, 151 
Cobblestone pavements, 176, 177 
Concrete and cement for sheet asphalt pavement, 242 

for block asphalt work, composition and treatment of, 267-269 
wood pavements, New 'fork City requirements, 296, 297 

foundation for curbstone, 186, 187 
Construction of gravel roads, 50-53 
Contour of earth roads, with illustrations, 41, 42 
Cont ract, subletting, New Jersey, 67 
Contractor, liabilities of, New Jersey specifications, 136, 137 
Corduroy roads described, 143, 144 
Covering, thickness of, for stone road , 108-110 
Cross-section of stone road, 113 

20 
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Crown of city streets, treatment of, 172 
earth roads, contour and treatment of, with illustrations, 41, 42 
gravel roads, 50 
sheet asphalt pavemE>nt, 231, 232 

• stone road, amount of, 113 
stone road, effect of grade on, table, 114 

Crushing resistance of stone, determination of, 102 
Culverts on earth roads, emp]oyment of, 39 
Curbing for block asphalt pavement, 269, 260 

brick pavements, 210, 211 
Curbs and gutters for city streets, with illustrations, 169-172 
Curbstones for stone pavements, New York City practice, 185, 186 
Cushion, expansion, for brick pavements, 217 

DE C,u1p machine for oiling roads described and illustrated, 147, 148 
Definition of asphalt pavement proper, 247 
Department of Agriculture, report to, of repairs to macadam roads, 114-122 

Agriculture tests at Cotton States Exhibition in Atlanta, 14-18 
Deval machine in abrasion tests, 91 
Diagonal system of city streets, Haupt on, with illustrations and formulas, 

159-164 
Dirt roads, see Earth roads 
Ditches for gravel roads, New Jersey practice, 60 

side, for earth roads, 39, 40 
Drags, varieties and uses of, with illustrations, 31, 32 
Drainage of earth roads, side ditches as factor, 39, 40 

gravel roads, 49, 50 
stone roads, New Jersey requirements, 133, 137 
streets, 169-173 

subsurface, on earth roads, 32-38 
Drains for earth roads, details of, illustrations, 33, 35 

tile, uses of, on earth roads, with table of sizes, 35, 36 
Duluth, street grades in, 167, 168 
Dupuit and Morin experiment on speed and resistance, 9 
Dust, inorganic, for sheet asphalt pavement, 250 
Dwellings, entrances or driveways to, New J ersey practice, 132 
Dynamometer, self-recording, used in Missouri road tests, 7 
Dynograph described, with illustrations, 19, 20 

EARTH roads, clay, treatment of, with illustrations, 41 
construction of, 26 et sPq. 
ditching for various surfaces, 41, 42 
drainage as factor in maintenance, 25, 27, 28 
gravel on, benefit of, 53 
maintenance and repair, 44 , 45 
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Earth roads, 1lissouri tests on, 7, 8 
slope of, with table, 43 
thorough consideration of, 24 
use of rollers on, 32 
width and right of ,vay, with illustration, 42 

Earthwork, excavation, etc., 43 
Embankment in gravel roads, Ne,v Jersey practice, 57 
Engineer, selection and duties of, New Jersey, 65 
Excavation in gravel roads, New Jersey practice, 57 
Expansion, allo,vance for, in ,vood pavements, 280, 281 

FAILURE, causes of, in wood pavements, 281,282 
Field stone for road-building, 105 
Filler for brick pavements, 204, 205, 218 
Fillers for stone-pavement joint.s, 182 

New York City practice, 182 
·wood pavement joints, 280 

Flagging for sheet asphalt pavement, 239-242 
Flagstones, treatment of, in block asphalt work, 26_2, 263 
Foundation for brick pavements, 202, 203, 212 

sheet asphalt pavement, 227,228 
wood pavement, 279 

France, treatment of trees in street design, 174 
Friction, axle, considered , ,vith formula, 1, 2 

GOVERNMENT (U.S.) tests in traction resistance, 12, 14-18 
Grade and crown for sheet asphalt pavement, 231, 232 

Baker's tablP showing effect of, on load, 23 
effect of, ~1assachusetts Commission report on, 21 

of, on cro,vn of, stone road, table, 113 
of, on tractive force, with table and illustration, 21, 22 

in wood pavements, 281 
longitudinal, as factor in maintenance of stone roads, 117 
resistance, to estimate, 20 

Grades at street intersections, 168 
street, importance of, 167 

Grading of gravel roads, 50 
gravel roads, Ne,v Jersey practice, 57 

Granite for road-building, 105 
Granite-b!ock pavement , 178- 193 

pavement, kinds of stone used, 179 
size of blocks, 179, 180 

pavements, New York City specifications, 183-193 
pavements, size of blocks, New York City practice, 190 

cement for, 190, 191 
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Gravel, benefit of, on earth roads, 53 
roads, binder, selection of, 47 

chert in binder, 48 
clay on, 47 
crown of, 50 
drainage of, 49, 50 
general study of, 46 et seq. 
grading of, 50 
maintenance, 53, 54 
methods of construction, 50-53 
friissouri tests on, 7 
New Jersey practice, 55-69 
repairs of, 54, 55 
screening for, 49 
specifications of New Jersey Commissioner, 55-69 
surface construction, 50, 51 
trench construction of, 52, 53 
11s. macadam, comparison, 55 

selection of, 46 et seq. 
Grooved blocks in wood paving, 299 
Gutters and curbs for city streets, with illustrations, 169-172 

or side ditches, stone roads, New Jersey practice, 13:3 

HARRISON, E.G., report on repairs of macadam roads, 114-122 
Haupt, Le'\\ris i\1., on diagonal system of city streets, 159-164 
Heading stones for sheet asphalt pavement, 242 
Herring and Rosewater, plan of intersection grades, 168 

Rudolph, table of effects of surface on tractive force, 11, 12 

INORGANIC dust for sheet asphalt pavement, 250 
Intersections, brick, pavements '\\--ith illustrations, 206-208 

of streets. grades at, lfl8 
Iowa State University tests on brick and asphalt pavements, 12, 13 

JoJNTS in wood pavement, filling for, 280 
stone paven1ents, fillers for, 182 

LAYING sheet asphalt pavement, process of, 251 
wood pavement, 279-282 

pavements, New ·York City method of laying, 298, 299 
Liabilities of contractor, Ne"' Jersey specifications. 62, 63 
Lifting of stone road, when and how it ::,hould be done, 124 
Limestone for road-building, 105 
Liquid asphalt, 249 
Loads, compari5on of, on various pave1nents, illustration, 196 
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Loan1, gravelly, on earth roads, with illust ration, 41 
san<ly, on earth roads. with illustration, 41 

Location of city streets. 156, 157 
• 

Lots, oize of. 165 

1 1AcAD A~t, his definition of the road, with illustration, 70, 71 
opinion of bindi11g n1aterial. 12•1 

n1aterial, abrasion 1nachine for, described and illustrated, 92 
pa\ernent, -;\lii;souri tests on, 7 

nvJ<l('rn. 7 4 
Xew J ersey practice. 130 

road, binding 1naterial for, ~lacadam's opinion, 124 
effects of Yarious rollings, 111, 112 
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roads, E. 0. Ilarrison's report on repairs, 114-122 
1•s. grnvc-1, co,nparison. 55 

surface, excavating and preparing roadbed, trenchmg, illustrated, 106, 107 
-;\lachinc, briquette. for stone tests, illustrr,,ted, 95, 97 

De Camp. for oiling roads, described and illustrated, 147, 148 
for test in~ brick for paving, 199 
olcl Deval, in abrasion tests, 91 
road, grueling the subgrade of stone rond, illustrated, 75, 77 

~lair.tennnce of earth roads. 44, 4.5 
gr::l\·el roads, .53, 54 
stone roads, longitudinal grade as factor in repairs. 117 
stone- roads. ravelling as factor in, 119, 121. 122 
stone roads, ruts as factor. 118 
stone roads, trash or rubbish as fnctor, 120. 121 

~lalt hn, when it ,nay he userl. 249 
:'IJnnhole, coYers, heads, etc .. 184 
~lanholcs. cn.tch-hn-..ins. etc .. in block ac,phalt job, 2513 
'.\ l nrylnnd collects only half tolls from drivers of broad-tired Yehicles, 7 

shell roads in, 150 
'.\ lassachnsetts Comn,ission absorption test of stone, 104 

method of stone cerncnt:1tion tests, 95, 96 
r<>porl on c-ff cct of :irarle, 21 
re-ports on tire widths. 6 

experience in use of trees on highwu} . 1, 5 
prac-t ice in laying: stone, L LO 

in sutfnC'ing for stone ronds, 10~. 109 
1\lntc-rials in gravel roads. ~C'W JersC'y prnC'tic<>, 59 

old, removal and ownership of. Ne\Y York City practice. 184 
patented. procedure in cnsc of. 272 

J\IcXe1ll. ~ir .John, tnhle of effects of surface on trnctiYe force, 10 
'.\[ill. hall, in stone-Just prepnru tion for briquettes, described and illustrated, 

99 , 100 
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~1iscellaneous roads described and illustrated, 143 et seq. 
Missouri Experiment Station tests on different road surfaces, 7-9 
?tilixture for sheet asphalt pavement, composition of, 250 
Moh's scale for testing hardness of brick, 198 
ifonolithic walks. treatment of, in block asphalt work, 262 
Monuments, city, ho"' treated by contractor in New York City, 185 
Morin and Dupuit experiment on speed and resistance, 9 

M., experiments on diameter of wheel, 5 
Mortar bed by car tracks, New York City, composition of, 192 

treatment of, 192 

NATION AL PA VJNG BRICK ~1ANUFACTURERS AssoCIATION, " Directions for 
Laying," etc., 209-221 

New Jersey allows tax rebate to owners of wide-tired vehicles, 6 
practice and specifications for gravel roads, 55-69 
practice in surfacing stone roads, 109 
practice in width of stone road, 112 
specifications for stone roads, 126-142 

New York City specifications for granite-block pavements, 183-193 
City, street grades in, 167 

OIL for roads, quantity required, 149 
for roads, selection and application, 146 et seq. 
petroleum, tor asphaltic cement, requirements of, 249 

Oiled crust, the White smoother, use of, 149 
crusts, various, for examination, 146 
roads described and illustrated, 144-149 

De Camp machine for, described and illustrated, 147, 148 

P ATCBTN0 of stone roads, practice in, 125 
Patented materials, procedure in case of, 272 
Pavement, Belgian-block, see Belgian-block pavement, 

granite-block, see Granite-block pavement 
Pavements, asphalt, see Asphalt pavements 

brick, see Brick pavements 
cobblestone, see Cobblestone paven1ents 
stone, see Stone pavements 
various, comparison of loads carried on, 196 

effects of, on tractive force, illustrated, 10 
labor required to clean, illustrated, 197 

wood, see \Yood pavements 
Payment for labor, materials, etc., Ne,v Jersey, 68 
Penfold on repairs to stone roads, 123 
Petroleum oil for asphaltic cement, requirements of, 249 
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Pittsburg, street grades in, 167 
Plan and system in city streets, ,vith illustrations and formulas, 157-164 
Plank roads, construction of, 152, 153 
Plans and drawings for gravel roads, Ne"'· Jersey pract,ice, 56 
Power required to dra,v a wheel over an obstacle, diagram, 4 
Preserved ,voods, value of, in ,vood pavements, 282 

RAVELLING as factor in maintenance on stone roads, 119, 121, 122 
Rectangular system of city streets , v.'ith illustration, 157, 158 
Repair of earth roads, 44, 45 
Repairs and maintenance of stone roads, 114-125 
Resistance, grade, to estimate, ,vith formulas, 16 

rolling, explained, 2 
to abrasion, stone roads, 91-94 

Resistances, tractive, considered at length, 1 et seq. 
Roads, burnt-clay, described, 143 

charcoal, construction of, 151, 152 
coal-slack, 151 
corduroy, described, 143, 144 
miscellaneous, described and illustrated, 143 et seq. 
oiling, described and illustrated, 144-149 
plank, construction of, 152, 153 
sand-clay, 154, 155 
shale, varieties and value, 150, 151 
slag, 150, 151 
stone, broken-stone, see Stone roads 

Rock asphalts, laying, 252 
requirements of, when used, 251 

Roller, steam, on finished stone road, illustrated, 87 
Rollers, use of, on earth roads, 32 
Rolling, brick pavements, 218 

in case of block asphalt pavement, 258 
stone roads, described and illustrated, 111, 112 

roads, New Jersey practice, 131 
Rosewater and H~rring, p!an of intersectio·n grades, 168 
Ruts as factor in maintenance of stone roads, 118 

prevention of, by arrangement of axle-trees and wheels, 118, 119 

SAND for sheet asphalt pavement, 229, 242 
Sand-clay roads, 154, 155 
Sandstone for road-building, 105 
Screening for gravel roads, 49 
Shale in road-building, 105 

roads, va rieties and value, 150, 151 
Sheet asphalt pavement, see Asphalt pavement, sheet 
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. 'houlrler in grav<>I road,. ;'\cw Jeri-ey practiCI:!, .3~ 
Sid1•-hill .~tN'cts, t r~u tn1eul of. 1 GH 
;-.idP,,alks for gnn·eJ roads, Xe,,,. Jl'r:>ey practi~. tiO 

:,;e"' York City practicl', 1~7 
:---1l·Yes nnd :,cn,•r•n" for st onf• cetneulation te,,t:., 9S, HU 

:--izr of hr(1ken stone for roads, 109. J 10 
Sia~ roach, 1.50, L'>l 

Slope i11 ~r:tYl'l roacl--. .Ke,\· Jersey prnctiee, .;s 
earl h roads. with l:thle. 43 

:--pf'cifie.'ltions. Xew Jers<•y, for stone roads, 126-142 

Xew York City, for hloek asphalt pnYen1ents. 2.5-1--272 
:-.c,,· York C'ity, for shcl•t nsphult pavement, 2:3:i-2.'i:i 

SpePd, rc>lation of , to rolling n•sista11ce, 9 
Sprin~" hP11eficinl to road an<l , elude, 0 
S tone hr<•nk,•r, for slu><>t nsphnlt pn,en1ent. 2-12, 2J:3 

pln<'ing on prepnred suhgrnde, ilh1t1t rat<><I, 79 

ce1ne>ntulion te.-.ts, \\ ushington practice, 101 
1lust for eP111Pnta11nn t<>st. prepurin~. 98 

for shc<·t u'lphnlt pn,·e1n('nt, 229 

ror roud, ciualitics requin-d, opinions of Prof .. \.Black.SJ -!-ll 
ronclrnaking, qualilie ... of, table, 10:1 
roads, nh11urption te~l of )lnssachusetts ('onnnission, 10! 

French lC'sls und cocfficiPnt of wear, 93 
layin,:t, :\1nssi1c.•luu,ctts pruct ice, 110 

puven1ent!'I, 1 i<i I l ,'lcq. 
hrid!.!e.~tonc><: for, 24:J, 21-! 
cen1Pnt for, ;\e,v York City practice, 191 
fillers for joints, 182 
foundation for, 181 
foundation, New ·York City practice, 1"1 

laying the stone, 182 
New York C'ity practice as to rnanholes, 1\4 
r<>mo,ing old n1aterial, l\c"• ·York City practice, 184 

re>i.istancc to crus hing, det<>rn1inulion of. 102 
rond, co1nplete, illustrntecl. 89 

1:1uhgrndcs hcing covered lVith broken stone, illui:,trnted, 79 
roads, hind Pr n1u.teriul, 1 I 2 

hridg<"l, etc., for, New Jersey rcquirc1ncnts, 1:1-.; 
causes of l'C'pairing considered in detail, 115 122 
cen1c11talion t<>sts of 1unlcri11l. 9 ·1 102 
cross-1-cct ion, 1 I ;3 
crown, amount, of, 113 
drninnge, Nc-w ,Jerc;c-y requirernents, 1:1:J, 137 
for1ns of construction illustrnt<>cl, lOf>, 107 
kinds of rock co1n1nonly ui:-t>d, 104, 105 
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Stone roads, lifting of, when and how it should be done, 124 
longitudinal grade as factor in maintenance, 117 
maintenance and repairs, ~Iassachusetts practice, 114 
modern, practice in, 73, 74 
New Jersey practice in covering, 109 
New Jersey specifications, 126-142 .a. 
patching of, practice, 125 
Penfold on repairs, 123 
ravelling as factor in maintenance, 119, 121, 122 
repairs and maintenance, 114-125 
resistance to abrasion, tests, 91-94 
ruts as factor in repairs, 118 
size of broken stone, 109, 110 
thickness of covering, 107-110 
width of, Massachusetts practice, 112 
,vidth of, New Jersey practice, 112 

tests, method of Prof. A. Black, 81-91 
toughness tests, 102 

Street design, detailed study of, with illustrations, 156 et seq. 
drainag~, 169-172 
grades, ,mportance and treatment, 167 
intersections, grades at, 168 

Streets, design, location, etc., with illustrations, 156 et seq. 
diagonal system, Haupt on, with illustrations and formulas, 159-164 
diagram of, in \Vashington, D. C., 163 
gutters and curbs for, ,vith illustrations, 169-172 
location of, 156, 157 
plan and system in , with illustrations and formulas, 157-164 
rectangular system, with illustration, 167, 158 
side-hill, treatment of, 169 
treatment of crown, 172 
trees as factor in design, 174, 175 
width of carriageway, 165, 166 

Subfoundation of gravel roads, Ne,v J ersey practice, 58 

313 

Subgrade of stone road being graded and rolled by machine, illustrated, 75, 
77 

Subletting of contract, New Jersey, 67 
Subsurface drainage on earth roads, 32-38 
Surface, as factor in resistance and tractive force, 10 

construction of gravel roads, 50, 51 
Surfaces, road, l\!Iissouri tests of various, 7-9 
Surfacing for stone roads, Massachusetts practice, 108, 109 

TELFORD foundation , laying, illustrated, 83 
New Jersey practice, 129 



314 INDEX 

Telford pavement, description of, with illustrations, 71-74 
modern, 74 

road construction, illustrated, 85 
Temperature of paving cement, 246 

paving cement, New York City practice, 191 
Tests of road stone, method of Prof. A. Black, 81-91 
Tile drains, use of, on earth roads, with table of sizes, 35, 36 
Tillson on making of paving brick, 195, 196 
Tire, width of, effect on haulage and road preservation, 6-9 
Tires, broad, in New J ersey gravel road construction, 61 

in stone-road making, New Jersey practice, 134 
Toothing cement, 246 
Topography of city streets, 156, 157 
Toughness, tests of brick for paving, 198-200 

of stone, 102 
Trackway, in ~Iurray Street, New York, 154 

in Chicago, 154 
the Albany and Schenectady, 154 

Trackways, abroad and in United States, 153, 154 
cost of, 153 
mode of construction, 153 

Traction tests, findings of various investigators, 10-19 
Tractive force, diagram and equations demonstrating, 3, 4 

effect of grade on, with table and illustrations, 21 
Tractograph, description of, 16 

in pavement tests, with illustration, 16 
Trap rock for roads, 104 
Trash or rubbish on stone roads as factor in m~intenance, 120, 121 
Trees, consideration of, in street design, 174, 175 

on highway, l\Iassachusetts experience, 175 
varieties planted, 17 5 

Trench construction of gravel roa<ls, 52, 53 
Trenching stone road, illustrated, 106, 107 

UNDERDRAINS in gravel roads, New Jersey practice, 59 

WASHING TON, D. C., diagram or arrangement of streets, 163 
Wear of stone, French tests and coefficient, 93 
Wearing surface for sheet asphalt pavement, 229-231 
Weather considerations in New Jersey specifications, 138 
Wheel, diameter of, as affecting rolling resistance, 5 
Wheels and axle-trees, arrangement of, to prevent ruts, 118, 119 
White smoother, the, for oiled crust, use of, 149 
~Vidth of earth roads, right of way, etc., with illustrations, 42 

stone road, l\1assachusetts practice, 112 
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Wood pavement, advantages and disadvantages, 274,275 
allowance for expansion in, 280, 281 
chemical treatment of blocks, 278 
filling for joints, 280 
foundation for , 279 
laying, 279-282 
New York City requiren1ents in block material, 292 
Ne\\' York City specifications for , 282-302 

pavements, causes of failure in, 281, 282 
cement for, New York City requ irements, 295 
concrete for, New York City requirements, 296, 297 
cutting closures in , 299 
forms of blocks, 277, 278 
grooved blocks, 299 
method of laying, 298, 299 
modern , history and description, 273 et seq. 
treatment of grade in, 281 
use of, in Europe, 273 
value of preserved woods, 282 
varieties and choice of woods, 276, 277 

Workmen, competency of, New J ersey, 66 
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Berg's Buildings and Structures of American Railroads ..••..... ....... 4to, 
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Sabin's House Painting •••.... .............. ................ .... 1 zmo, 
Industrial and Artistic Technology of Paints and Varnish .......... 8,•o, 

Siebert and Biggin's Modern Stone-cutting and Masonry. . . . . . . . . . . . . . 8vo, 
Snow's Principal Species of Wood .••............................. . . 8vo, 
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• Dyer's Handbook of Light Artillery . ... ........ . ... . .... . ........ 12mo, 
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Hopkins's Oil-chemists' Handbook .......... .4 .......... ........... .. 8vo, 3 oo 
Iddings's Rock Minerals. . . . . . . . . . . . . . . . . . . . . . . . . . . ............. 8vo, s oo 
Jackson's Directions for Laboratory Work in Physiological Chemistry .. 8vo, I 25 
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Johnson's Chemical Analysis of Special Steels. (In Preparation.) 
Keep's Cast Iron .•............................................... 8vo, 2 so 
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Leach's Inspection and Analysis of Food with Special Reference to State 

Control. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 7 so 
Lob's Electrochemistry of Organic Compounds. (Lorenz).. . . . . . . . .. 8vo, 3 oo 
Lodge's Notes on Assaying and Metallurgical Laboratory Experiments .... 8vo, 3 oo 
Low's Technical Method of Ore Analysis. . . . . . . . . . . . . . . . . . . . . . . . .8vo, 3 oo 
Lunge's Techno-chemical Analysis. (Cohn) .. " ...................... 12mo, I oo 
• McKay and Larsen's Principles and Practice of Butter-:naking . . . . . . 8vo, I so 
Maire's MOdem Pigments and theix Vehicles .......................... 12mo, 2 oo 
Mandel's Handbook for Bio-chemical Laboratory . . . . . . . . . . . . .... 12mo, I 50 
* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. 12mo, 60 
Mason's Examination of Water. (Chemical and Bacteriological.) ... 12mo, I 25 

Water-supply. (Considered Principally from a Sanitary Stan dpi 
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Matthews's Textile Fibres. 2d Edition, Rewritten . . . . . . . . . . . . . .. 8vo, 4 ·oo 
* Meyer's Determination of Radicles in Carbon Compounds. 1Tingle). 12mo, 1 25 
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8vo, paper, so 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production. . . . . . . . . . . . . . . . . . . . . . .............. 8vo, 1 oo 
Pictet's Alkaloids and their Chemical Constitution. (Biddle .......... 8110, 5 oo 
Poole's Calorific Power of Fuels. . . . . . . . . . . . . . . . . . . . . . . . . . ..... 8vo, 3 oo 
Prescott and Winslow's Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis................... . . .... 12mo, 1 so 
* Reisig's Guide to Piece-dyeing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 25 oo 
Richards and Woodman's Air, Water, and Eood from a Sanitary Standpoint..8vo, 2 oo 
Ricketts and Miller's Notes on Assaying. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 3 oo 
Rideal's Disinfection and the Preservation of Food .................... 8vo, 4 oo 

Sewage and the Bacterial Purification of Sewage ................. 8vo, 4 oo 
Riggs's Elementary Manual for the Chemical Laboratory .............. 8vo, 1 25 
Robine and Lenglen's Cyanide Industry. (Le Clerc) .................. 8vo, 4 oo 
Ruddiman's Incompatibilities in Prescriptions. . . . . . . . . . . . . . . . . . . . . . . 8vo, 2 oo 

Whys in Pharmacy • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12mo, 1 oo 
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Ruer's Elements of Metallography. (Mathewson) (In Preparation.) 
Sabin's Industrial and Artistic Technology of Paints and Varnish. . . .... 8vo, ~ oo 
Salkowski's Physiological and Pathological Chemistry. (Orndorff, ..... 8vo. 
Schimpf's Essentials of Volumetric Analysis. . . . . . . . . . . . . . . . . ..... r2mo. 
* Qualitative Chemical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo • 

Text-book of Volum.etric Analysis. . . • . . . . . . . . . . . . . .......... 12mo_ 

2 so 
I 25 

T 25 
'J 50 
z so Smith's Lecture Notes on Chemistry for Dental Students. . . . . . . . . . . . . Svo, 

Spencer's Handbook for Cane Sugar Manufacturers. . . . . . .. 16mo, mor. 3 oo 
Handbook for Chemists of Beet-sugar Houses ............ 16mo, mor. 3 oo 

Stockbridge's Rocks and Soils. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 2 so 
* Tillman's Descriptive General Chemistry. . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 3 oo 
* Elementary Lessons in Heat .. . . . . ........................... 8vo, 1 50 
Treadwell's Qualitative Analysis. (Hall) ....... .................... 8vo1 3 oo 

Quantitative Analysis. (Hall).. . ....•................ ...... 8vo, 4 oo 
Turneaure and Russell's Public Water-supplies ....................... 8vo, 5 oo 
Van Deventer's Physical Chemistry for Beginners. (Boltwood) ....... 12mo, r 50 
Venable's Methods and Devices for Bacterial Treatment of Sewage. . .. Svo, 3 oo 
Ward and Whipple's Freshwater Biology. <In Pres;;.) 
Ware's Beet-sugar Manufacture and Refining. Vol. I ........... Small 8vo, 4 oo 

" " " " " Vol. II . . . . . . . <;mill i;,-o, s co 
Washington's Manual of the Chemical Analysis of Rocks.. . . . . . . . . . 8vo, 2 oo 
* Weaver's Military Explosives. . . . . . . . . . . . . . . 8vo, 3 oo 
Wells's Laboratory Guide in Qualitati\'e C~emica1 Analysis. . . . ..... Svo, r 50 

Short Course in Inorganic Qualitative Chemical Analys s for Engineering 
Students. . . . . . . . . . . . . . . . . . . . . . . . . . ........... 12mo, I 50 

Text-book of Chemical Arithmetic ...... ...................... 12mo, 1 25 
Whipple's Microscopy of Drinking-water. . . . . . . . . . . . . . . . . . . . . . . . . . 8\'o, 3 s~ 
Wilson's Chlorination Process. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12mo, 1 5::, 

Cyanide Processes . . . . . . ............ ......... . . . 
Winton's ?i,licroscopy of Vegetable Foods . . . . . . . . . . . . . ........ . 

CML ENGINEER-ING. 

12mo, 
8vo, 

I 50 
7 so 

BRIDGES AND ROOFS. 
ING. 

TIYDRAULICc::;. :'.L\T8RI \LS OF EXGIXEER­
RAIL\rAY EXGI.:-.EERIXG. 

Baker's Engineers' Surveying lr!struments. . . . . . . . . . . . . . . . . 12mo, 
Bixby's Graphical Computing Table. . . . . ... Paper IQ 1. 2 i l inches. 
Breed and Hosmer's Principles and Practice of Surveying. :> Yolume!'. 

Vol. I. Elementary Surveying . . . . . . . . . . . . . . . . . . . . ... 8vo 
Vol. II. Higher Surveying... . . . . . . . . . . . . . . . . . . . . . 8vo, 

* Burr's Ancient and Modern Engineering and the Isthmian Canal . . 8vo, 
Comstock's Field Astronomy for Engineers. . . . . . . ....... 8vo, 
* Corthell'" Allowable Pressures on Deep Foundations ................ 12mo, 
Crandall's Text-book on Geodesy and Least Squares . . . . . . . . . . . . . 8vo, 
Davis's Elevation and Stadia Tables.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Elliott's Engineering for Laud Drainage ..•........................ r 2mo, 

Practical Farm Drainage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12mo, 
*Fiebeger's Treatise on Civil Engineering . . . . . . . . . ................. 8vo, 
Flemer's Pbototopographic Methods and Instruments. . . . . . . . . . . . . . 8vo, 
Folwell's Sewerage. (Designing and Maintenance.). . . . . . . . . . . . . . . . 8vo, 
Frei tag's Architectural Engineering ................................. 8vo, 
French and Ives's Stereotomy. . .......................... ~ ....... 8vo, 
Goodhue's Municipal Improvements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12mo, 
Gore's Elements of Geodesy. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 8vo, 
* Hauch's and Rice's Tables of Quantities for Prelia:inary Estimates 1:1mo, 
Bayford's Text-book of Geodetic Astronomy. . . . . . . . . . . . . . . . . .... 8vo, 
Bering's Ready Reference Tables. (Conversion Factors) ........ 16mo, mor. 
Howe's Retaining Walls for Earth ..................... • .......... 1z:no, 
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* Ives's Adjustments of the Engineer's Transit and Level . . . . . .... 16mo, Bds. 25 
Ives and Hilts's Problems in Surveying .. ....... .. .. .... ...... 16mo, mor. 1 so 
Johnson's (J.B.) Theory and Practice of Surveying ...... .... . ... Small Svo, 4 oo 
Johnson's (L. J. ) Statics by Algebraic and Graphic Methods. . . . . . . . . . 8vo, 2 oo 
Kinnicutt, Winslow and Pratt's Purification of Sewage. ( In Preparation. ) 
Laplace's Philosophical Essay on Probabilities, ' Trusoott and Emory). 

12mo, 2 oo 
Mahan's Descriptive Geometry. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, I so 

Treatise on Civil Engineering. ( 1873.) (Wood) ...••. .. . ........ 8vo, s oo 
Merriman's Elements of Precise Surveying and Geodesy., ••.. . .. . . .... 8vo, 2 50 
Merriman and Brooks's Handbook for Surveyors .•.•... . . ...... 16mo, mor. 2 oo 
Nugent's Plane Surveying ... . . ..... ..........•. • .......... , . . . . .. Svo, 3 50 
Ogden's Sewer Construction. (In Press.) . 

Sewer Design .••.................................• . . . ... .. 12mo, 2 oo 
Parsons's Disposal of Municipal Refuse. . • • . . . . . . . . . . . . . . . . . ...... 8vo, 
Patton's Treatise on Civil Engineering .... . . . . .. ....... .. . 8vo. half leather, 
Reed's Topographical Drawing and Sketching . .... . ........... . ...... 4to, 
R1deal's Sewage and the Bacterial Purification of Sewage. . . ........ . .. Svo, 
Riemer ' s Shaft-sinking under Difficult Conditions. (Corning and Peele) .. 8vo, 
Siebert and Biggin's Modern Stone-cutting and Masonry . .... . ...... . . Svo, 
Smith's Manual of Topographical Drawing. (McMillan) ....... .... . ... 8vo, 
Soper's Air and Ventilation of Subways .. .......... . . . .. . .. . . Large 12mo, 
Tracy's Plane s urveying .. . .. ........... . .... . . . ... .......... 16mo, mor. 
* Tr-iutwine's Civil Engineer's Pocket-book .•...... ...... . ..... 16mo, mor. 
Venable's Garbage Crematories in America. . . . . . . . . . . . . . . . . . . . . . . .8vo, 

Methods and Devices for Bacteria l Treatment of Sewage . .. ... ... Svo, 
Wait's Engineering and Architectural Jurisprudence .. . . .. . . . . . . ... ... Svo, 

Sheep, 
Law of Contracts ........ . ......... . ... .• ...... . . ..... . ...... Svo, 
Law of Operations Preliininary to Construction in Engineering and Archi-

tecture .••.. . ......... . . . ....... . . . . ... . ... . ..... . ...... 8vo, 
• Sheep, 

Warren's Stereotomy- Problems in Stone-cutting ..•. . . . . ............. Svo, 
• Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers . 

-z ¼ X ~ ~ inches, mor. 
Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 
Wilson's {H. N.) Topographic Surveying. • . . . . . . . . . . . . . . . . . . . . . .. Rvo, 
Wilson's (W. L.) Elements of Railroad Track and Construction. (In P1·ess.) 

BRIDGES AND ROOFS. 

2 00 

7 so 
s 00 

4 00 

3 00 

I 50 
2 so 
2 so 
3 00 

5 00 
2 00 
3 00 
6 00 

6 so 
3 00 

s 00 
5 so 
2 so 

I 00 

I 25 
3 50 

Boiler's Practi~al Tr~atise on the Construction of Iron Highway Bridges .. Svo, 2 00 
Burr and li'alk s _Design an~ Construction of Metallic Bridges ........... Svo, 5 00 

Influence Lmes for Bndge and Roof Computations . ............... Svo, 3 00 
Du Bois's Mechanics of Engineering. Vol. Il • . . .. . . . ... . ... . . . Sn:all 4to 10 00 
Foster's Treatise on Wooden Trestle Bridges . ... .......... . ..... . . ... 4to: 5 00 
Fowler's Ordinary Foundations •.. . .... .. ....•.•...•............ .. _. Svo, 3 50 
French and Ives's Stereotomy .. .. . . . . . .....•.•. • .•• . .••••...•..... . Svo, 2 so 
Greene'_s Arches in Wood, Iron, and Stone ... • ••• • .•.........•...... . 8vo, 2 50 

Bridge Trusses. • . . . . . . . . . . . . . . . . . . . . • • • • . • 8vo 
2 50 . . . . . . . . . . . . . . . . . , 

Roof Trusses. • • • . . . . . . . . . g •... " • • · • • • • • • • • • • • • • • • • • • • • . • • , . . . VO, I 25 
Grimm's Seconda~ Stresses in Bridge Trusses • . .. . . . . . ..... ..... . .. . .. Svo, 2 50 
Helle~s Stresses m Structures and the Accompanying Deformations .. . .. 8vo, 3 00 
Howes Design of Simple Roof-trusses in Wood and Steel . ..... . ...... 8vo, 2 00 

Symmetrical Masonry Arches . • . . .... . ... . . . ... .. . . ..... . . . . .. : Bvo, 2 50 
Treatise on Arches .••.... . . ... .. .. . . . .. .. . ... . . . . ............ 8vo, 4 00 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 
Modem Framed Structures .................. . ... .. ... . Small 4to, 10 00 
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Merriman and Jacoby's Text-book on Roofs and Bridges: 
Part I. Stresses in Simple Trusses ..... .............. ........... 8vo , 2 so 
Part ll. Graphic Statics ..................................... . 8vo, 2 s o 
Part ill. Bridge Design ...................... . . .. ............. 8vo, 2 so 
Part IV. Higher Structures .................................. . 8vo, 2 so 

Morison's Memphis Bridge ....... ...................... .. ... Oblong 4to, Io oo 
Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

, 8vo, 2 oo 
Waddell's De Pontibus, P ocket-book for Bridge Engineers .. ... . x6mo, mor, 2 oo 
* Specifications for Steel Bridges .............................. 12mo, so 
Waddell and Harrington's Bridge Engineering. (In Preparation.) 
Wright's Designing of Draw-spans. Two parts in one volume .. ..•••• . . 8vo, 3 so 

HYDRAULICS. 

Barnes's Ice Formation .. .............................. .......... 8vo, 
Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine) ..... .......................... 8vo, 
Bovey's Treatise on Hydraulics.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper, 
Hydraulic Motors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Mechanics of Engineering ... .................................. 8vo, 

Coffin's Graphical Solution of Hydraulic Problems .•............ I6mo, mor. 
F lather's Dynamometers, and the Measurement of Power ....... ..... I 2mo, 
Folwell's Water-supply Engineering ..• , . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Frizell's Water-power ............................................ 8vo, 
Fuertes's Water and Public H ealth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12mo, 

Water-filtration Works. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 12mo, 
Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. mering and Trautwine ) . .. . . .. .. 8vo, 
H azen's Clean W ater and H ow to Get rt .................... . Lar~e r2mo, 

3 00 

2 00 
5 00 
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2 00 

6 00 

2 so 
3 00 

4 00 
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4 00 

I SO 
Filtration of Public Watcr-suppJ:es . . . . . . . . . . . . . ..... 8vo, 3 oo 

H azlehurst's Towers and Tanks for Water-works. . . . . . ....... 8vo, 2 50 
Herschel's I IS Experiments on the Carrying Capacity of Large, Riveted, rtfetal 

Conduits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 2 oo 
Hoyt and Grover's River Discharge.. . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 2 oo 
Hubbard and Kiersted's Water-works Mana~ement and Maintenance ..... avo, 4 oo 
* Lyndon's Development and Electrical Distrihu•ion of Water Power .... 8vo, 3 oo 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 oo 
Merriman's Treatise on Hydraulics. . . . . . . . . . . . . . . . . . . . . . . . . 8vo, s oo 
* Michie's Elements of Analytical Mechanics. . . . . . . . . . . . . . . . . . . . . . . . 8vo, 4 oo 
* Molitor's Hydraulics of lttvers, Werre; and Sluices, ................. 8vo, ~ oo 
Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water-

supply ... .......... . .............................. Large 8vo, s oo 
* Thoma,; and W att's Improvement of Rivers ....................... 4to, 6 oo 
Turneaure and Russell's Public W ater-supplies . . . . . . . . . . . . . . . . . 8vo s oo 
W egmann's Design and Construction of Dams. 5th Ed .. enh1rged . . . 4Jo, 6 oo 

Water-supply of the City of New York from 1658 to 1895 . . .... . 4to, 10 oo 
Whipole's Value of Pure Water .. . . . . . . . . . . . . . . . . . . . . . . . . Large r2mo, t oo 
Williams and Hazen's Hydraulic Tables. . . . . . . . . . . . . . . . . . . . . . . 8vo, t 50 
Wilson's Irrigation E ngineering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Small 8vo, 4 oo 
Wolff's Windmill as a Prime Mover ................................ 8vo, 3 oo 
Wood's Elements of Analytical Mechanics. . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 3 oo 

Turbines. • . . . • . . . . . . . . . . . . . . . . . . . .......................... 8vo, 2 so 
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MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements. .. • • . . . . . . . . . . . . . . . . •.•• • ••........ 8vo, 5 oo 
Treatise on Masonry Construction .••••....................•... . 8vo. s oo 

Birkmire'i. Architectural Iron and Steel .................. .. ... . ...... 8vo, 3 50 
Compound Riveted Girders as Applied in Buildings .............. 8vo. 2 oo 

Black's United States Public W orks .......................... Oblong 4to, 5 oo 
Bleininger 's Manufacture of H ydraulic Cement. (In Preparation ) 
* Bovey's Strength of Materials and Theory of Structures .............. 8vo, 7 so 
Burr's Elasticity and Resistance of the Materials of Engineering .. ..... 8vo, 7 50 
Byrne's Highway Construction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 5 oo 

Inspection of the Materials and Workmanship Employed in Construction. 
16mo, 3 oo 

Church's ~:Iechanics of Engineering ..... ......... ............... ... 8vo, 6 oo 
Du Bois's Mechanics of Engineering. 

VoL I. Kinematics, Statics, Kinetics .. ................... Small 4to, 7 50 
VoL II. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures ..... .............................. Small 4to, 10 oo 
•Eckel's Cements, Limes, and Plasters ......... ...................... 8vo, 6 oo 

Stone and Clay Products used in Engineering. (In Preparation.) 
Fowler's Ordinary Foundations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 3 so 
Graves's Forest Mensuration ...................................... 8vo, 4 oo 
Green's Principles of American Forestry ........................... 12mo, 1 so 
* Greene's Structural Mechanics .... ..... ....... .................... 8vo, 2 50 
Holly and Ladd's Analysis of Mixed Paints, Color Pigments and Varnishes 

Large 12mo, 
Johnson's (C. M.) Chemical Analysis of 6pecial Steels. (In Preparation.) 
Johnson's (J. B.) Materials of Construction ....•. ............• Large 8vo, 
Kee p's Cast Iron. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Kidder's Architects and Builders' Pocket-book.. . . . . . . . . . . . . . . . . . . 16mo, 
Lanza's Applied Mechanics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Maire's Modero Pigments and their Vehicles . 12mo, 
Martens's Handbook on Testing Materials. (Henning) 2 vols. . . . . . .. 8vo, 
Maurer's Technical Mechanics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 8vo, 
Merrill's Stones for Building and Decoration. • . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Merriman's Mechanics of Materials ............. ................... 8vo, 
* Strength of Materials ..................................... 12mo, 
Metcalf's Steel A Manual for Steel-users ..•...................... 12mo, 
Morrison's Highway Engineering •.. ....... .................. ...... 8vo, 
Patton's Practical Treatise on Foundations ........................... 8vo, 
Rice's Concrete Block Manufacture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Richardson's Modern Asphalt Pavements ........................... 8vo, 
Richey's Handbook for Superintendents of Construction .......... 10mo, mor-. 
• Ries's Clays: Their Occurrence, Properties, and Uses ............... 8vo, 
Sabin's Industrial and Artistic Technology of Paints a~-1 Varnish ........ 8vo, 
* Schwarz's Longleaf Pine in Virgin Forest .. • .. . .. .. . . .. . ......... umo, 
Snow's Principal Species of Wood .• .. ................ • • • .. • • • • • • • 8vo, 
Spalding's Hydraulic Cement . ........................ • • • .. • • • • • • · rzmo, 

'['ext-book on Roads and Pavements . ........................ • .12mo, 
Taylor and Thompson's Treatise on Concrete, Plain and Reinforced ... • .. 8vo, 
Thurston's Materials of Engineering. In Three Parts.. . . . . . . . . . . • .. 8vo, 

Part I . Non-metallic Materials of Engineering and Metallurgy ..... 8vo, 
Part II. Iron and Steel. ......... ............................. 8vo, 
Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents .................... • • • .. • . • • • ........... • . . Svo, 
Tinson's Street Pavements and Paving Materials. • . . . . . . . . . . . . . . ..... 8vo, 
Tumeaure and Maurer's Principles of Reinforced Concrete Construction ... Svo, 
Waterbury's Manual of lnstructions..for the Use of Students in Cement Labora-

tory Practice. {In Press.) 
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Wood's (De V. ) Treatise on the Resistance of Materials, and an Appendix on 
the Preservation of Timber ................................ 8vo, 2 oo 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 
Steel ..•................................................ 8vo, 4 oo 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers • •• . .... 3x5 inches, mor. 
Berg's Buildings and Structures of American Railroads . . . . . . . . . . . . .. 4to, 
Brooks's Handbook of Street Railroad Location. •......... ..... 16mo, mor. 
B.itt's Civil Engineer's Field-book. . . . . . . . . . . . ............... 16mo, mor. 
Crandall's Railway and Other Earthwork Tables... . . . . . . . . . . . . . . . . . 8vo, 

Transition Curve ....................................... 16mo, mor. 
* Crockett's Methods for Earthwork Computations .................... . 8vo, 
Dawson's "Engineering" and Electric Traction Pocket-book ... ... r6mo, mor. 
Dredge's History of the Pennsylvania Railroad: (1879) .............. Paper, 
Fisher's Table of Cubic Yards ........ .. ....................... Cardboard, 
Godwin's Railroad Engineers' Field-book and Explorers' Guide ... 16mo, mor. 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em-

bankments ..................... ................... ..... . 8vo, 
Ives and Hilts'!l Problems in Surveying, Railroad Surveying and Geodesy 

16mo, mor. 
Molitor and Beard's Manual for Resident Engineers ................. r6mo, 
Nagle's Field Manual for Railroad Engineers ................... 16mo, mor. 
Phllbrick's Field Manual for Eng:neers . . ................ .. .... r6mo, mor. 
Raymond's Railroad Engineering. 3 volumes. 

Vol. I. Railroad Field Geometry. (In Preparation. ) 
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Vol. II. Elements of Railroad Engineering. . . ................ 8vo, J 50 
Vol. III. Railroad Engineer's Field Book. (In Preparation.) 

Searles's Field Engineering ................................ .. 16mo, mor. 3 oo 
Railroad Spiral ....................................... 16mo, mor. r 50 

Taylor's Prismoidal Formulre and Earthwork ...................... . 8vo, 1 50 
*Trautwine's Field Practice of Laying Out Circular Curves for Railroads. 

12mo. mor. 2 50 
* Method of Calculating the Cubic Contents of Excavations and Embank-

ments by the Aid of Diagrams ...................... ....... 8vo, 2 oo 
Webb's Economics of Railroad Construction ....... : .......... Large 12mo, 2 50 

Railroad Construction .•............................... . 16mo, mor. 5 oo 
Wellington's Economic Theory of the Location of Railways ....... Small 8vo, 5 oo 

DRAWING. 

Barr's Kinematics of Machinery .................................... 8vo, 2 50 
* Bartlett's Mechanical Drawing ................................... 8vo, 3 oo 
* " " " Abridged Ed ...................... 8vo, 1 50 
Coolidge's Manual of Drawing ............................... 8vo ;:,aper, 1 oo 
Coolidge and Freeman's Elements of General Dtafting for M~chanical Engi-

neers ............................................. Oblong 4to, 2 50 
Durley's Kinematics of Machines .................... .. ...... . ...... 8vo, 4 oo 
Emch's Introduction to Projective Geometry and its Applications ........ 8vo, 2 so 
Bill's Text-book on Shades and Shadows, and Perspective ..•........... 8vo, 2 oo 
Jamison's Advanced Mechanica, Drawing ........................... 8vo, 2 oo 

Elements of Mechanical Drawing ......•....... ...... . .......... 8vo, 2 so 
Jones's Machine Design: 

Part I. Kinematics of Machinery ........................ ..... . 8vo, 1 so 
Part II. Form, Strength, and Pr..:>portions of Parts ................ 8vo, J oo 

MacCord's Elements of Descriptive Geometry . . ...................... 8vo, 3 oc 
Kinematics; or, Practica.1 Mechanism. ... . .•.................... 8vo, s oo 
Mechanical Drawing . .................... . ........... . ....... . 4to, 4 oo 
Velocity Diagrams. . . . . . . . . . . . . . . . . . . . .............. . ....... 8vo, I 50 
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• 

McLeod's Descriptive Geometry .............................. Large 12mo, 
* Mahan's Descriptive Geometry and Stone-cutting .................... 8vo, 

Industrial Drawing. (Thompson) ..••.......................... 8vo, 
Moyer's Descriptive Geometry ... ................................ ... 8vo, 
Reed's Topographical Drawing and Sketching ........................ 4to, 
R 'd' C . M h . l D . 8 e1 s ourse 1n ec anica raw1ng. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 
Robinson's Principles of Mechanism ..... ........................... 8vo, 
Schwamb anci Merrill's Elements of Mechanism ...................... ~vo, 
Smith's (R. S.) Manual of Topographicul Drawing. (McMillan ) ........ 8vo, 
Smith (A. W.) and Marx's Machine Design .............. ............ 8vo, 
* Titsworth's Elements of Mechanical Drawing ...... : ......... Oblong 8vo, 
Warren's Drafting Instruments and Operations ..................... 12mo, 

Elements of Descriptive Geometry, Shadows, and Perspective .•..... 8vo, 
Elements of Machine Construction and Drawing .................. 8vo, 
Elements of Plane and Solid Free-hand Geometrical Drawing ..... 12mo, 
General Problems of Shades and Shadows ....................... 8vo, 
Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow ......................................... . ..... 12mo, 
Manual of Elementary Projection Drawing ..................... 12mo, 
Plane Problems in Elementary Geometry ...................... 12mo, 
Problems, Theorems, and Examples in Descriptive Geometry ..• .... 8vo, 

Weisbach's Kinematics and Power of Transmission. (Hermann and 
Klein) ............................................• . .... 8vo, 

Wilson's (H. M.) Topographic Surveying ... ... ....................... 8vo, 
Wilson's (V. T. ) Free-hand Lettering ....................... . ..... . . 8vo, 

Free-hand Perspective ....................................... . 8vo, 
Woolf's Elementary Course in Descriptive Geometry ... .......... Large Svo, 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation. (von Ende) ...... .... 12mo, 
Andrews's Band-Book for Street Railway Engineering . . . 3 X s inches, mor. 
Anthony and Brackett's Text-book of Phys ics. (Magie) ........ Large 12mo, 
Anthony's Lecture-notes on the Theory of Electrical Meas urements .... 12mo, 
Benjamin's History of Electricity ..•.. .•.. .......................... 8vo, 

Voltaic Cell. . • . ......... ... ................ .. ....... ... ..... 8vo, 
Betts' s Lead Refining and Electrolysis ... . ............. . ............ Svo, 
Classeo's Quantitative Chemical Analysis by Electrolysis. (Boltwood ) . . 8vo, 
* Collins's Manual of Wireless Telegraphy .• ............ ...... .. .... 12mo, 

Mor. 
Crehore and Squier's Polarizing Photo-chronograph ..•................ 8vo, 
* Danneel's Electrochemistry. (Merriam ) . .. . ................... .. . 12mo, 
Dawson's "Engineering" and Electric Traction Pocket-book .... 16mo, mor. 

• 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (von Ende) 

I 50 

I $0 

3 so 
2 00 

5 00 

2 00 

3 00 

3 00 

3 oo 
2 so 
3 00 

I 25 

I 25 

3 so 
7 so 
I 00 

J 00 

I 00 

I 50 

I 2$ 
2 so 

5 00 

3 so 
I 00 

2 so 
3 00 

l 25 

I 25 

3 00 

I 00 

3 00 

3 00 

4 00 

3 00 

I 50 
2 00 

3 oo 
I 25 

5 00 

12mo, 2 50 
Duhem's Thermodynamics and Chemistry. (Burgess) ........•..... ... 8vo, 4 oo 
Flather's Dynamometers, and the Measurement of Power . •• •........ 12mo, 3 oo 
Gilbert's De Magnete. (Mottelay ) ................................ .. Svo, 2 50 

* Banchett's Alternating Currents ................................ 12mo, 1 oo 
Bering's Ready Reference Tables (Conversion Factors) ... ....... I6.lll,o, mor. 2 50 

* Hobart and Eilis's High-speed Dynamo Electric Machinery .......... 8vo, 6 oo 
Holman 's Precision of Measurements. . . . . . . . . . . . . . . . . . . . .......... 8vo, 2 oo 

Telescopic Mirror-scale Method, Adjustments, and Tests .. .. Large Svo, 75 
* Karapetoff's EXl)erimental Electrical Engineering .................... 8vo, 6 oo 
Kinzbrunner's Testing of Continuous-current Machines ... • ........... Svo, 2 oo 
Landauer's Spectrum Analysis. (Tingle) . .•....... ...... .......... .. 8vo, 3 oo 
Le Chatelier's High-temperature Measurements. (Boudouard-Burgess) .. 12mo, 3 oo 
Lob's Electrochemistry of Organic Compounds. (Lorenz) . •. .. . . . . . . ... 8vo, 3 oo 
• L •ndon's Development and Electrical Distribntion of Water rower .... 8vo, 3 oo 
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• Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and Il. 8vo, each , 
• Michie's Elements of Wave Motion Relating to Sound and Light ....... 8vo, 
Morgan's Outline of the Theory of Solution and its Results ........... 12mo, 
• Physical Chemistry for Electrical Engineers ............. . ..... r2mo, 
Niaudet's Elementary Treatise on Electric B:1tteries. <Fishback) . ... r2mo, 
' Norris's IntrOduction to the Study of ElectrlC.11 En~neering .......... 8vo, 
• Parshall and Hobart's Electric Machine Design. . . . . . . . . . . 4to, half mor. 
Reagan's Locomotives: Simple, Compound, and Electric. New Editior. 

Large 12mo, 
• Rosenberg's Electrical Engineering. Haldane Gee-Kinzbrunner ) • •.. 8vo, 
Ryan, Norris, and Roxie's Electrical Mechinery. Vol. I .............. . Svo, 
S;happer's Laboratory Guide for Students in Physical Chemistry ..... . 12mo, 
• TilJman's Elementary Lessons in Heat ..... . ..................... . 8vo, 
Tory and Pitcher's Manual of Laboratory Physics ............. Large 12mo, 
Ulke's Modern Electrolytic Copper Refining ............... . .......... 8vo, 

LAW. 
• Davis's Elements ot Law. . • . . . . . . . . . . . . . . .............. • ....... Svo, 
• Treatise on the Military Law of United States ......•............. 8vo, 
• Sheep, 
• Dudley's Military Law and the Procedure of Courts-martial .... Large 12mo, 
Manual for Courts-martial. ................•................ r6mo, rnor. 
Wait's Engineering and Architectural Jurisprudence ..•.. • ............ 8,·o, 

Sheep, 
Law of Contracts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Svo, 
Law of Operations Preliminary to Construction in Eng-ineering and Archi-

tt.ctu.re . ............................................. ... Svo 
Sheep, 

MATHEMATICS. 

6 00 
4 00 
I 00 
I so 

2 so 
2 so 

12 so 

3 so 
2 co 
2 so 
J 00 
I SO 
2 _,.:, 

3 00 

2 50 
7 00 
7 so 
2 50 
I $0 
6 00 
6 so 
3 00 

5 00 
5 so 

Baker's Elliptic Functions . . . . . . . . . . . . . . . . . . . • . . . . . . . Svo, 1 so 
Briggs's Elements of Plane Analytic Geometrv. (B0cher). . • .... . . . 12mo, 1 oo 
•Buchanan 's Plane and Spherical Trigonometry. . . . . . . . . ...•......... Svo. 1 oo 
Byerley's Harmonic Functions . . . . . . . . . . . ..................... 8'1"o, 1 oo 
Chandler's Elements of the In1lnitesimal Calculus .... . .............. r2'llo, 2 oo 
Compton's Manual of Logarithmic Computations ... . ... . . . ... . . . . .. 1 2mo, 1 so 
• Dickson's College Algebra ....... .... .. Large 12mo, x so 

Introduction to the Theory of Algebraic Equations . . .. Large 12mo, I 25 
Emch's Introduction to Projective Geometry and its Applications . . . . Svo, 2 so 
Fiske's Functions of a Complex Variable . .......................... Svo, 1 oo 
Hals ted's Elementary Synthetic Geometry . . .......... . . . . . ..... . .. 8vo, 1 so 

Elements of Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Svo, 1 75 
• Rational Geometry . . . .. .. . . . . . . . . . . ................... 12mo, 1 so 
Hyde's 'Grassmann's Space Analysis..... . ................ . ......... 8vo, I oo 
,.. Jonnson's (J· B.) Three-place Logarithmic Tables: Vest-pocket si.:e, paper, 1 s 

• 
100 copies, 

Mounted on heavy cardboard, 8 to inches, 
5 00 

25 
10 copies, 2 oo 

Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus 
Large r2mo, J vol. 2 so 

Curve Tracing in Cartesian Co-ordinates . . ................. 12mo, 
Differential Equations ............. . ..............•.......... 8vo, 
Elementary Treatise on Differential Calculus ........... Large 12mo, 
Elementary Treatise on the Integral Calculus ..•.... . . . • Large 12mo, 

* Theoretical Mechanics . . . . . . . . . . . . . . . . . . • . . . . . . . . 12mo, 
Theory of Errors and the Method of Least Squares. . . . . . . . . . I 2mo, 
Treatise on Differential Calculus . . . . ............... Large 12mo, 
Treatise on tbe Integral Calculus ....................... Large 12mo, 
Treatise on Ordinary and Partial Differential Equations .. Large 12mo, 

1~ 

• 

I 00 
X 00 
J so 
I so 
3 00 
I 50 

3 00 
3 oo 
3 so 



Laplace's Philosophical Essay on Probabilities. (Truscott and Emory) .. 12mo, 2 oo 
* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables . . . . . . . . . . . . . . . . 8vo, J oo 
Trigonometry and Tables published separately . . . . . . . . . . . . . . . . Each, 2 oo 

• Ludlow's Logarithmic and Trigonometric Tables . . . . . . . . . . . . . . . . . . Svo, 1 oo 
Macfarlane's Vector Analysis and Quaternions .... ............. ...... Svo, 1 oo 
McMahon's Hyperbolic Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Svo, I oo 
Manning's Irrational Numbers and their Representation by Sequences and 

Series I zmo. I 2 5 
Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward. . . . . . . . . . . . . . . Octavo, each J oo 
No. 1. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper-
bolic Functions, by James McMahon. ll'o :;. Harmor:ic Func-
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
Wiiliam Woolsey Johnson. No. ro. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiskt>. 

Maurer'., Technical MJchanics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Svo, 4 oo 
Merriman's Method of Least Squares. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Svo, 2 oo 

Solution of Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... Svo, 1 oo 
Rlce and Johnson's Differential and Integral Calculus. 2 vols. in one. 

Large 12mo, 1 50 

Elementa.ry Treatise on the Differential Calculus ........... Large 12mo, 3 oo 
Smith's History of Modern Mathematics . . . . . . . . . . ................. Svo, 1 co 
.. Vi:blen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Svo, 2 oo 
* Waterbury's Vest Pocket Hand-Book of Mathematics for Engine rs. 

2' ~ s I inches, mor. 1 oo 
Weld's Determinations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Svo, 1 co 
Wood 's Elements of Co-ordinate Geometry ..•................ ....... Svo, 2 oo 
Woodward's Probability and Theory of Errors ........................ Svo, 1 oo 

MECHANICAL ENGINEERING. 

MATERIALS OF EN"GINEERING, STEA:\! EXGL\ ES ,\~D nnILEfiS. 

Bacon's Forge Practice .......................................... r 2mo, 1 50 
Baldwin's Steam Heating for Buildings .............. .............. 12mo, 2 so 
Bat r's Kinematics of Machinery ...................... •..... . ...... Svo, 2 50 
• Bartlett's Mechanical Drawing.. . . . ............................. Svo, 3 oo 
• " " " Abridged Ed ............... ......... Svo, 1 50 
Benjamin's Wrinkles and Recipes ............................... 12mo, 2 oo 
* Burr's Ancient and Modern Engineering and the Isthmi.in Canal ..... s,,o, 3 50 
Carpenter's Experimental Engineering. . • • . . . . . . . . . . . . . . . . . . . . . . . Svo, 6 00 

Heating and Ventilating Buildings. . . .. . . . . . . . . . . . . . . . . . . . . . . . . Svo, 4 oo 
Clerk's Gas and Oil Engine ................................. Large 12mo, 4 oo 
Compton's First Lessons in Metal Working .................... .... 12mo, 1 50 
Compton and De Groodt's Speed Lathe ............................ 12mo, 1 50 

Coolidge's Manual of Drawing. . . . . . . . . . . . . . . . . . . . . . . . ...... Svo, paper, 1 oo 
Coolidge and Freeman's Elements of General Drafting for Mechanical En-

gineers ........................ ..... .............. Oblong 4to, 2 50 
Cromwell's Treatise on Belts and Pulleys . ......... ................. 12 mo, 1 so 

Treatise on Toothed Gearing ............. .................... 12mo, x 50 
Durley's Kinematics of Machines .•............•.............. .. . ... Svo, 4 oo 
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* Iddings's Rock Minerals .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, s oo 
Johannsen's Determination of Rock-forming Minerals in Thin Sections .... 8vo, 4 oo 
* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe.12mo, 60 
Merrill's Non-metallic Minerals: Their Occurrence and Uses ••........ 8vo, 4 oo 

Stones fo r Building and Decoration..... . . . . . . ................ 8vo, 5 oo 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral T~sts. 
8vo. paper, so 

Tables of Minerals, Including the Use of Minerals and Statistics of 
Domestic Production ....................•.........•..••...... 8vo, r oo 

* Pirsson's Rocks and Rock Minerals ....................•• • ••••.. 12mo, .2 so 
* Richards's Synopsis of Mineral Characters ...............••.. 12mo, mor. x 25 
* Ries's Clays: Their Occurrence, Properties, and Uses .•... . .•........ 8vo, 5 oo 
* Tillman's Text-book of Important .11,!Jnerals and Rocks ......•.•...... Svo, 2 oo 

MINING. 

* Beard's Mine Gases and Explosions . ..... ..... ............ Large 12mo 
Boyd's Map of Southwest Viiginia ..................... Pocket-.iook corm 

Resources of Southwest Virginia .............................. Svo, 
* Crane's Gold and Silver .•............ ........ .................. 8vo, 
Douglas's Untechnical Addresses on Technical Subjects .............. 12mo 
Eissler's Modern High Explosives. . . . . . . . . ................... Rvo, 
Goesel's Minerals and Metals: A Reference Book ...•.......... 16mo, mor. 
Ihlseng's Manual of Mining ........................................ 8vo, 
* Des's Lead-smelting ...•........•............................... 12mo, 
Miller's Cyanide Process ................... ........... ........... 12mo, 
O'Driscoll's Notes on the Treatment of Gold Ores. . . . . . . . . . . . . . ...... l:v..:>, 
Peele's Compressed Air Plant for Mines . . . . . . . . . . . . . . . . . . . . . . . ..... 8\'o, 
Riemer' s Shaft Sinking Under Difficult Conditions. ( Corning and Peele) ... svo, 
Robine and Lenglen's Cyanide I ndustry. (Le Clerc). . . . . . . . . . . . . . . . 8vo, 
* Weaver's Military Explosives .............. ......... ............. . 8vo, 
Wilson's Chlorination Process .................................... 11mo. 

Cyanide Processes ....... ........... ................ .' ....... 12mo, 
Hydraulic and Placer Mining. 2d edi! ion, rewritten ............ 12mo, 
Treatise on Practical and Theoretical Mine Ventilation ..•........ 12mo, 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford Meeting, 
I 906 ............................ .............. .... . .... 8vo, 

Jamestown Meeting, x 907 ....... ..... ••..•••........ ........ 8vo, 
* Basbore's Outlines of Practical Sanitation ............•............ x 2mo, 

Sanitation of a Country House .............................. 12mo, 
Sanitation of Recreation Camps and Parks .................. 12mo, 

Folwell's Sewerage. (Designing, Comtruction, and Maintenance) ....... 8vo, 
Water-supply Engineering. . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 8vo, 

Fowler's Sewage Works Analyses .... . ...........•................ 12mo, 
Fuertes's Water-filtration Works .•..••............................ 12mo, 

Water and Public Health .•........•..•..•...•••............ x 2 mo, 
Gerhard's Guide to Sanitary House-inspection ...•.•................ 16mo, 
* Modem Baths and Bath Houses. . . . . • • . . • . . . • . . . . . . . . . . . . . . . . . 8vo, 

Sanitation of Public Buildings ....•....•• • .••.•........... .... 12mo, 
Hazen•s Clean Water and How to Get It . ............. ........ . Large 12mo, 

Filtration of Public Water-supplies ........................... 8vo, 
Kinnicut, Winslow and Pratt's Purification of Sewage. (In Press.) 
Leach's I nspection and Analysis of Food with Special Reference to State 

Control ..... ......... . .................................. Rvo, 
Mason's Examination of Water. (Chemical a:id Bacteriological) ...... 12mo, 

Water-supply. ( Considered Principally from a Sanitary Standpoint) .. 8vo, 
18 
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* Merriman's Elements of Sanitary Engineering •. . .••••... • ..• . ••.•.. 8vo, 
Ogden's Sewer Design . . ............................. . ............ 12mo, 
Parsons's Disposal of Municipal Refuse ............................ .. 8vo, 
Prescott and Winslow's Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis .• • ....•...• . ....•.. . ..... 12mo, 
* Price's Handbook on Sanitation ..•............ . .• . . . .•.......... 12ruo, 
Richards's Cost of Food. A Study in Dietaries ..................... 12mo, 

Cost of Living as Modified by Sanitary Science . • •... . ....•...... 12mo, 
Cost of Shelter .................................. . ......... . 12mo, 

* Richards and Williams's Dietary Computer ......................... 8vo, 
Richards and Woodman's Air, Wa-ter, and Food from a Sanitary Stand-

point. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8vo, 
Rideal's Disinfection and lhe Preservation of Food. . . . . • . . . . . . . . . . . . 8vo, 

Sewage and Bacterial Purification of Sewage. . . . . . . . . . . . . . . . . 8vo, 
Soper's Air and Ventilation of Subways . . •................... Large I'2mo, 
Turneaure and Russell's Public Water-supplies .... .................. . 8vo, 
Venable's Garbage Crematories in America ............................ 8vo, 

Method and Devices for Bacterial Treatment of Sewage ............ 8vo, 
Ward and Whipple's Freshwater Biology. (In Press.) 
Whipple's Microscopy of Drinking-water ...•.................. ...... 8vo, 
* Typhod Fever ....................................... Large 12mo, 

Value of Pure Water ... .......... ...........•.•.•... . Large 12mo, 
Winslow's Bacterial Classification. (In Press.) 
Winton's Microscopy of Vegetable Foods ..............• . •••••.•..•. . 8·,o, 

MISCELLANEOUS. 

Emmons's Geological Guide-book of the Rocky Mountain Excursion 0f the 
International Congress of Geologists •................. . Laree 8vo, 

Ferrel's Popular Treatise on the Winds .............................. 8vo, 
Fitzgerald's Boston Macw.nist ............•..... . .............. .. 18mo, 
Gannett's Statistical Abstract of the W orld ...................... .. . 24mo, 
Haines's American Railway Management. . . . . . . . . . . . . . . . ......... 12mo, 
* Hanusek's The Microscopy of Technical Products. (Winton) ....•...... 8vo, 
Ricketts's History of Rensselaer Polytechnic Institute 1824-1394. 

Large 12mo, 
Rotherham's Emphasized New Testament ............•..•...... Large 8vo, 
standage•s Decoration of Wood, Glass, Metal, etc ......... ~. . . .... 12mo, 
Thome's Structural and Physiological Botany. (Bennett) ............. 16mo, 
Westennaier' s Compendium of General Botany. (Schneider) ............ 8vo, 
Winslow's Elements of Applied Microscopy .............. : ......... 12u ,, 

HEBREW AND CHALDEE TEXT-BOOKS. 
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2 00 
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Green's Elementary Hebrew Grammar.. . . . . . . . . . . . . . . . . . . . . . . . . . . t2mo, 1 25 
Gesenius•s Hebrew and Chaldee Le:ricon to the Old Testament Scr•ptures. 

(Tregelles) ..•.. •..... . ...•........•. . ..•••• Small 4to, half mor. s oo 
• 19 






