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Road Construction:
techniques, method and means

* From footpaths to Interstates
— Foot paths: it is what it is
— Interstates: engineered transportation
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Roadway Enthusiasm
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Civil Engineering & Road Construction

* Critical components when designing a road:
— Cost
— Cost
— Cost because the most important result is:
— Return on investment
— Return on investment
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Civil Engineering & Road Construction

e Critical components when designhing a road:
— Route (follow the river, valley, etc.)
— Location (where to place the road — soil conditions)

— Ancillary infrastructure (grading, fill, culverts, :
embankments, bridges, tunnels, etc.) - |
— Slope (every degree of grade reduces efficiency) -
— Drainage 1
— Surface (based on traffic and load) . '
_ L
Cost n-
WLl 1N A

fppt.com



Civil Engineering & Road Construction
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Motivation for Road Construction

“The profits of such improvements are not confined to the proprietors of a road,
(whether towns, or companies remunerated for these expenditures by tolls) but are
shared by all who avail themselves of the increased facilities; consumers and producers,
as well as road-owners. If wheat be worth in a city a dollar per bushel, and if it cost 25 :
cents to transport it thither from a certain farming district, it will there necessarily 1
command only 75 cents. If now by improved roads the cost of carriage is reduced i
to 10 cents, the surplus 15 cents on each bushel is so much absolute gain to the 4
community, balanced only by the cost of improving the road. Supposing that 1
a toll of 5 cents will pay a fair dividend on this, there remains 10 cents per '
bushel to be divided between the producer and the consumer, enabling '
the former to sell his wheat at a higher price than before, while at the _ =
same time the latter obtains it at a less cost.” m P w
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Civil Engineering & Road Construction

* Slope

— “One important difference lies in the grades or
longitudinal slopes of a road. Suppose that a road
rises a hundred feet in the distance of two
thousand feet. Its ascending slope is then one in
twenty, and (as will be hereafter proven) one-
twentieth of the whole load drawn over it in one
direction, must be actually lifted up this entire
height of one hundred feet. But upon such a slope
a horse can draw only one half as much as he can
upon a level road, and two horses will be needed
on such a road to do the usual work of one.”
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Civil Engineering & Road Construction

e Surface

— “On a well-made road of broken stone, a horse can
draw three times as much as he can upon a gravel
road. By making, then, such a road as the former :
in the place of the latter, the expenses of transpor- '
tation will be reduced to one-third of their former -
amount, so that two-thirds will be completely |
saved, and two out of three of all the horses ‘
formerly employed can then be dispensed with.” ‘!

4
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Civil Engineering & Road Construction

LOCATION AND GRADER OF COUNTRY ROADA

Oonsiderations Governing Location.

Tue eoneiderations which sbould govern the Engineer in
locating the line of an ordinary wagon rosd are (1) the
present and proapective amount of trafie over the road ; (2)
ita gencral character, whether light or heavy ; (3) the con-
venience and neceasities of the community tribotary to the
line ; and (4) the natural featorea of the country throngh
whioh the road must paes. The Iabor of the preliminary
examination of the ground will be considerably lessened by
keeping in view a fow elementary prineiples, viz: (1) that
the natural waler courses are oot only the lowest lines, bat

the lines of the greatest longitndinal elope in the wvalleys

through which they flow ; {2) that the direction and poai- , /-~ W

tion of the principal atreams give also the direction and i of ﬂ"% A

approximate poeition of the high grouvod or ridges which lie S SR ;!

hatween them ; and (3) that the positions of the tributaries «-'Vyﬁ ‘_ -
‘?

to the larger streams generally indicate the points of
greatest depression in the summits of the ridges, and there- | Aﬁ ’ i
NS |




Civil Engineering & Road Construction

Classification of Roads.

Country roads, a8 distinguished from paved sfreefs in
cities and towns, may be classified with respect to their cov-
erings as follows :

1. Earth roads.

2. Corduroy roade.
Plank roads.
Gravel roads. ,
All broken stone (or Macadam) roads. e 4
6. Stone sub-pavement, with top layers of broken stonc 7o

;o

(Telford). 0 4;
7. Stone sub-pavement with top layers of broken stone WASS P
and of gravel. 7 . |
8. Stone sub-pavement with top layers of gravel. . L‘f
9. Rubble-stone bottom with top layers of broken stone, 1A L
gravel, or both, "v Ms
10. Concrete sub-pavement with top layers of broken

tone, 1, or both. _— it
‘ stone, gravel, or -ﬂ ”‘ i '



Early 20t Century Road Construction

Scientists and Inventors
. A

Roman pavement in section, showing local-stone wearing course (blue),
cambered hard filling (green), Roman concrete (yellow), waterproof layer of
stones (brown), compacted earth footing (red), retaining stones (A) and

drainage ditch (B).

18th-century French engincer Pierre Tresaguet is credited with the first 4
modern pavement design. Its 3-1/4 inch surface of small stones (blue)
covers a 6-3/4 inch course of large stone (yellow), resting on a foundation
of heavy stone (red) placed on a cambered footing. v
-LML‘ ’ ﬂ’-
A road pavement design by British engineer Thomas Telford. Its 2-inch-thick Paedl & i

gravel wearing surface (blue) rests on two layers of 2-1/2 stones, forming a The ad : )

¢ vy : o P Yan n aad¥an aof t o v
base course 20 inches deep in the middle (vellow). It rests on 6-3/4 @ B tﬂ-gﬂﬂ and di # t&gﬂ he & h—Fﬂ ament
inches of heavy stones (red). or ‘" bottoming,™ which ferms the characterietic ditference

betwaen the Telford and the Macadam ronds, hava bean the
subject of lemgthy discussion between the advocates of these

ki ——— two mwethods of road conatruction.
MacAdam's road pavement was simpler than some other versions, but iy - B 74
very effective. It comprised three layers -- wearing surface (blue), o B3 N ” w
base course (yellow), and footing (red) -- the first two of 2-inch stones ‘ ‘ - aaml ‘
resting on a footing of compacted cambered earth.




Roman Road Construction

typical road width
- 5.5-6 metres (18-20 feet)
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Roman Road Construction

SUmMmMUm Jorsum nuclkeus

|
diteh and gravel)

compacted sand —
or dry earth statumen
leveled ground (crushed rock)
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Civil Engineering & Road Construction

In France, fonr classes of roads mre preseribed as fol-
lowa @ Firaf, 66 feet wide of which 22 feet in the middle are
paved or stoped.  Second, 52 fect wide of which 20 fect are
ptoned. Third, 33 wide of which 10 feet in the middle are
staned ; and fourth, a width of 26 feet of which 16 feet in tho
middle are stoned.

Telford’s Hollvhead road, which runs throngh a hilly
conutry, 18 32 feet wide between the fenees on flat ground, 25
feot on side cuttings not excesding three feet deep, and 22
feet along steep and precipitous ground,

The Cumberland or Natiousl road in the United Statea
haa a prescribed width of 80 feet, but the prepared - road-
way ia only 30 feet wide

The Boman Military roads were narrow, being only 12
feet wide on the sfraight portions, and 16 feet upon curvea.




Civil Engineering & Road Construction

Upinione differ as to whether that portion of the carriago
way to be finished and maintained as & dirt rosd, shonld be
st the sides or in the middle. Heavy loads are apt to seek the
gides, in order that the driver may walk npon the foot path,
which fevors metaling the wings rather than the middle.




Civil Engineering & Road Construction

The following table, resnlting from trials made with a
dynamometer attached to a wagon moving at a slow pace
upon a level, gives the force of traction in pounds upon
several kinds of road-surfaces, in a fair condition ; the
weight of wagon and load being one ton of 2,240 pounds.

1. On best stone trackways...... crsasssns vs.ssss 123§ pounds. a

2. A good plank 108d.. .. ....reeverrnrasnanen.r.. 89 to 50 pounds. '

8. A cubical block pavement.............cv000e., B23t0 88 ¢ e 4

4. A Macadamized road of small broken stones. ... 65 pounds. g

B6. A Telford road, made with six inches of broken AV
stone of great hardness, laid on a foundation 3 4 ‘;
of large stones set as & pavement........... 48 pounds. Coig o

8. A road covered with six inches of broken stone 1‘1 “:
laid on concrete foundation....... fesrenana 48 ™ g

7. A road made with a thick ¢oating of gravel laid (e

On eArth. . evnrnrnnenns eeeranens eereaens 140 t0 147 pounds. | L ol
8. Acommonearthroad........co0nun. Ssinnmrens 200 poundsa, a



Civil Engineering & Road Construction

TABLE L.

[

Costr oF TrAansroRTATION BY HohsEs anD WaaconNs PER ToN-MILE ON
DIFFERENT RoOAD-COVERINGS,

Iron rall8. . . covevs srrencsranss sisrrscess 1.38 cents per ton-mile
Asphalt, . T AT | ) | e s
Btone, PEI."HL:IL, dry ﬂ.nr] in p,‘ﬁn:rrl mﬂm‘ e BED Lt L
. Rt ordinary condition.. Ve R 1 Ly
o £ covered with mod ......... 21.30 b = 1
Broken stone, dry and iv good order....... . B.00 1 & E 4
i [} I-“.'}-'”,L df if vE e IUIHU EN ir -
e L ordinary condition, ......... 11.84 E i <
] “  povered with mud..,......... 1480 £ i ié"
b Y roteand mud....eiaeiine.. 2600 e " ‘j
Earth, dry and bard .......... e e BN o A s i
LI T P s R e e L)) L i 7
CRT), BOBEE . v i i i LR g M -7 11X
i R e DB Y = i ;S‘“ X ;'
Plank, good condition....... e PR 8.80 £ Lk "ﬁ

B el e s e s R 32.60 gl i ﬁ
R i s s e e oA £R = L_,.I
%.w




Civil Engineering & Road Construction

TABLE Y.
ARsoRPTIVE PowER OF STOXNES, ETO.

Parcentage of water abzorbed,

Granites. ..e..u. i R R A R B N e 0.066 to 0-155
L R T R I P L e 0.08 * 0.18
Limestones. ccvivsssns T - L 0.20 “ 5.00
I i e e e 041 * 548
Brick, COMBON. . cocusngsinsssaangshagnat st snnasnnns 2.00 ** 25.00
PAVIOE (v cvcvnnrnnsnnnnssr. sansarnsarsacssaaa 15 * 800
T R R R L 10.00 ** 50.00
B L i m i A i A R TR 0 13 0.16 *“ 9.00
OIS . on om0 v v oy SRR S D = Impervious




Civil Engineering & Road Construction

TABLE IX.
SeeciFIc GRAVITY, WElGHT, AND REsmstaxcn T0 CRUSHING oF VARIOUS
SANDSTONEE.
i ifle Average “"?;?Em' nI:.:ﬁEilanuz to
Luﬂ&]li_r.ma Gravily. Eﬁg?g foot, Gper squﬁ}ﬁhl:hd,ﬂ
Potsdam (red), N. ¥...vcvannus 2.60 162.28 43 504
Medina, N. Y ...cooovvine vene 17,725
Malden (bluestone), N. ¥...... 2.75 171.47 i
Warsaw (bluestone), N, Y...... 2.68 167.10 ~.
AVRons X s 18,500
l:'j]‘tl.i;__;lt*]tllj Scotland.....oov.ess 2.45 158 5,287
Belleville, N. J.ccccasnssnanaan 2.56 159.67 11,700
]{zmm,Miun......,........... 11,675
Bemeca, Ohlo. ... cccvavsrencns 10, 500
Beren, OHID. s v s smuimminesas 2.57 160.08 10,250
Linle I'tl.l.l*s,h A e et v 9,850
Dorchester, New Hr:msmnk i 0,412
YVermilion, Ohfo...cc.ievunns. : 8,850
Mussillon, Ohio. .. covvineecenes B,750
Cleveland, Ohfo..... . .cvov-... 7,910
Abroath (pavement), anlmld 2.47 155 7.584
Marquette, Mich. . 2.58 158.17 7,450
Middletown {Pﬂﬂmnﬂ} Conn.. 2.62 163.48 6,850
North Amberst, Ohio.......... &, 650
Oxford (bluestone), N. Y....u.. 2.71 168.9 13.472
Food du Lac, Wis....ovv v vnnn. 6,250
Bristow, Va.....vus S P 2.61 163
Yorkshire, England............ 2.51 157 5,714
Warrensburg, Ohio. .. ..cxaeas. 5{.11]'0
Haversiraw, M. ¥.......000... 4.350
Derby Grit, England......o00.. 2.4 150 3,100
ﬁlmn gu (red), England........ 2.15 ig 2,185 ;
g BT R e e e e 2.62
5} —_— om0 “




Civil Engineering & Road Construction

T."'i R L I"_ -‘1:.

Proouction a¥D VALUE oF SAXDSTONE Fok STREET Uses 1y 1880, mv
BSTaTER: AND TERRITORIES*

Value per

Cubic Feet. Value. cubje foot.

Btates and Territories.

ATEANSAS. . vr vvvnncnnrsoe oirens 27,160 8215 | 0.30
G T T T e R 100 200 | 2 00

Colorado. . « coesvass vesaesennnasnas| 1,026 464 509,955 0.26
Connecticnt. . ....... e 40, 500 2 250 .06
i TP N L

8,840 Ba0
132,188
1.600
2.045

0.10
(.20
0.12
0,05

l'l"l‘-:'.................,.........,......
AT R S R 452 015
13,900
1":'.,-:'\.-":'

Rentneky..ovevvaus e e

Blaryland. ..: covcvumennsanasssnss |

Massachusetts..
BLICHIEAN. .« v ccvcnprrpinssnnnaanpuns

|J|:| I ,n.m
2,406

40,471
530

0.

L R e 8200 | 50 0.02
b 0

Ua

T v P SR al Bl 85, 204 0.7
L PR i, Hig a2 512 0.88
g ) L e e 10, 000 3,000 | .80

N Work . oo oicimies oavumannioeas 2,864,366 459,158 0.16

Ohio. e Y M v FRTata: 0. (T 1,603,614 430,553 | 0.27 .
Pewn m-.l.x-um',,,.,,,,,,.,,,,, e 304,907 175,082 | 0.20 \
West Virginin, .. ...oevvnnrneni.n. 42 (175 o374 | 0.53
Florida, Georgia, Nevada, Rhode |
Lelgnd, Vermont. .- vivreeecnnenns 13,865 2 660 0.19
A5 1) b - R B, 463,506 | §1,5832 822 #0823




Civil Engineering & Road Construction

TABLE VI.

BreEciFIc GravITY, WEIGHT, AND RESIBTANCE To CURUSHING oF VARIOUS
(FILANITER.

R — - —— — —

Specific | Avernge Weight, Resistance to

Localitivs. 3 r | ounds per ‘rushing, pounds
CEDATREY. . Euhlc j'.:;-[r_n., (er 1T u.‘ inch.
! |
Kirtland Rocks, Conn.......... .66 ' 166 | 23,000
Lord's Island, Conn. ceeeesrenas 24,000
Chaamont Bay, . Y.......... 2 65 | 162.2 22 700
Mystic River, Coun . 2,63 | 164.4 22,290
Sharke y'3 '[l_lmn ¥, Me. . RS 2.7 22,125
Richmond, Va.. ... " . 21,250 -
Huron Island, ""ll:l,h et | "‘ﬂ 630 _—
Rockport, "I-Lﬁs o ] 2,61 | 163.2 149,750
Port Deposit, }Jd. e SR , 19,750
Ondney, Maen, o e 2.66 166.2 | 19,500
B (T, T S et I 19,000
Hurricane Island, Me ... ... = 3.67 166.9 | 15,000
Mount Sorrel, England. ... +...] .87 167 12,800
Bay of Fundy, Canada......... 5 11,616 s
J'Lhu:let_u Beotland (gray).. 2.6 163 10, 900 | : - 4
: (red)...... 2.62 165 s = Ab ." A
Thlb]m,IsLInm!..... ..... e 10, 450 - B
New Haven, Conn...ocvisaasas 0,750 o pj }f
Uornlsh, Wales. .. .........-. .- 2. 66 166 6, 300
2.64

L e N : 163 5,340 ﬁ

Aﬁ-‘ﬂ’
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TABLE VII.
PRODUOTION AND T.H_.UI-JI OF GRANITE Fon STREET UseEs 1x 1530 %

l[?uh]it.- !fe"l-t-, E T]ahiq_:_ Value I'.'nmrher "r'ﬂ]fus Valus

States. |!l!_-.ri'.::i|”|:_g T‘}H:'Lr;lfl,:-g I.'EIIJIIL' Pa.w;'ling- '!‘aginr;- tl];:;-
blocks. | blocks, foot. blogks, blocks, gand,
A il Rl =
California....... 8,284,282 Eu-'“ﬁI,Blﬂi §0.17 | 7,808,321 207,236 540.70
Colorado..... e 1,100 | B e e
Connecticut.....| 567860 | 109,261 0.19 | 761,100 40,683/ 53.45
Delaware, ...... 155, B0 67,202 0.43 104,333 8,208 TB.67
Georgin.........| 638,603 | 230,684 0.33 | 1,509,952 84,951 53.10
Maige. ..., eeees| 3.786,541 | 927,040 0.25 [17,704.015 524,113 46,55
Maryland. ......| 1,051,010 123,058 0.12 286,950 10,310 85.93

Muassachusetts. . .| 1,475,003 4[5!3,1-1Ti 0,83 | 6,106,016 378,627 62.01
Minpesota.. .....| 848,840 141,554 0.42 | 1,230.000 68,045, 54.92
Missouri. .. v0ves 871,208 216,986) 0 25 | 4,323,150 216,986) 50,19
New Hampshire.| 1,157,992 252.956) 0.22 ) 2,043,789 H7 569 42.85
New Jersey,....| 2.080,796 236,310 0.11 |-3,999,912 168,500 42,14
New York...... 247 002 51,062 0.21 687,120 26,062 45.92
North Caroling..| 221,820 42,605 0.19 775, 000 84.200) 44.18
Oregon. ........] 117,400 80.200] 0.26 | 587,000 20,2000 51.45
Pennsylvania....| 1,508,486 868,523 0.18 | 3,836,127 241,793 63.03
Rhode 1zland....| 213.477 Go,B17] 0.81 | 781,765 45,817 58,61
South Carolina. .| 04 489 T B e
South Dakota,..| 601,000 170,685 0.28 | 3,017,500 170,604 56,57

Vermont........| 281,198 48,323 0 21 883, 006 45 643 51.69

Virginia. .......| 288,048 T:’S,UL&-‘}I 0.26 342,805 18,5056| 53,97

Wisconsin .. ... 1,285,000 223,825 0.17 | 5,540,000 159,075 32.82 >

T et [ e | —
Total,....., (20,683,211 lEl.ci.“;ﬂ.'ti'Jl &0, 22 Ei!,ﬁ::‘:.ﬂ,?i?‘]' $:!.9?6,IT'_EI$48_1'E :
| |
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IMPROVED GRANITE-BLOCK PAVEMENT.

GUTTER FORMED OF
3 ROWS OF BLOCKS
/-E»ET LONGITUDINALLY,

2y 214 P

b i 422 GURB 5*WIDE
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I P s T e e 1 TS g
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Civil Engineering & Road Construction

170. Method of Paying for Granite-block Pavements.—The
present system of paying for granite-block paving iz erroneous.
The contractor buys his blocks at so much a thousand, and sells
them at so much a square yard laid; thus it is his interest to have
as few blocks to the square yard as posgible and joints as large as he
can. Or he may purchase them from the stone man at so much a
square yard: in this ecase the stone man is interested in having as
few blocks as possible; as is also the contractor, for the fewer
blocks to be laid to the yard the more yards of paving will the
pavior lay in a day. thus Increasing the profits of the contractor.
In some cases the pavior is paid by the square yard of paving; then
it becomes his interest to have as few blocks to handle as possible
anid as wide joints as he may, thus increasing the number of square
yards of paving he can lay in a day, and thereby increasing his wages.
No matter how looked at, all parties concerned in furnishing and
laying the blocks are deeply interested in having as few blocks and M"’ F
as wide joints as possible to the square yard. As both of these are V4
serious defects, the temptation to adopt them should be removed.

Ai—‘iw

1




Civil Engineering & Road Construction

ExTENT AND CosT OF GURANITE-BLOCE PAVEMENTE IN SEVERAL OF THE
Prixciral CiTiEs oF THE UKITED STATES 1x 1880,

| ]
Clithes Extent, |  Caost of Construction
" Miles, | PET AQUATE YaTrd.

New York, N. ¥oororrevinnnnmnnal 140 00
Boston, BIASS. . ......ccc0 caicusnsnns 62,00

A
[E

350 to $4.50 4
2,96 4.00+

Beomelyn, B X o e 55,80 2.75 ‘
St. Louis, Mo.... .... seiiasesirsas 43.91 3.52 -

T R | e e SR 33,00 )]

e

Cinciooatl, Obio. ......ccccavuearees 80.00 .25

Washingtoo, I) O ... C...ciiicen 23. 20 285w 3.474

b ) ETEEE S 20.48 | 3.18 -
Richmond, ¥au...vovecirnaiirasians 16.58 ' 2.48 >
ST S 16.80 | 2.78t0 8.45+

oA e | e e LR 1536 .75

| A R T e e 10.00 lh.i:i[llw 2,25

e 4

Providence, IR. L...ccvcienven cass 9.20 | ..L]ﬂf o,
'I"rn}', T e R 1 < 12 .
Milwankee, Wis. .....cc0n ciriiiens 50 15 to 45

| =

o

Worcester, Mass. ... ....vv cevnrans 00 .25 ;

Omaba, Neb... .covvreennrnennsnn. .00 1.98 7

New Haven, Coul... . rvncisnsres ; .25 2 50 4 oA
Minneapolis, Mion........ccccuea... .16 1.80t0 2.57 i ‘fﬂl 1
Cumbridge, MBsS. .. ccou cvrrnnnrens it 220 . s 4 1

Tl R e g L 00

P 1

.:]:3 3 g ‘ . —

.50 @Vyﬁ ; ‘ AP 4

.15 . ; _

510 2.95 t6e v gbr-*’
4 g Aﬁ y i g

A B oma B 4 .

.}ﬂ‘ |

b i e e O O e e O =] =F 0D
=R =Sl

Los Angeles, Cal.......coovveuee .50

W o T T v e e .35

Nughwville, Tenn. .. ... oo oviinoo.n. [ .25 i}
Waterbury, Comn. . ....ovvvvnnissanns .10 L
S L] g T e (.39 2.10
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181. Wood Pavements and Death-rate.—A comparison of the
death rate in cities nsing wood pavements with that in cities where
little or no wood is employed seems to show that wood pavements
do not caunse an increase in the death-rate,

|
e ow | JRumeed,

17.48 Chicago JBD
25.19 New York 0
23.81 Boston 0
19.94 Philadelphia 1]
14.70 Detroit a1
16. 90 Milwaukes 43
23.70 Mashville 0
19.87 Atlanta 0

8.17 Duluth 85
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220. The cost of preparing the different varieties of asphaltum
for street pavement is nearly the same; and as all appear to be about
equally durable, the exclusive use of any oue of them is due merely
to the advantage in frpights.

GUSHION COAT

,ﬂ}j’/ﬂf A WEARING SURFACE
ey e

1 vk .\ GFM‘U’F[ ;
R -l:f‘f.rxféfff ///4"////-’ —erer r’.d“'f -'-r'f// e

FIG. 14.—SECTION OF TRINIDAD ASPHALT PAVEMENT,

| 4
' i |
Flia. 15—SECT!DN OF TRINIDAD ASPHALT ON ' g

BITUMINOUS BASE. lﬁv i
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EXTENT AND CosT oF AsPHaLT PAVEMENTS 1IN THE PRixcIPAL CITiEs
oF THE URITED BTATES 1IN 1840,

ciien B | e
Buffalo, N. Y.. R | 823,00 £5.00
W hml'r.nn D. C.. MR | 49.70 ;
}’llh'nhi;:hm Pa.. ..‘ 24.60 2.50
“mrl.hu.Nr_'b......,.,...,,,.....,., 15.55 2.98
Brotiklym W X viitiensen o v amim .42 |
Rochester, M. ¥....convvacinne ou 8.00 I
Puotrolt, Mich.. o.oaic e G.506 | 3.20
Utica, N. 'L 6.14 I
B Toeenh, Mo, . ov s .00 | 2.80
Lri'dq ].’lli Lm LR R R NE R R NN e EE lﬁ-ﬁs 3-{m
Chicago 1ii.. . 5.09 4.00
Toledo, hio. . 4.50 2.58
Bt. Paul, W o L 4.04 2.70
B TemmiE s Mo s e 3.05 2.97
Wew York, N. ¥ ... cciianaiisnnans 8.40 8.2510 4.50
Hoaton, MR S o m L e 2.%90 3.60
Harrisburg, Pa.....cocicaiivnaass 2.50 2.78
Syracuse, N. ¥........... AR iENEE. 1.7 2.70
Minneapolis, Mion........ iy (.08 2.70
Proxidenee: Bodla. .o iiisinie s 0.84 2.60
Schepectady, M, ¥....occvvunna - 0.75
T\'u-.wnrk,N.J.. O 0.5% 2.80
Troy, N. Y. .50
Albany, N. ¥ T ol 0.46
Ling J!Lngf_le,s Cal . 0.30 2.56
New Haven, Conn.. o T 0.25 2.0
Grand Rapids, MR 0.21 2.95
Milwaukoe, Wisiesescrnsansnnnnnss 0.16 2.65
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261, Omaha, Neb.—* Our temperature varies as much as 150
degrees Fahr,, between the extremes of summer and winter. We are
subject to rapid changes of temperature, which in the winter season
occasionally are as high as 60 degrees in twenty-four hours, Dong-
lass Street, which was paved in the fall of 1882 and spring of 1883,
has experienced a range of temperature of from 120 degrees in the
summer to 34 degrees below zero in the winter. . . . Our experience
is very favorable to asphalt pavements on all grades ranging from
6 inches to 4 feet rise per 100 feet, and I am not sure but that as
high as 5 or 6 feet per 100 feet may be favorably overcome. The
asphalt pavement is not as cheap as wood, but, in my opinion, a
preferable pavement upon permanently established and well-im-
proved streets. It iz not quite as easy for horses ag wood, but more
comfortable for those who ride, is more cleanly, and from a sanitary
standpoint far superior.”
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ExTEsT AND CosT oF Buick PAVEMENTE IN EEVERAL LOCALITIES IN
THE UNITED STATES 1IN 1800,

BRICE PAVEMENTS. |
CK 1 T8 Extent. Cost. of Construction

Citles. . Miles, pér square yard,
304, Brick, althongh one of the oldest materials used for
paving, was not employed for this purpose in the United States golumbus, OO ... o0 sereeeeenns a1..00 $1.75 to $2.35
until about twenty years ago. The first brick pavement laid in the Philnd;:!p]ﬁn, Pa.. .o o B ]l‘.g% 2.05
United H.tﬂ-tﬂs was in.UhsirlnEtu‘n, W. Va, in 1872, SillL:g then the Eﬂ:ﬁﬂ:; Il:mlul,.lllll‘. 6. 00 ©1.69
use of brick as a paving material has extended over a wide section Enlﬂdﬂ' I:t:iu ...................... 36"3 %.1{} -
2 T ~ walitian — Y - P A I'I'!Ii,'l.l“"lII Tﬁb...-a-- AaE mEmama s s 11 1:5 ()] .
of country : and in lﬂi_.lf.]li'l{.b with moderate traffic such pavements Parkersburg, W. Va...... o 20 1,00 to 1.40
appear to give satisfaction. Quing W o - o v swne sun uadibe) 2.00 1.80
Springfield, TIL .. .. Favn s o e areas 1.50 1.30
Bucyrus, Ohio...e..e b e AT 1.25 2,380
Rochester, New York.....o0e..- i 1.25 2. a5%
Treoton, M. J...60cvunns. W 1.00 200
Nashville, Tenn......... . n = ma e 0.75 1.35
Detroit, Mich. .. vavarins cannians 0.61 2.80
Chicngo, IlL...coiuriinairannianns 0.38 2.00
Bt. Fanl, Minn......iciiceresiauna 0.34 2.00
Comberlnd, Md......covvevecinas (.33 125
Wheeling, W. Va.....convecuaans { 10.00 1.00 to 1.41
. y 4 -— 5 .
ré’.}f'-»‘-f‘ ?
fv" P P L "bl\-'tpv

R P 4
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CosT oF BrogeEx-sToXE RoADS.

| Thickness Width of .
Locality. GEE[-E?::.:‘ ].‘!I.\-'L'irlﬂ?; . Method. F?::Lg"
Inches. Feat.
Bridgeport, Conn.... ...... 4 181020 | Macadam | $83,000
Fairfield, Conn....- ..0cuee 4 20 Macadam 5,000
.T:'unwuu-l.l Conn. . 12 16 Telford 9,530 -
Franklin T nwnslnp i 4 15 Macadam 4,700 o
Kingsion, R. I.. R g B 16 to 20 | Macadam 5,500 g
Linden ann%htp. I'm i 12 16 Telford 11,600 3
Plainfleld, N. J.. vasse| 41086 16 Macadam 3,000 ""
Rabhway, K. J. .cvvvveeen. 12 16 Telford 9,340 ‘j
Westfield, N. J....-.0..... 12 16 Telford 9,640 : ¥,
Union Township, N. J..... 12 18 Telford ] 11,900 7
7 _X
r; ﬁ-"
a L— _4
e

Ai_‘-%
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HxTERT AXD CosT OF BROGEN-STONE PAVEMENTS IN SOME OF THE
PrizcipaL CiTiES oF THE UXITED STATES 1IN 1890,

|
Cities, %‘}hﬂt‘ Cost per Bquare Yard.
i e e

Bt T D, s o v w e v = e w s 271.7 #0.51
L e T D n e e e oo 226.67 0.90* t0 1.70 4
Bogom INEE, o2 s s e s 172.00 0.7 to1.25
Nashville, TenD. .. cceeorcaranis s 111.00 0.45
Previdanee R T oo ioma oo 110.00
Philadelphia, Pa. . ...cocrivencus. 90, 80
Hartford, Conb.....ocvvver nonres G4. O 1.00
Bymacuse, NEg, 0L AR 50.00 0.69to 1.08
KRochester, N. ¥.... .cccvuvunnnne. 46.00 1.25
) 5T a0 0 i ) B o S 85,00 0.45 .
New Haven, Conn.c.vivirronennes 28 50 0.50 to1.25 p
New Borkr NE. el 25.584 1.00to1.50% .
Worcester, Mass. ......cocvvivares 20. 0
Combridge, Mass.. ... cooiniiinin.] 20.00 .70
Harrisburg, Pa.......... Gl Skl 20.00 X
%‘n!t}rdo. Ohig“.... et A 10.39 1.28

mrmon; Vi oot T.74 ~
Washington, I C...ovivnnnnnianndf .00 - j
Richmomd, ¥asca sl i 5.72 0.759§
UL R R e S 2.62 L4 4
Oswego, N. Y...... e S| 2.18
Al N e e na | 1.71 i
Milwaukee, Wis.......... o 8l 1.16
Loz Angeles, Calovo v covinnnas 1.00 1.17
Schenectady, N. ¥... covvrvannine 0.75 5
Cincinoati, Ohio. . cvevaivvionnnnes 1.259
Dt MR i i v v 44. 00
Jersey City, N.J......ovauuss Halerasy 1.50
East Saginaw, Mich..... e o 1.00
Springfield, Mass... s veees v 15.00
Chelsen, Maee . 0000 o 5.00
Dubngue, JoOWA. ieverave sresrrnns 34,60
Toronto, Can.....eouuq e 87.27
i, A o 20,00
I TR, T B R o 10,00
Bt Louts, Moy, sk ieia 18.83 ¢ 0.84
Newark, N. J.... 100nine i R 10.84 1.75
Kingston: M. X. i s i, 4.50
Toulado;: Ohlos s S oo b 1.11%
Prenbon: e e e 0. 60
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This method of drainage has been very suceessfully
spplied in reclaiming the f¢ Jersey Flats ™ between the cities
of Newark and Jersey City, New Jersey, a lurge tract of
mareh land with ifs natoral surface not higher than the
level of ordinary high tide, and in large part some inches
below that level. "These Flats were formerly aubject to
twice daily overflow, from the Passaic and Hackensack
rivers, iIn which the mean rae and fall of the tide is about
4 feet. The tract was surrounded by a dike or levee formed
along the margin of the stream, of the material oxcavated
from a wide open ditch parallel to iton the ingide. Numer-
oua broad cross ditches, dividing tho margh into parallelo-
grams, lead woto this main diteh. The seluices are located

at snitable intervals 20 28 to drain from the main ditch into ASS

both the Huokensack and the Pussaic rivers, The pipss = = 4 |
are uenally placed in pairs, and are of various gized, in only | ’iﬂ“ ‘
8 fow instances exceeding two feet in interior dinmeter. It © © 5 é«r

has been found that g difference of ons inch in the inzide . /
: )
und onside water level, will open or cloga the sluice-gates. i ’ i
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Small drains placed close together will drain the

Fua. 20,
road bed much more efficiently than larger ones of the same
sggregate water-way plawced further apart. A water-way of
2.8 tu 4 inches sectional ares, ench as may be obtained with

¥ fl.
three lines of whole bricke placed end to end as in Fig 22, 7 4

will generally be smple. The foll lines show one method of
L7 _1X1
. ;".V;ﬁ 5 ‘ R

‘ w 4 E
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Lm;yd'ud'mal Dike

By S ,
Srface of Koad o ”,‘A' \ ___________ 1/!3/_ Waler ..
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The following estimetes of the coat
per rod of these saveral kinda of drsios, i8 believed to be
fair, with labor at §1.75 per day, in etiff clay soils :

f
T drain, ]!rh:k1tr1- | Erlek drain, | Brick druin.
inchpipe | 180T % eonress

1ilow, drafm, and toond, | #10- » dln.

Fig. A1, Fige. 2, %8, | Flz 0.

= e —_—

Caotting and filllog $ cta § cis i «la,
ezl o T [ LD
Cogt of tilag, or hrickes

Total cnat per vod., ..




Construction Equipment

LooKING BAack

IN THE DAYS OF ELEVATING GRADERS, “TURNPIKING" DESCRIBED EXCAVATION

and embankment placement without using haulers, Here are two stroud Road Machinery
Heawvy Duty graders turnpiking a road embankment for an unidentified county in Kansas. Photo
courtesy of the Historical Construction Equipment Association (www.hcea.net)
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The proper speed of these
machines ia abont 200 revolations of the crank per minute.
They sre made of several aizes, Tegoiring engines of 4 to 12
horse power, and their working capacity vaties correspond-
ingly from 3 to ¥ enbic yarda of broken stone per hour. The
best size for breaking road material is one having a capacity
to receive stonea § to 9 inches thick and 14 to 15 inches wide.

7
o A ¥ A
uﬁ ﬁ’“ '

ﬁgu 4

_4

Ai_‘-%
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The Cubical Concrete Mixer,

This mixer, Fig, 64, consists of & cnbical box made of
hard-wood plank or beiler iron, measuring about four feet
on oech edge in the interior, rigidly mounted oo an iron

j’

'_.,_':‘. - III - ..-‘ 3
ﬁ | B ;Vq ‘ AU
axle pasaing throngh opposite disgunsl corners. It is B & 15 t g L— 4

,iﬁz,-'; |

provided with s trap door abont two fect aquare, close to ona

\ : * \

— | [ ‘

of the six angles farthest from the axle, for charging snd = . i ’
emptying the box. d L‘ ‘
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Fis. 4. 41 N}, }f—u

8 ‘_v,
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In Macadam’®s malored practice mpon the Bath and
Briatol roads, Eoglend, he did not sllow sny stong sbove
three ounces in weight {equal, with the material he hud, to
cobes of 1% inches or 2 inches in their longest diagonal
length) to be used. Ho cansed splinters and thin slicea and

gpalls to be exclnded as far as possible, and 1aid considerabla
atress upon uniformity of size, and perfect cleanlinese or

freedom from duet, sand, or earthy matter. The French
engineers, on the contrary, are indifferent a3 to cleanliness,
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Thickness of the Hoad-covering.

The thickness of the covering oeed not exceed 10 or 11
inches of well conzolidated materials on a good road bed, for
roads in cold climates subjected to the heaviest traffie. The
French road engineers consider ten inehes sufficient in
France, upon the most important roads, and 6, 7, and 8
inches where the traffic is comparatively light. Macadam
congiderad 10 inches of well compucted materials enough
for very heavy traffic, and gencrally advocates less thickness
than most Enplieh constroctors.  Bix inches for the mini-
mum &nd tem for the maximuom thicknesa appear to have
been his limite. In one instance he speske of a road which
“having heen allowed io wear down to only three inches,
this waa found aofficient to prevent the water from pomne-
trating, and thus to escape any injuory from frost,” and in
another, statea thet *“ gome new roads of sixinches in depth
were not at all affected by s very severe winter.”
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Shell Roads.

Upon the Bouth Atlsntio and the Gulf eoasta of the
United Biates, stone snitable for road coverings does not
exigt, and in moet localities good coarse gravel or pebbles
cannot be procured except at snch an outlay for tranaporta-
tion as to practically exclude their employment for rosd
construetion. Oyster shells, however, can generally be had
at from 4 to B cents per boshel, oxclosive of land hanlage,
and when applied directly upon sandy soil, ae & eovering, 8
to 10 inohes in thickness, they form an excellent road for
pleasnrg driving or light traffie. They wear much more rap-
idly, of course, than broken stone or gravel of good quality,
and Tequire more congtant supervision to keep them in good
order. When properly thaintained they possess most of the
espential requizites of a good rosd,
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Charooal Roads.

The novel expedient of nsing charcoal for road coverings
ia not likely to be resorled Lo except in newly settled, heavily
wooded districts, where the stending timber has no markst
value, and must be gutten rid of before the land can be
devoted to agricultural pursnits. A case iz mentioned in
Michigan whera & good road was made through s awampy
forest in the following manner :

“Timher from aix fo eighteen inches through is cut
twenty-four feet long, and piled up lengthwize in the centre
of the road, about five feet high, being nine feet wide at the
bottom and two at top, and then coversd with atraw and

earth in the manner of coal pits, The earth required to
cover the pile, teken from either side, leaves two good sized

ditches, and the timber though not split, is easily charred ;

snd when charred, the aarth is removed to the side of the

ditches, the coal reked down to & width of fifteen feet, leav-

ing it two feet thick at the centre and one at the sides, and

the road iz completed.” The material wea found to pack

well, not form into ruts, nor get soft and epengy in wet ,
weather, althongh the water was not drained from the 4
ditches. Ite cost was E660 per mile, and contracts for two :
such ronds were given out in Wisconsin at $49% and &520
per mile, respectively. (Bee Gillespie on Roads and Rail- - P
roads. )
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With suitable appliances, Jabor at #2.00 per day, natural
American hydranlic cement at #1.50, or Portland cement at
$4.00 per barrel, and refined asphaltic cement at 14 centa
per pound, an asphalt pavement of the kind deseribed on
page 183, and following, can be laid for #2.70 to 2,80 per
square yard, exclosive of profit to the contractor, as followa ;

Conerete Toandation 4 inches thick (lebor and material], §1.40 to §1.45
Asphelt covering 2 Inches thick do do._... 1.BD to L35

T PR 1\ S X |

Thie includes nothing for earth work, but supposes the
road bed to have Dbeen smitably excavated or filled in, as the
gase might be, in readiness for the minor adjostmenta of,
grade and eross section, preparatory to laying the foondation.
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“2. The Qualities essential to a good pavement may be stated as follows :
(1) It should be impervious.

(2) It should afford good foothold for horses.

(3) It should be hard and durable, so as to resist wear and disintegration.
(4) 1t should be adapted to every grade.

(5) It should suit every class of traffic.

(6) It should offer the minimum resistance to traction.

(7) 1t should be noiseless.

(8) It should yield neither dust nor mud.

(9) It should be easily cleaned.

(10) It should be cheap.”

ANK .

' S
s

-
Austin Bryne — |
5 d)
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Early 20th Century Road Construction

THE "IDEAL SECTION”

“Ideal Section™ - 1.5 miles - of
Lincoln Highway, completed 1923,
designed and bullt as a model for
road construction. Funded by
county. state, and U.S. Rubber Lo.
Features included 100 foot right-
of ~way, 40 foot p;_'v.h.':.l:l width, 10 11".-":I]
+teel-reinforced concrete, underground
drainaae. lighted, landscaped, hridge,
o __i r '.'15 r T 1.-1 -:-It h-,r,‘.:‘ :}_r B




Research

The General Society of
Mechanics & Tradesmen of
the City of New York

The General Society of Mechanics & Tradesmen of the City of New York
was founded in 1785 by the skilled craftsmen of the City. Today, this
231-year old organization continues to serve and improve the quality of
life of the people of the City of New York through its educational, & 4l
philanthropic and cultural programs including its tuition-free B = ¢ h
Mechanics Institute, The General Society Library and its nearly two- | ’; ‘]

b LK

century old Lecture Series. (20 W 44t Street, New York, NY)



Google Print (Project Ocean)

Google

This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project
to make the world’s books di scoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey from the
publisher to a library and finally to you.
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Lincoln Highway, completed 1923,
designed and built as a model for
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