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ment, and now the foremost men in every state have not only
given its revival their approval, but have aided its advance-
ment in every possible manner. President Roosevelt has pro-
nounced road improvement as a mark of those “solid, stable
qualities which tell for permanent greatness” in a nation. The
movement for improved highwavs has passed far bevond the
stage when it was seized upon by reformers and those whose
own interests demanded them and now claims as its friends the
best and most conservative business men of every community.

Railroad officials instead of opposing its advance on the
theory that it will result in less traffic by rail, realize that im-
proved public roads mean an increaseed amount of shipping
both to and from the farms, =o distributed that a continuity of
operation hitherto unknown will be possible. In fact much of
the increased popularity of the idea with all classes is due to
personal faith in the judgment and business discretion of leaders
n 1t.

Any marked improvement in the road situation in Iowa will
only come after a period during which men must be trained to
take up the work of road making and maintenance in a system-
atic way. It will be the aim of the Commission to keep constantly
in touch with the new methods and progressive ideas which are
introduced ; to experiment and test materials of construction ;
to conduct each year a school of instrifetion and to print and dis-
tribute from time to time such material as is thought will prove
helpful to the road officers of the state.
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[OWA HIGHWAY COMMISSION PLANS AND
PUBLICATIONS

The following list contains the bulletins and such material
which is sent out free of cost to road officers.

i Bulletin No. 6. “TaE Goop Roaps PrOBLEM IN Towa."”

2 Maxuvan ror lowa RoAp OFFICERS,

19oh REVISION,
1003 Edition now exhausted.

3. “Roap MAINTENANCE BY THE Diac Meraop. —This
hulletin contains cuts of the work done in the state, diagrams of
drags, ete., et

i Tlans for raniorced culverts and bridges of any style
or size wishied are prepared and blueprints sent out by the Com-
I1SSion.

5. The “19ofi PROCEEDINGS OF THE Goon Roaps AssoCia-
710x"" can be obtained by writing to the Commission.

In addition to these publications, Bulletin No. 1, Vol IT1,
“Tests of CEMENT” can be obtained from the Engineering Ex-
periment Station,

SECTION ONE.

GENERAL DATA RELATING TO PUBLIC ROADS

! MILEAGE AND CLASSIFICATION. In the state there are
approxminately 100,000 miles of public roads, averagmg some-
thing over 1000 miles per county. Of this number perhaps
twenty-five per cent. should be classed as mai traveled roads,
This would place no man over two miles from a main road run-
ning in each direction, and the great majority of the population.
would be within a mile or legs of a main traveled road. In starting
a system of improved roads for a county it is very important that
a map should be made, classifying roads into MAIN TRAVELED
ROADS. AND SECOND crAss roans, This classification is, at this
stage of development, sufficient. In some other states and in
France and such nations as have perfected their systems of
highway construction and maintenance, the classifications of the
roads is very distinct and much more complete but in this state
cuch detailed classification is not necessary at this time.

“RoAps OF THE FIRST CLASS will reach out in every direction
from the centers of population, and will enable everyone to enjoy
their use. They would become a common blessing benefiting alike
the farmer during any season of the vear to reach his town market
with his productions. They would diffuse the business of the
community through all days of the year. Mud would no longer
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| Acres FPounds I Miles | Ton-miles Honrs
Bridgewator Cor... .7 1,380.00 | 1.:00.00 K} ] T 3Re.35 : o
Fontanelle Cor, . .. ( 1,034.00 § 2 875 00 l 1.10 2.3%1.10 1 11'?“
Undon o..cooocoai ] 19,178.00 | 2000 69 417 INANETH 6. 04
Grand River....... ¢ 21,150.30 | 1.982.00 .20 { =8,162.30 a3
Harvieom odvdi veiinn | 285,027.00 | L98O.00 1000 i 38,5848 5 90
LInColn ...........f G3.387.00 [ 182406 | 440 | 1745106 | 410
R 7S s e wd { 1887500 | 205200 2,006 | 13.538.20 I 2.60
T IR e Y e [ 16,280,009 | 1,887,040 4.20 F4.635.15 3,80
Jeforson - ..o | 2357704 | LWOO0 [ 544 | 2331385 | €38
Greenfield ........, | 237500 | 214188 1. 40 1.200:45 | 1.0
Righland .. ..... ..] 20,875.00 { 201406 . T | IBE1L69 | 570
SUIMersst ..., ... ‘f 18, 283.00 | 206500 .11 11,137.040 2.59
Prussia . ...... ... 3527050 | 1.885.00 A.53 I1.274.75 2 5,78
e digitchivbiet | 1880100 | 1Na%00 | 431 39.554.28 | 4.30
Washingion ....... | 2835000 | 187000 §.00 19,858 06 473
qurksuu e e I 1 JHH86.50 1,884,800 L an { 13 . 551.00 4.14
Eureka ..., ‘ <1.585.00 § 1,850,060 | £.33 } 519200 | 3.a8
T A PR 17,256.50 | 1,006 00 LO0 | 15.575.00 400
GROVR ... ...iouien ] ZLAS100 | 1,87 4.00 .11 i 20,652.00 1.56
|
Total ......... 13882010 *37.240. *| 9613* [339.387.00° 8T.44*
Average .......| 17478 [ 1980, | 495 | 1786200 | 480
: — e e . — .'-'_'r ———— e e e B S
Avemge  Towl miles | . '
ADAIR COUNTY— A veruge | time re- traveled with. 10t miles | oo
e . (time per| quired 'outconsider. | trveled of &
TOWNSHIPS  ‘on mitle, per acre | stle load to ather than | miles of
. auling | market to market | lLight travel
e IMlnuti Minutes Miles ne qa_—eg Miles
ridgewater Cor., .| 14080 | 254.00 B ad 3o EAR BN I T
F:u?mul_-,uy Cor.. .. |i 102 00 i _:::;.n:a { }2:2 ::f; ‘ E;:;a:ﬁ{::: ]' 15-::;}33
R R Ear s s s | 38500 55,00 TEITRY IRTINT B3 ITH
Grand River,..... | <300 : .'-f.im :!«',ull:: ‘:'::*: : ia*- :?” :;I,: }’;3%1&22
Harrfson ........ L300 | 600 | 158,940 80 | 12384400 277 984,00
Lipeoln ..........1  BL00 |  49.00 | 10808000 | 13185200 | 237434 00
Orfent . ..........| 2;-1:;; 1] %;Jm | AT.088.00 ] 165,572 00 | 162,968 00
L =l S e Dy ‘ 20,00 $4. 252,00 s B02 i 5.15
JEMETEON v o ol | G1.00 131, 436,00 ffr:"::; 1::: ‘ 1,1*:‘114:1?:’::3;
Greenfield . ..... Th.00 22,80 11,840.00 | 0’23200 | 42162 60
Richland .. ... .. | 4900 | 4500 | 107.43%.00 | 11731560 | 294 74400
?‘l::l“;l:]i:.rwl ------ ' g‘]:_;":: g;. :m [l J6,856. 00 I 15.500.00 Iﬁ'ﬂ:;i:i“j”ﬂ
om W aa e b adb.0l ¢ D) 94,3368 00 32 Aud. D Uy
-‘ﬁ:aim;t ...... v G h.00 12% 00 5'1".47""‘:.1I:l | %i.-.f.'f:,i, :::: ':L;':%:‘H::
Washington ...... | A%.00 3700 l 02,574,400 S48 119 80 :9:,-';'.-,;'5,',
SUCREOR. o ise i 688,00 | 4700 ! 74.50%.60 e 3% TEH.00 132 285 0O
Bureks . ........ . 49 00 50.00 | 106.860,00 | 232'S64.00 | 389684 00
t:g:gllt ......... 63.00 B, 00 | Eh1d6.00 | 104, 26000 | 175 396.00
e s Wb aE {I WSO { i .60 1. #1.595 00 } 124,592, 00 216, 190,00
Total . ...,  [5248,90%)1 460 40%11 984G 2= | 5 MEK '
¥ re 20, 911511460, 1.389.%47 *TL985 388, * 3 334.654 »
__Average . .... 63.50 | 8.9 78,110 5‘ 102,388 : 175,508,

| '_I‘}:e summary of this table shows that in a conntv which is
essentially agricultural in character the amount of travel over
the roads is divided as follows

Tt}tﬂl miles traveled without {'mlsiilerahie loacl

o matket ... ... ... N st e W o B S 1.0945,388

Total miles traveled other than to market. ... 1. 380,207
Total miles traveled withont loads :
Tatal ton miles of hauling. .., .. .. 330.387
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1 The total farm acreage of this county is 360,224 and the
! actial number of acres reported on the census cards is 332,013
4 showing that over g3 per cent. of the total farm acreage has been
.[ reported on the cards from which this data has heen compiled
1 anmil that the results obtained from them must he considered fairly
f wcourate.  ‘The actual number of farms in this county is 2,387 and
.15 (hese results show that for the average Tarm there is from 130 to
} (20 ton miles of heavy haunling and about 1400 miles of hight
ovel mer vear. 1t will be seen that the important traffic from the
camdnnint i road improvement is not the heavy hauling bt
cather the lioht travel Taking the average time reguired per
ar mile. it means that the averge farmer only does heavy haul-
it ne about fificen day < per vear, while marketing his crops, hauling
‘ an average load oi 1000 pounds. I throngh road mmprovement
' he is enabled to haul a larger load the actual money saved
1 wotld nat be an enorimons sum as has heen claimed l.l} many cn-
r Thusiasts writing on this subject and who have deduced their esti-
i mates from data manifestly imadeguate. The travel 1o market and |
- the other light travel are without doubt the most jmportant |
| classes of traffic which the public roads carry and the value ol ‘
*] improvement must be based largely on the stimulus and bene- ‘
ficial results it gives to these two classes. |
'Irl The whole subject of the value of road improvement anil '
] the amount and kind of traffic over our public highways will be
i_{ raken up in a bulletin which will be issued as suon as the road o
‘ census cards have been tabulated for all the counties, or at Jeast { 14
1 for as many counties as will be necessary to give a fairly accurate
11 estimate.
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4. THE RELATION OF PRICES FOR AGRICULTURAL PRODUCTS
TO THE CONDITION OF THE HIGHWAYS, In the marketing of a
considerable amount of the farm produce, it is almost invariably
the rule that full loads are hauled, although the number of pounds
which constitute such a load is entirely dependent upon the
conditions of the roads. Althongh this hauling is fairly well
distributed throughout the year, the largest proportion is done
during the months that the roads are the most unreliable. It
is also during this time that the maximum prices are usually
reached, Market quotations are frequently so favorable when

the roads arve impassable that it is a positive financial loss to
farmers who are not able to deliver their crops to market. If
there is any relation between these prices for these products and
the condition of the road it is very desirable that this fact be
thoroughly understood. The accompanying diagram ( Fig. 1)
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has been prepared from records kept for the Civil Engineering
Department at a point in Woodbury County during the winter
of 1002-3.%

In this diagram the tractive resistance was estimated from
the reported condition of the roads and based on traction tests
which were being conducted at the same time. The highest
price for oats, corn and hogs occurred at the time that the roads
were in a practically impassable condition. This brings out very
graphically that a certain relation does exist between prices of

such products and the condition of the roads. More complete
records are now being kept in six represemative counties of
ihe state. which will give a much better insight into this relation.

Fioure Noo 2 shows the same general relation existing i

Harrison County, 1003-4. A series of diagrams plotted from
recurd hooks kept at a number of different points in the state will
be printed in a later publication of the Commission,

SECTION TWO.
TOPOGRAPHY OF 10WA

1. GENERAL TOPOGRAPHY. Towa is one of the prairie states
of the middle west. Ou the west its boundary is the Missouri
civer and on the east the great Mississippi. With the exception
of the comparatively rough country along both these streams, the
whole surface is a gentle undulating plain, rising toward the north
and west. The total difference in elevation across the state 1s
small. Detween the river level at Keokuk and Sidney, the highest
town in the state, there 18 a difference of about 1200 feet, and ot
this amount 100 feet is used in gaining the top of the cliffs along
the river.

Notwithstanding the seeming similarity of the geological
teatures of the state, from a roadmaker's viewpoint there are
ceveral distinet districts, cach presenting conditions considerably
different from the others. ‘

Nearly the whole surface of the state is a glaciated area and
the superficial features owe their formation to the great ice sheets
which swept over the state, now advancing and again retreating,
bt always depositing a great mass of glacial debris anel thus
giving the state a soil world famous for its fertihity.

O)i these ice invasions there have been at least five distinct
perinds, known as the pre-Kansas, the Kansan, the Ilinoian,
the lowan and the Wisconsin, Of these only three, the Kansan,
the lowan and the Wisconsin, are of particular ymportance to
the road builder. The northeastern corner of the state is the

*Thests work of Messrs, A, B. Chattin and E. McClaure.
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onlv unglaciated district. There a district, including Allamakee
county and parts of Clayton, Favette, Dubnque and Jackson
counties. stands out in all the ruggedness of the original topo-
graphy covered only with the wind-blown soil, or “loess” as 1t
is called.

In the accompanyving cut the principal drift areas are shown
1 outhine. Even a superficial examination of the map discloses
+ marked variation in the pumber and extent of the draipage

lines of the different arcas, which is a sure imdex to their respec-

Mhe drainase svstemssof the state belang to the M issours
i the M npi rivers, each taking the water from its side
of the oreat water shed which THns i1 & MOre oF less well defined
~otiese o Dickineon county southward to Wayne county so
that more than two thirds of the total area i the state belongs 1o
the Mississipp Jten

\fanv of the hills are covered by a thick laver ot loess

believed to have been deposited there by the winds. (See Figure
No. 3), The soil 18 the so-called “tvpical boulder clay” and
'« a mixture of all kinds of material, mcluding sand, clay, peb
hles. and boulders, all worked together m a gngle mass. The
weatheting of this material has produced the vellowish color
merging to shades of red and brown. The wind-blown portion
is a lighter colored ¢lay and in many places is only of shight
thickness

With such conditions the road problems of this area are
byvions. The roads have, almost withowt exception, heen opened
dong the section lines which run regardiess of hills and valleys.
There are many roads in this part of the state that are rarely
ssed on account of steep grades and yet the land lies useless.
This means an acre wasted every forty rods, besides the cost of
maintaining two lines of fence n place of one. The direct loss,
however, 1 these ]‘IL';.ILHU{TH e (ue to two causes, Iht‘ iI‘Ik.‘thHﬁL‘t’l
‘st of transportation and of road construction and mamtenance.
Without takmg up in detail the effect of heavy grades, 1t is
apparent that the maxmmum arade of a road will determine the
aze of the load that can be hauled mto town and wherever the
road crosses a series of hills, the cost of reducimg the maximum
orade to a reasonable one will in most cases be much greater than
1n entire relocation as has already been demonstrated in various
counties. Also the loess and the Kansan drift or till wash badly
1 as soon as the sod is broken with the road tools, the surface
vater hewins its destroying action and dangerous gutters or
ireniches may he washed in a road by a single heavy downpour
i rain.  There are no satisfactory methods for taking care of
the water that are not too expensive for practical use on the
roads with heavy grades in this district.
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There is practically no road material in this area except
along the streams andl in comparatively few places where the
Afton gravels outcrop. The road material carried by the Kansan
ice sheet has become thoroughly oxidized and weathered, but
the streams have carried a considerable amount of sand and
gravel into this region from the Wisconsin drift area, Stone
is found along the eastern border of this area and in a few
isolated quarries,

2. DRIFT AREAS. The problems presented by these dif-
ferent drainage and driit areas to read officers are so different
that a short review is given of the existing conditions in each area.

Tur Loess.—(Soil deposited by the wind). Along each
river is a district covered by soil which has evidently settled from
the atmosphere and varies in thickness from the high bluffs along
the Missouri river to a thin sheet that conforms with, rather than
changes, the existing topography of the southern counties. There
are, from the viewpoint of the soil chemist, three distinct types ot
this soil, that of the Missouri river, the second of the Mississippi.
and the third that lving between these two covering the Kansan
drift of southern lowa.

This soil is composed of finely divided particles yet very
porous and contains no road building material. The counties
covered by it correspond closely to the Kansan drift area.

Tai Kansax Drirr. As shown on the drift map the

Kansan dnift 15 predominant m lowa. The counties cov-
ered by it in the south, southwestern and western parts Ol
the state have the mature topography of extreme age. The

water and atmospheric agencies have moulded and shaped the
whole country into series of parallel ridges with narrow uplands
between them. Above the bottom lands the drainage is almost
perfect. Few if anv natural lakes or ponds exist and even the
gmall streams have almost numberless tributanes,

The soil or glacial debris, where it is left exposed by the
loess, is much more dense than the overlying laver. The extreme
age of this soil is shown by the decaved boulders which it con-
taing, many of which crumble readily between the fingers.

Tue Towax Drier. The Towan drift sheet followed the
Kansan and now covers a strip about three counties wide, extend-
ing from the north state line to Johnson and Cedar counties.
This section of the state represents the nuddle stage between the
new topography of the Wisconsin drift and the mature features
of the Kansan, The drainage lines. while well defined, are not
deep cut channels but shallow basins: and the divides, although
not well defined, contamn few undrained spots.  Here the section
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line roads encounter

freclumﬂ}'. The broad 1l priz m [}q | o ﬁ:
ficult problems in bridging grading. During seasons e
vear the streams spread over wide bottoms, often new
channels or changing the direction of the oid. There are counties
which are keeping up from vear to €a t ot
pile bridging which could be saved by a con Mider.
Many of these long bridges have grown from short spans of
perhaps sixteen feet by utting in new spans after the unpro-
tected embankment has n carried away by high water, In
some of the counties of this area careful amention has not been
paid to the foundations for the larger steel bridges and these,
too, have washed out, entailing serious loss.

e Wisconsiy Drirr. The youngest drift in the state is
that brought down by the Wisconsin ice sheet which pushed one
lobe, like a giant finger, from the north state line to Dallas and
Folk counties.  Capital Hill in Des Moines is one of the morainal
bills marking the southern edge of this ice invasion. The whole
tOpography m its immaturity is sharply contrasted to the mature
features of the Kansan drift area. The only naturally weil
drained areas are along the streams. A glance at ‘the drift
may indicate clearly the lack of drainage lines in north central
lowa. 1t has been well described by one writer as “a monot-
onous streteh of prairie, liberally dotted with undrained ponds,
sloughs and lakes,” Again, in this district the section lme loca-
ton plays havoc with the highways, but for quite a different
reason, for here it is the flat grades that make road building
difficult and costly,

Drainage is first of all the tmportant principle underlying
the agriculture of this region. Not drainage as applied Jocally
but of whole districts, mvolving large county ditches and miles of
sinaller tile drains. And s0 it 18 with road building, but as vet the
road officers have not in general applied their knowledge gained,
perhaps on their own farms, to the roads.

The divides between the streams are broad, roughly defined
areas almost entirely without drainage,

All along the borders of this area are the low hills marking
the terminal moraine of the Wisconsin ice sheet. Gravel is
abundant in many places along these hills, the gravel knobs being
quite characteristic of this morame. The rivers also of this
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region have deposited many banks of good gravel, and sand along
their courses. This supply of available road material has only
been developed and nsed m a desultory manner by most of the
counties. and there are only a few. notably among which are
Carroll and Greene counties, that have a fixed policy in road
mprovemens and which have permanent results to show for
the THOICY t'\}]-_ﬂ*'ﬂtl.

SECTION THREE.

'S ROAD LAWS

TISTORY AND DEVELOPMENT OF ROAD LEGISLA-
10N IN THE STATE

'he development o1 the svstem of laws for any ]n"i‘li:t‘ 15

s icative Iy 11 may be read ihe unfolding ot the ideals of

guvermment as the country gTOWS older and living becomes
more COmMpiex In the same wa) the laws relative to any par-
tenlar governmental activity will reflect the attitude taken to-
wards 1t in each succeeding generation. The ideals, however,
oterited and acquired. which are the forces persnading and
compelling men to eek higher planes of action, must always
be h'np-._ﬁ.ri and, 1 a4 measurc, defeated by certamn purmn:ﬂ
limitations and mterests. The resulting measures arc often a
curious compromise shown <ometimes in the form but more
aften in the application of these mMeasures which is strikingly
apparent 1 the history of Towa's road laws. These deviations
are nol the true expression of the purposes of the laws and
{or this reason can only delay the forward movement.

Pletore attemp 9 a0 I L -1_ o the ‘evel pn I of the SV S~
tem of road laws in Towa, it 15 desirable that the political history
andl status of the state should he clearly understood.

[n April, 1682, La Salle ook possession of the Mississippi

and all the country watered by its tributaries in the name of
Louis X1V of France. After the fall of Quebec in 1759, by
the treaty of Paris all the country between the Mississippl river
and the Rocky Mountains was transferred to Spain but by secret
treaty in 1800, France again regained control of the country
which was purchased by the United States in 1803; one Vear
later this iand was divided into the Territory of Orleans and the
District of Lounisiana. The former 3§ these was organized under
a complete territorial government while the District was placed
comewhat indefinitely under the control of the Governor and
judges of the Territory of Indiana. The people of Louisiana
were so disatisfied with the form of government that in 1803
they were organized into an independent territory and were re-
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organized i 1812 as the Territory of Missouri. When Missouri
was admitted to the Union in 1812, no provisions seem to haye
been made for the remainder of Louisiana north and west of

i
that state. The region was left in this mdefinite condition until
Congress in 1834 made it a part of the Territory of Michigan
for the purposes of temporary government. Two vears later
the Ternitory of Wisconsin was established angl the inhabitants
of Iowa came under a regularly organized government. At this
time the growth of the papulation in this region was so rapud that
i 1338 the Territory of lowa was created

The territories were given broad powers of legislation, the
only limitation being that they should “extend to all right g
subtects of legislation.” The subject of road laws was ene of
the first to be considered as a proper one for legislatior and in
the first cession of the Lewislative Assembly, held at Rurlington
in IR38-30, were chacted the hrst road laws of lowa.

. ROAD LEGISLATION. (1838 to 1857.) The first of

these acts is given in full becayse those following were very
sumlar:

“An Act, 1o locate and establish a Territorial Road from
Kenkuk, on the Mississippi River, to Iowa City, on the Des
Maoines River.

“Sec, 1, Be it enzcted by the Couneil and the House of Represen-
ta tlves of the Territory of lowa; that Jemes Lutton, Juoseph Rohb,
and James MeMurry be ang they are hereby appointed commilssioners
to loeate and mark a Territorial Road, comuencing at Keokuk, in Lee
County, on the Mississippl River, thence to the horse tail réach, on the
Des Molnes River, thence up sald river as near as practicable to lows
City, on sald river, passing through Farmington, New Lexingion, Ben-
tonsport, Coluambus ang Philadelphia, in the county of Van Buren

‘See. 2. And be it further enacted that the commissioners afore-
sald, or any two of them. shall meet at Keokuk on the first day of June
next, far the purpose of | roceeding to the discharge of thelr duties. as
commissionars aforesaid, and that they be and hereby are authorized
to adjourn from time to time and from place to place, as they may
agree and determine; and that in case sald commissioners may have
adjourned, then let tha sherifi of Lee County be authorized and he is
liereby required an the appllcation of any of said commissioners, either
written or verbal, to notity in writing said commissioners of some

other day, to be by him appointed, and request their attendance on
such day at the place aforesaid.

Approved. December 14, 1838

TErrITORIAL RoAp Laws This
to the legislators the need of
and so later in the session th

“An Act to proyide
l{f‘!ﬂljﬁ,

“See. 1. Be it enaeted by

tives ¢f the Territory of lowa,
after located and establis

act evidently pointed out
a general law covering such erounds
e following act was passed

tor laving and opening Territorial

the Council and House of Representa-
that all Territorial Roads to be here-
hed within this Territory shall be viewed, sur-
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three men in each township was provided to transact the town-
ship business, and were called township trustees. Without at-
tempting to quote these in full, they are as follows - (Chapter
154).

“See. 1. The township trustees shall meot agd divide theiir re-

spective townships into a8 many road districts as they may deem nec-
essary.

“Sec. 2. A supervisor shall be elected from each road district to
hold office for cue vear.

“Sec. 3. The township clerk shall notify the supervisor of his
election and shall administer the oath of ofice 1o him.
“Sec. ., The supervisor shall require all able bodisd male resi-

dents of his distriet to perform two days' laber on the public high-
WAaVs,

“Sec. 8. The supervisor shall perform the same amount of labor

as Is required of the able bodied man, for whicth he sha!l be allowed
one dallor and fifty cents per day,

“Sec, 12. The township trustees shall determine the amount af
property tax to be levied for roads, bridges. plows and serapers which
shall nol be less than one nor more than three mills on the dollar of
the rawnship assessment for that vear,

“Sec. 14. The township clerk shall make an entry of the tax list

showing what it is and for what road district, and require the Super-
visor to collect the same.

“See, 17. The supervisor shall superintend all road work in his
district and (Section 18) shall report the same, ™

Tie Bosrp oF SUPERVISORS.  The revised Code provided
that the duties and power af the COUM Y Commissioners under the
territorial form of rovernment should be vested i a county
court which also had jurisdiction in probate. The Eighth General
Assembly, which met in 1800 created the county board of super-
visors. The duties of the territorial commissioners were taken
from the county court and given o this new
which specific duties were the folloy g

To lay out, establish, alter or discontinuc any county roads
hetetofore or now laid out or hereafter to be laid out, through or
within their respective counties as may be provided for by law.

To provide for the erection of all bridges which mav b
necessary and which the public convenience may require within
their respective counties, and to keep the same in re pair

It will be seen by reference to these laws that they gave the
supwvisrrrs gentral rt-l:liwer‘s'iﬁit.:n over the |1£_£:hn-':1}.-;, nh;‘ith—'lirl;{ the
bridges, and the trustees the power to levy the taxes necessary

board. among

for keeping the roads, including smaller cnlverts. in repatr, whilc
the Board of Supervisors was entrusted with levving the taxes

for the more important bridges.

3+ NEW ROAD LAWS, including those passed and revised
by the 3ist General Assembly, 1906, e lqu < given in the

: - ; !‘};‘{ =
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H.F. 15

An act to provide for improving the public highways by the use

of the road drag.
Be it enacted by the Gemeral Assembly of the State of lowa.

Section 1. On and after the passage of this act, the town-
<hip trustees are hereby authorized to have work done upon the
public highways by use of a road drag to be approved by said
[rustees.

Jectioft 2. The trustees shall have the road drag used
upon the public highway under the direction of the road super-

ntendent when in their judgment the road would be improved
thereby.  In choice of persons to do the work, preference shall
be given other things being equal to the occupants of the land

ahutting tipon the road at the point where the work is to be
done. Provided that when there is more than one occupant the
superintendent may decide to which the preference shall be given,
Reasonable compensation shall be allowed for such work, but
‘n case shall it succeed fiftv cents per mile for each time same
is dragged; and there shall not be expended therefor more than
five dollars (85) per mile for any mile on which said work Is
done during any one vear.

Qeetion 3. 'This act, being deemed of immediate impaortance,
<hall be in force from and after its publication in the Register and
Leader and the Des Moines Daily Capital, newspapers published
i Des Momes, lowa,

Approved February 14, A. D. 1906,

While this law definitelv provides that payments shall be
made at a rate not to exceed fifty cents per mile per time dragged,
it is helng interpreted by many of the trustees to mean that anv-
ane who takes care of his road with a King drag shall be paid
five dollars per mile per vear. As the law stands it provides a
very reasonahle compensation for doing this work, and although
m many cases the flat rate of five dollars per mile might resuit
' much more than this amount of work being given to the road,
in general it would result in the dissipation of the road funds
without adequate returns.

This law was passed to do away with the objection to the
use of the drag made by some that the farmers should not pay
their taxes and also help keep the road in repair without proper
campensation. While the old law gave the trustees ient
anthority to pay for having the work dane, there were those who
were opposed to this idea of road maintenance and sought to
evade their responsibility in the matter by raising lega ob-
jections. The law, as it stands, does away with such objections
and makes the duty of the trustees clear, and the road officers
hould be careful to interpret its pfovisions in such a manner as
to render them economical and effectual.
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The following form is suggested for use as a contract be-
tween the trustees and the men who are to do the work

CONTRACT FOR CARE OF PUBLIC ROADS

RETWERN |
BOARD OF TRUSTEES OF
............ Cesabwe maemanen s s s TOWTSHID
AND

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Under H. F. 15, Laws of the 3tst General Assembly.

We (o T),: oy haen WP A Sl o M e £, T , agree
to make and use a drag during the vear. .. .. .. L1906 10 ... .. o
1907 at the rate of ... ... .. cents per mile per time dragged, sub-

ject to the following conditions :
r. The drag shall be approved by the road superintendent,
2. The road will be dragged as soon after a rain as the
earth will work away from the front of the drag, without balling,
but while it is still moist.

S iy o R g e
LSRR s o e s 5 s 1606,
Approved :—Board of Trustees,
o5 QUL RSN N T2 BRI R 0 5 T

Chairman.

Tae New Wme Tire Act. The action of the drag in
throwing a little earth toward the center of the road each time
it is used is supplemented by the rolling and compacting action of
the traffic and the horses' hoofs. and the two together are neces-
sary to build up a hard, impervious crown on the traveled way.
The last legislature recognized this fact when it passed the law
providing for the refunding of road taxes to anvone who should
use nothing but wide tired wagons on the road. The bill reads
as follows;

] S. F. No. 6. A acl 1o encourage the wse of wagons with
wide tires on public highways and providing for a rebate of a
portion of their road tax to persons using wagons with wide tires
not less than three inches in width when hauling heavy loads on

the public f:f'ghtvu_\'.t of this state. Be it enacted by the General
Assembly of the state of lowa;:

Section 1. That all persons who shall in good faith use
wagons on the public highways of this state with tires not less
than three inches in width. for hauling loads exceeding eight
hundred pounds in weight, for the vear ending the first day of
July, nineteen hundred and seven (1907) and each succeeding
year thereafter, shall receive a rebate of one-fourth (1-4) of
their assessed highway tax for that vear, and in like manner
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four mills and to expend the same on the public highways.
For the money so raised they are required to account to the
board of supervisors, the same to be approved by them and pub-
lished in their proceedings.

Towxsurp CrLErk. This officer acts in the capacity of sec-
retary to the board of trustees, and the law now requires the
county treasurer to pay over to him the road taxes for the town-
ship. He is required to make a report of all delinquent road
taxes to the county auditor; to certify to the anditor the prop-
erty road tax levied by the board of trustees; to make out and
deliver to the superintendent of roads, a list of all persons re-
quired to pay road and poll taxes; to make to the board of super-
visors, on the first Monday in each vear. a “full and itemized
account”” for the board of trystees of all their receipts and ex
ditures during the preceding year, and to have custody of all the
general township fund and of all the road machinery,

Tue Roap SUPERINTENDENT. The road superintendent is
required to expend the road money of the township under the
direction of the trustees and to report the same in itemized state-
ment to the township clerk on the first Monday of April and of
November of each year.

5. ADMINISTRATION OF ROAD FUNDS, Tu a general way the
method provided by law and the officers necessary for carrving
out its provisions are given in the preceding articles. Tt is a well
established fact, however, that lax business methods prevail in
expending and accounting for a large proportion of the taxes
raised for road and bridge purposes, It is quite impossible to g0
mto the average county and find adequate records of money paid
out by the road officers.

he bridge work in different counties is et by contract or
put 1 by day labor under the supervision of the board of super-
visors, The practice is not uniform in the state but there are
a number of the important peoints to be abserved in bridge work
which quite generally receive very litile attention.

When the work is let by contract an mspector should be pro-
vided by the board of supervisors to act as their representative on
the work and to keep a full and accurate acconnt of e¢ach dav’s
progress. The points which he should have carefully in mind
are the foundations, the material furnished. the workmanship, the
painting, and the recording. The data to be recorded is siven in
a following paragraph. '

If the work is put in by dav-labor the same points should
be just as carefully observed and a competent foreman should
first be secured to take charge of the work. The Commission
offers its services to any counties to help in securing men to

.,
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inspect on work they are putting in or to act as foreman to take
charge of county or township bridge work.

County Bridge Fund, It is suggested that the following
items be taken into consideration in recording the receipt and
expenditure of bridge funds each year:

Receipts.

Amount of bridge funds on hand at beginning of fscal year.

Received ifrom county treasurer.

Amounts received from sale of old material.

Expenditures. ‘These should be classed under two heads and
itemized as follows:

N e HJ'.’r.'YI;_‘L'.f.

Span.
Name of builder.
Superstructure.
Material,
L'nit cost.
Total cost.
Foundations.
Piers.
Material.
Unit cost.
Tﬁ{}].] COst.
Abutments,
Material.
Unit cost.
Total cost.

Repairs.

Material.
Labor.

In order to promote economical and efficient handling of
county funds it is highly important to keep records similar to
these from vear to vear which will show the cost of the bridge
work to the county and thus bring into comparison the adminis-
tration of road supervisors as they succeed each other. i there
is a considerable change from vear to year the records would
show the reason for this, Such records would also be valuable
in showing the number of structures, their size, first cost, and cost
of maintenance. Whenever large contracts are let or the board
is in doubt as to the best methods or materials to use in bridge
work some competent engineer should be employed, The loss
each year due to incompetent handling of these funds is a serious
drain.

County Road Fund. The county road fund, although one
mill only, has been in same counties used to such good advantage

that seemingly more permanent results have been accomplished]
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with it than with the four mill township levy. In some counties
this funtd is used for improving important roads by grading,
graveling or macadamizing. In other counties it has been used
to help out the bridge fund in constructing permanent culverts.
These are exceptions, however, as in most of the counties this
fund has been dissipated in much the same manner as have the
township funds.

Where contracts are let for road work they should show
the cost, unit and total, of the labor, materal such as tile, gravel,
etc., the amount of read improved, and its location. Other ex-
penditures, such as machinery, repairs and such items sheuald be
carefullv reported together with the date, and the supervisor in
charge of the work. The fund should be distributed as fairly as
possible by each supervisor in his district but in conjunction with
the other supervisors toward a system of roads already planned
for the county.

Township Road Fund. The new road law gives promise of
some excellent results, but the practical working of the same has
been such as to merit a thorongh discussion of some of the prin-
ciples involved. In the first place the order of new provisions of
the law will be taken up as tully as possible as there seems to be
a very serious lack of information on this subject.

Tue Townswmie, THE Unit Roap Districr. The act makes it
mandatory upon the board of trustees to constitute each civil
township into one road district.  In a number of places this plan
has not heen followed and thus the first requirement of the law
has been violated. The old law gave the power of discretion to
the trustees as to whether the township should he made into one
road district but the new law takes awav this right and makes the
township the only legal road district.

Tue Gexeral, Towxsiir Roap Fusn, The maximum levy
property for this fund 1s four mills and was formerly optional as
to whether it should be paid in cash or labor but the new law
takes away this right of choice and requires the taxes to be paid
in cash and to be collected as are the other taxes. [t now con-
stitutes the general township road fund out of which all claims
for labor or material for the township shall be paid. “Under the
old law all road taxes in the townships where there was no con-
solidation of the road taxes were pavahble with the first install-
ment of the county and state taxes, while the road taxes in
townships where there had been this consolidation were pavable
in two installments, as were the other taxes.” i

As the law now stands it is the duty of the township clerk
within tour wecks after the township trustees have levied the
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property road tax to certify the same to the county auditor who
shall enter it upon the tax lists for collection by the county treas-
urer in one mstallment.™

PayamesT 10 Townsmipr CLerk.  The county treasurer is re-
quired to pay over to the township clerk on the last Monday in
April and October of each year all the road taxes belonging to
that township and to receive a duplicate receipt for the same,
ome of which he shall retain and one of which he shall deliver to
the trustees before the frst Monday in May or November of
tat vear.

ExpenpiTore or TowssHir Fuxps. The township trustees
ire required to spend this money by one of two methods: (1)
They may let the work by contract to the lowest responsible bid-
der. or. (2) They may appoint road superintendents who shall
be subject to their directions but who shall oversee the work.
This section of the law has been very seriously misconstrued.

(1) When all or any part of the work is let by contract the
trustees have supervision of the work to the extent of requiring
the contract to be fully and carefully executed, but they are not
eligible to take the contract cither collectively or indieidually.
This system for letting all or any part of the work as may be
done under the law is a good one when properly executed, In
many townships, however, contracts have been let in such a man-
ner that they have defeated their own purpose. Road contracts
should never be let through competitive bids in which the units
upon which the bids are made are the day labor of a man and of
a man and team. The onlv object for letting a contract is to ac-
complish a certain piece of work economically and well and at a
certain total cost which is known before the work is begun. The
dav labor contract is diametrically opposed to each of these.
When this method is followed the lowest bids will always be lower
than the real market value of efficient labor, whether of man or
team. This being true a man who bids lower than these values
must furnish second rate labor even to pay expenses. Also this
method of letting contracts puts a premium upon slow work
and there is no way to determine beforehand what the final cost
of anv piece of work will be. In letting work by contract the
trustees should have an estimate prepared by a competent en-
gineer of the number of yards of earth to be moved, culverts
to be constructed, tiling to be done, and all the work necessary
to make a finished job. An advertisement for bids should be
inserted in the papers for a certain period of time. On the
date set all the bids should be opened and the contrart let to
the lowest responsible bidder. The contractor whose bid 1s ac-
cepted should be required to furnish bond of sufficient amount
to guarantee the faithful performance of the work.
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(2) If the trustees decide to have the work done under the
supervision of road superintendents, men should be selected for
their qualifications along that line. The law as revised by the
31st General Assembly provides that not more than four men
may be employed for this work. The best results have been
secured so far in townships where one man had direction of the
whole work., Township trustees or other totenship or county
ofticers are not eligible for this office. “These men and all public
officers should at all times stand in an adversary position to the
persons to whom the work of construction work is let and under
ne circumstances should they be in any manner interested there-
m.”  Neither should they be hired by the township superintendent
to wark on the roads, as that Puts them i the position of em-
ployee, while they are required by this act o supervise the work
of the Superintendent and 10 demand that the money be spent in
@ competent manner on the roads. 1t would be better to have
but one superintendent for the township and let him have if
necessary a number of assistants in other parts to take care of
minor repairs. The more the work is concentrated under one
man, the more economical will he the administration of the road
funds, provided a competent man je selected. The funds of the
average township amounts to about $1.200 per yvear and if this
amount is divided among three or four superintendents, the per-
manent results accomplished by each will be a RO, his
method is little better than the old labor svstemn,  In some cases,
as where a river divides 2 township or some similar local condition
Is imposed, it is necessary to have two stipermtendents but not

more.  As has been said. the trustee is not eligible ta become the

Superintendent of Roads, aithough this is being done in a number

of cases. In one case where the tow nship recorils were examined

by the Commission it was found that the three trustees had

divided the money equally among themselves bt the road work

showed very pPoor management of road funds and practically no

good was accomplished with about $1,500 which was spen} on

the roads during the vear, The excuse is given that it is clearly

opposed to the law and contrary to public policy for the trustees

to elect themselves to office. keep their own time and audit their

own bills. If a trustee wishes to become superintendent of roads,

he should first resign as trustee.

County Financial Report. Chapter TI1 of the laws of
the 29th General Assembly require the auditor to publish each
vear, during the month of Januarv, the financial report of the
county, which the supervisors shall order printed in pamphlet
form, and distributed among the tax pavers of the tounty, The
law states definitely large number of itemized accounts which
are to be included in this report which do not need 1o be mention-
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ed in detail. The law clearly intends this report to include a rec-
ord of all the transactions of the county and township officials
for the information of the tax payvers of the county. Some coun-
ties have not begun to issue these reports. In other counties
these have been compiled in such a way that they give very little
if anv information to the tax paver as to the expenditure of the
funds raised, and it is questionable if some of them are worthy
of distribution as a source of information along this line. Such
a report is clearly intended to convey information concerning the
kind of work done and the amount accomplished with the differ-
ent funds, and if 1t does not do this 1t fails in its purpose com-
pletelv. This report should be so given that anyone looking
aver it will know for what purposes the money was spent. This
applies equally wcll to the bridge fund or to any of the other
county funds., A large proportion of these reports do not con-
tain even a mention of the expenditures of the township road fund
and the law clearly contemplates that the report of the township
trustees should be embodied in such a pamphlet. Neither are the
reports of the township trustees always printed in the newspa-
pers under the proceedings of the board of supervisors as the
law requires. Often times no report of this fund is made that
the public may know in what way the money is being spent.
This lack has probably helped to make the trustees more careless
in the reports which they hand in, and it is probably true that
many of the county auditors do not print some of these reports.
They are clearly of no value. In a large number of cases the
trustees have not even made a report and it has been found by
the Commission to be quite the common thing for a connty auditor
to have only fifty per cent of the reports from the townships on
file in his office. This carelessness is clearly the fault of the
auditor as he is responsible for getting these reports from the
townships in and requiring them to be correct before he submits
them to the board of superviso-s for their approval.




SECTION FOUR.
THE STATE HIGHWAY COMMISSION

1. Law Establishing the State Highway Commission.
The law establishing the State Highway Commission is known
as House File 371. It was passed by the 3joth General Assembly
and approved April 13, 1504,

An Act to create a highway commission for the State of
lowa, and defiining the duties of same (Additional to chapter
four (4) of title thirteen (XIIl) of the Code, relating to the
state college of agricnlture and mechanic arts).

Be it enacted by the General Assembly of the State of lowa:

SEction . Highway Commission—Duties. That the lowa
state College of Agriculture and Mechanic Arts, at Ames, shall
act as a highway commission for lowa, whose duties shall be:

1. To devise and adopt plans and systems of highway con-
struction and maintenance, suited to the needs of the different
counties of the state, and conduct demonstrations in such high-
way construction of county supervisors, township trustees, super-
intendents, students of the college and others.

2. To disseminate information and instruction to county
supervisars, and other highway officers who make request, to
answer inquiries and advise such supervisors and officers on
(fuestions pertaining to highwav improvements, construction and
maintenance, and when the board of supervisors of a county
adjudge that the public necessity requires a public demonstration
of improved highways construction or maintenance in said county,
and so request and agree to furnish necessary tools, help and
motor power for same, the commission shall furnish as soon as
practicable thereafter, a trained and competent highway builder
for such demonstration free to the county.,

3. To formulate reasonable conditions and regulations for
public demonstration, and to promulgaate :n'l'.’isf'rr'_-.' rules and
regulations for the repair and maintenance of highwavs.

4. To keep a record of all the important operations of the

f"_i-Ih\’-'il.‘r' commnitssion, and report same to the governor at the close
oi each fiscal vear.

. S'WT“}N [I. In Effect. This act, being deemed of mmed-
late importance, shall take effect and be in force on and after
its publication in the Register and Leader and Des Moines
Capital. newspaperspublished at Des Moines, lowa.

r‘\[:prrwml April 13. A. D. 1904.
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The specifications and standard plans shown herein are types
of the kind sent out upon application by road officers.

Demoxstrarion Work, The Commission has sent as much
as possible experienced men to help the different counties and
townships start with the work of permanent bridge and culvert
work. This work has been done without charge, except for the
actual living expenses in the county. Counties or townships de-
siring such work done should write to the Commission as soon
as possible as the requests for such work are continually in-

creasing. "

ExrermiexTar, Work., The experimental and investigating
work of the Commission has been along several lines, one of the
chief being the road census preliminary results of which are given
in Section One.

Roan Larvoratory. The Commission has access to the ma-
terials and testing machines of the Engineering Division of the
College and is planning tests of road materials and concrete
plain and reinforced in conjunction with this Division.

The machines owned by the Commission consist of the fol-
lowing: a 4 cylinder Deval Abrasion and Impact Machine, a
L L C. briquette machine and a Page-Johnson Cementation ma-
chine. In addition to these a 100,000 pound beam testing ma-
chine will be added immediately for the culvert expernnents.

Roan Materiarn Tesrs. The following tables show tests
of road materials made upon samples of crushed stone and gravel
sent in by various counties in the state.

RESULTS OF ABRASIONS AND CEMENTATION TESTS.

e, s o - - CRAVEID
Coeflicient | Per cent Cementa-
uf wear | of wear . ion value
Greene Co, No, 2 6.85 | 5.00% 4.00
adBA, 15.62 | 280 §  6.00
alore 1.00 | 3,08 | 13.090
y 5 5  O.25 | 6.45 | 4.59
otory Co. ol | 102 ) o 488 | TT.00
2 [ 2o : 10. 30 .20
: 3 [0.10 3.96 " 4.25
Emmet Co. et 5-77 | 6.98 | 21.00
5 1O .60 ‘ 3.77 8.}"5
* X 1 0y _Lu_}.'_-, | ﬂ_{}t) Iﬁ;'f_.
Carroll Co. 2 S.%0 'y paf | 280
iR | 12:28 ¢+ 341 | 6.20
Buchanan Co. I 6.600 | 6.87 | 14.00
2 O.25 |  6.41 Q.00
3 206.00 | I.60 0. 00

S e B e B
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STONE.
. - Coetlicient Per cent. Cementa-
Name Kind of wear of wear  tion value
Ellsworth Limestone 9.553 4.18 105. 5
Peru h 2.95 13.54% 13.0
Centerville i 5.85 6.81 7.0
Le Claire » (.53 6.00 13-4
Waverly & 8.80 4.54 10.0
Marshalltown TARA W 5.72 23.0
TESTS OF IOWA GRAVEL
VMECHANICAL ANALYSIS,
e e = i T = e s = - —r 1?7_ A —
bl o | . FPelililes ' Sand
Gravel ]I r\-l_’. t per cent ‘ per cent
Greene Co. | 1 80.8 | 19.2
1 46.3 | 4ky
- 55 34.3 | 057
I| 4 | ® 43.0 I_ 5?'0
: _ . ‘ 57-1 | 42.9
Carroll Co. I | 33.8 i 06, 2
Story Co, | ] | 5?._‘_3.,7 | 41.3
- _, 473 , 5%.7
: g | 3 | 4=-4 i 57 -0
* Emmet Co. .- I (5.2 1 24.8
| 2 30. 4 | 6. 6
| |
| 3 ! I_F = -__4_'8_':1‘. e
‘- CoOMPRESSIVE STRENGTH 0OF GRAVEL CONCRETE
) |
L)
.J, Ao, o ~ 7 Dass 1| 3% Dave T ¥ Monte
| ‘Gravel {36 [1-3-8 ([ 1-6 [1-3-6]] 1-6 | 1-3-6
: ibs. | 1b=. || 1bs. | Ibs. 1hs. \ 118,
; 8q in; = in || 59 In | 5q In aq in | 2q in
(3Feeis 0 Nﬂ | B2a -'.'-l'l‘“ 1"3!] 823 834 725
; S 74 {5 1490 [1008 [{1505 [115%
- " 3 836 [52 1170 1 773 {2048 {...-
- g 175 (486 $65 | S17 752 943
. i 3 557 |75 1195 [1310 ([j1280 [1328
H Carroll Co. Sl | 304|520 1137 | 974 ({1080 (1082
Story Co. | 720 (694 ||1485 [1385 {1833 11639
1 sl 735 |541 1370 |1450 |j183% 1422
! il 531 [687 1256 [0 Ifeaas Tl
i Emmet Co, S 2940 1735 1050 [1436 i.... deiais
. e 389 [485 rél TI6E8 b aoan dissis
; " 465|478 878 | 17 2o M
J Average., [512.6/575.25/|1215.3]1092.1] | 1155 25{1185.42
]
'; Average percent of water to the 1-6 is 14.13,

Average percent of water to the 1-3-618 11.71.




SECTION FIVE.
ROAD CONSTRUCTION IN IOWA.

As has been stated there are approximately 100,000 miles of
public roads in the state and of this nmuuber not more than 1,000
miles at the outside have received a surfacing of gravel or broken
stone. These ficures show the necessity of adopting the best and
most economical methods of earth road construction and main-
tenance. Fven for counties which are using considerable gravel
or other surfacing material the earth road is first in importance
for it is money wasted to improve a poorly built earth road with
any surfacing material.

There are a certain number of general considerations which
apply to all roads and which should receive particular attention ;
in this connection.

1. ROAD LOCATION.

Practically all of our public roads are laid out on the section
lines and the new roads that are opened from time to time are
being located in the same way. As the state’ becomes maore
thickly settled the call is constantly for new roads but there 15
very seldom anyv thought of departing from the section lines,
As a result of this custom, the road svstem of the state has been
developed without any regard to the engineering principles of
economy and efficiency. In the parts of the state covered by the
lowan and Wisconsin drift sheets this condition is not so 1m-
portant, The drainage lines are not as vet so well defined and
the grades for the most part are not heavy.

In the large area, however, covered by the Kansan drift this
phase of the question is an important one. The drainage system
as shown on the map is well developed. The whole section has
been cut by the water and other agencies into such a series of
ridges and vallevs that an exclusive svstem of section line location
for the roads causes impracticable grades and enormous expense
for moving earth. The topographv here is such that a road must
be curved either mm plan or profile. The section line location
prohibits the first and thus necessitates the second, which is
much the worse.

The heaviest grade on any road will limit the size of loads
that can be hauled over it and for economy of transportation the
maximum grade should be kept as low as possible.

In :u_lllitinn to economy of transportation, the first cost of
construction can often be materially lowered and the annual cost
of maintenance be decreased by building around ashill rather than
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over it, or by buving a new right of way around a series of hills.
Often times the total cost of entirely relocating a road will be
less than trying to make even a taint start at a good road on the
section line.

The accompanying cut, Figure (7) was taken to illustrate
this condition. The section line road which climbs one steep hiil
after another. parallels a valley which may be seen only a short

Fig. 7-speTioN LINE LOCATION
This road parallels a valley which is proper location for the roagd.

distance 1o the left, in which the road could have avoided all the
hills shown. In one place on this road a new right of way was
purchased around a hill and an almost level road made at a cost
of only $70.00. On one alone of the near-by hills the grading
done cost about $1,000.00.

A railroad running out from the same town followed the
valley almost parallel to the wagon road, showing what a com-
petent engineer would do with the highway location.

z. ROAD DRAINAGE.

The most important of all considerations in the construction
of earth roads in this state is efficient drainage. There are two
phases of the general subject to consider, which may be classed
as district drammage and local dramnage.

District Drainage—\Wiiere NEEDED. In the north central
part of the state, in the area covered by the Wisconsin drift sheet,
the drainage is new and undeveloped. Here the outlets in many
places cannot be iound for the side ditches or tile drains, Figure
No. (R) illustrates one of the typical ponds of this section through
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which several costly but unsuccessful attempts have been made
to consiruet a road. In these localities, district drainage must
first be provided. For this work the law requires that a com-
patent engineer be employed to make the estimates and plans for
the proposed mmprovements,

4 = 0 b ]
ProcerpinGs BY THE Roan OFFICERS TO ESTABLISH DISTRICY
Drainact. Where the abutting property owners will not insti-
tute the necessary proceedings to establish the dramage district

to drain a highwayv, the township trustees shall file a petition with
the county auditor describing the highway to be dramed and the

A

} —
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Fig. &=Typical Pond of Northern lowa

lands to be crossed in the construction of such a drain. The
payment of the cost of the drain if constructed after the engin-
eer s report is filed, is made out of the township road fund.

If, however, a drainage district has been established by the
petition of land owners, the trustees are required to pay the
actual cost of constructing the drain across the road out of the
township road tund and the board of supervisors is required to
pay tor any bridges across the same out of the countv bridee fund.

The highwavs Iving within ' i

o

: n a drainage district will always
be benehted to an extent by the establishment of such a drain
and should be assessed by the cammissioners.

T A7 Prrp . T3 e - 2K - . ~ . .
s \“‘ P-"-‘_‘:"'I_ "*'f“r PuerLic Hicaways, Public highways within
a drainage chstrict are benefited by the construction of ditches and
hence may be assessed for a portion of their cost
ance. The assessment,

and mainten-
however, must be made upon a different
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Sizes anp Cost or Orex Dircnes.  The cost of open drain-
age ditches is estimated by the cubic vard.
To calculate the number of cubic vards per foor of length
of ditch multiply the average width by the average depth and
7% 12
divide by 27. Thus a 7 ft. x 12 ft. ditch contams ==
27

3 1-9 cubic vds. per foot length.

The cost per cubic vard in lowa varies from 7¢ to I8,
depeniding on the size of the job, the character of the soil, and
other local conditions, including the certainty of the contractor
getting his money promptly. The larger the work the less is
the cost per cubic vard,

The tables for open ditches are calealated by the well known
Kutter's formula, using a “coefficient of roughness™ equal to
4.030. The coefhcient of roughness 18 the value recommended
by Kutter for channels in moderately good condition having stones
and weeds occasionally, and agrees with actual guagings of drain-
age channels made at the Iowa State College. For ditches i
first-class condition, the number of acres mav be increased about
25 per cent. The tables have been calculated for ditches having
sides with slopes of one foot horizontal to one foot vertical but
are approximately correct for other slopes.

The capacity of the ditches has been made as recommended
by C. G. Elhott, U. S. Agricultural Department drainage ex-
pert, as follows, the ditches to run not more than 8-10 full for
the capacities mentioned :

Above the heavy upper line, (table 2) 3-34 in, depth of water
per 24 hours.

Between the heavy lines 1-2 in. depth of water per 24 hours,

delow the lower heavy line 1-4 . depth of water per 24
hours.

Local conditions may vary the size needed, and it is neces-
sary to consult a drainage engineer in each case.
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TABLE 2. NUMBER OF ACRES DRAINED BY OPEN DITCHES
Depth of \Water 3 feet, | Depth of Ditchi at least 4 feet.
— ~ = = ———— =
GRADES AVERAGE WIDTH OF WATER
Feet - o 1 ! . i ’
3 A 1 156 20 o o0
Cee::t A flrr IF:ﬂ F:::ﬂ Feet Fe[jet Feet Foet \ Feet | Feet
= ~ ‘g . iy
o0zl 10| 25| w50 1570 | 2240 | 5300 | 18400 =0
0.04 | 2.1 | 400 fu0l 1000 146 oos0 | 4700 | 7470 26100 _ =
a0k | 82| 4920 ®500 12601 1680 2970 5770 | 18400 | 31800 _
008 | 4% | 5120 980 1460( 1950{" 4820 | 660 | 21400 | G400
010 ! 58 636 1100) 1630 2130“ al60 7440 | 23700 41400 _I
015 | 1.8 | 391|1320/2010( 2670| 6600 | 19000 | 80200 | 52100 T
aon | 106 | 905! 1560 2310| 47201 T8I0 | 21800 | 35000 HO300 ALY
025 | 132 1020, 1740 2660|5300 17500 | 24800 BA000 ] 67700 =
030 | 155 1100 197029001 5850| 19400 | 26800 4200 74000 i
040 | 21.1 1300, 2.90{ 5050| 6740 22200 S0UB00 f 49400 | 5700 L=
050 | 264  1475|2550! 5620| 3500 | 24800 | 34800 55300 | 95200 oo
060 | BLT 1600 o7190| 6230 T6B00 | 27200 | 3TI00 | 60400 | S
0.30 | 3.0 1720/ 3010 G650| 178001 20400 | 41200 ‘ T
0,80 | 422 1850, 4850] 71360 19100 : f'
090 | 475 1950 5140! 7550 20100 ‘
1000 ] 528 2050] 5400] 7980 il
Depth of Water 7 feet, Depth of Diﬂ:ﬁ Qlltﬂﬂ 9"!&

e — N
= -
& el |

'.

GRADES i AVERAGE WIDTH OF WATER
Pon | e . 10 15
Cent | wife Feet Feet Feet

i .

002 | 190 | 289 4700 | 16600
004 | 21| 4850 | 6340 | 23400
vot | sg | 590 |T 13000 | 20600
oos | 42| 6940 | 19100 | 54200
010 | 58| 1720 | 21800 | 38400

015 | 78 [T19400 | 27000 | 47200

020 | 106 | 22400 (L

025 | 132 | 25000 | 84800 |
| 0.80 | 15 | 27400 | 38200
: 040 | 211 | 31700 44100
' 050 | 26.4 | 35400
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enough to be below the frost line if possible. It should be of
ample size and the grade should be continuous to the outlet.
The outlet should be carefully protected by a bulkhead of con-
crete or brick, and covered with a grating to prevent the entrance
of small animals.

Table No. 3 is computed from the form of Poncelet's form-
ula recommended for the use with tile drams by C. G. Elliott,
drainage expert to the U. 5. Agricultural Department, Washing-
ton, D. C., who recommends the above sizes to drain ground
only. Ii surface water is also to be removed as in the case of
ponds without other outlets, the tiles will drain safely only one-
half to one-third the number of acres given in the table.

When part of the land in the water shed is rolling, not re-
quiring tiling, count only one-fifth to one-third of such rolling
land. in addition to all of the low, flat land, n getting the size
of tiles to remove ground water only.

Cost of Tile Drains. The following data show the average
cost of tile drains during 1904 in the vicinity of the college.
Local markets should be consulted before applying them else-
where:

The cost of hauling given above is on the basis of $1.25 per
ton, or $2.50 per day for a man and team, making two trips.

The prices for digging and laying given above include board
furnished by the ditcher. 1f the farmer furnishes board deduct
about 20 per cent. The prices for digging and laying are for
average ground, except those in the last column, and should be
increased for quicksand or very wet soils,
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To all estimates it is wise to add § per cent to 10 per cent
for contingencies and engineering.

TABLE 4 COST OF TILE DRAINS

|

—— e —— e —

l
'1

- e

!
1
!

||I o | | g | | ol 1%-‘-:‘;‘.
' 3 - ‘ % Cost of Digging and Laying | = |ZS72
| = R | Per Rod 2 1B L
0 = | T L e S 7 4
= ool A R R e gt & 13 P
= < ol BSE Add per Footfor] %2 |48 3
= - = =_ | 8 Feet |Additional Depth) = E=ss
o v - -3 | Dnifrn of Over 3 Feet = ;ﬁ_z g7
7 ¥ = _._' o 30 Ft. * Overd bt T, ; :—-"-:Lﬁ
2in. | 81600 | & < 312 1 #0335 20151 8030 | 2c-9¢
4 in. 22.010) = 5.00 VIR H) 0151 0390 |2c-o¢
5 S0.00 10 .25 0235 15 030 | 2c-ic
6in. | 4000 ! 12 7.60 0.35 015 0.30 | 2c-Hc
7 in 5000 1 15 057 0,85 0.20 035 | 2¢-H¢
Bin. | G000 ) 20 1250 | 040 (.20 035 | 2¢he’  2dc
10 in. | @500 | 30 | 1875 | QU4 0.20 035 | 2cHc | 2oc
12 10, 12000 | 40 | 2500 | 050 | ().20 0485 | 2c-hc | Ik
1500, | 23000 | 50 | 3125 | 1 | $5¢
18 in. = 400.00 ] 80 | a00 | '
20 in. | 60000 | 100 | 6250 ¢
24 in. HHU_{HJ‘ 125 TR l |

I

Coutract and Specifications for Tile Drains. Many das-
putes between property owners or road officers and tile con-
tractors would be prevented, and better work could be required
and secured. if a definite written contract were made out and
signed in the beginmng, containing as a part thereof a complete
set of printed specifications. On this account it is strongly rec-
smmended that in each case the following form of contract anl
specifications, modified from those recommended by Mr. C. G.
Eiliott. should be filled out and signed by both parties.

The engineer should be called in during construction, and
on completion of the work, to see that the contract and specifica-
tions, together with the map and profiles, are strictly complied
with.

Specimen contracts and a complete set of spectfications are
- eluded in Section Nine on “Specifications and Contracts.”

e Ditenes. The second system of drainage necessary
for a well constructed road is side ditches. In road construction
as it is quite generally practiced at this tume in the state, the side
ditchies are carried at the same depth over the hills and through
the lower places as are the road grades. In many places the
Jirt is much easier to move on the tops of the hills than in the
lower places, with the result that the best grades are built on
top of the hills. This is all wrong. The side ditches should be
cut out and the dirt carried to the lower places, and unless the
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hill is to be materially lowered, the top surface, which has be-
come compacted by the travel, should be left as it is.

The first requirement of properly constricted side ditches is a
continuous grade to an outlet, and for this a road contractor or
superintendent should understand the wse of a level and be able
to lay out and plan the grade.

The second requirement is that the ditches should be wide
and comparatively shallow except where it is absolutely necessary
to make a cut through the rise. This is necessary from the point
of economy of first cost and of maintenance ; also to lessen the
danger to travelers, of a deep, narrow ditch. The water should
not be carried further than is necessary in the side ditches as it
increases the washing and also makes deep cuts necessarv near
the outlet to furnish the continuous grade. Where the road has
considerable grade, careful attention should be given to prevent
washing or undermining of the roadway, the gutter should be
paved with stone or brick. It is frequently best m constructing
side ditches, to provide for freshets by making the banks low on
the outside at certain points which will allow an excess of water
to escape without damage to the roadbed, as would be the case
if a large quantity of water was carried a considerable (istance
in the side ditches.

Tue Crown. For the main traveled portion of the road, a
crown of one inch to the foot is recommended with considerably
steeper slopes outside of this to the side ditches, ( See Fig 9).
The crown should be about three feet above the side ditches, that
can be changed to meet the requirements and can be readily
adjusted to different road grades. TFor a steep road grade the
crown should be increased to throw the water to the side rather
than allow it to run for a considerable distance on the road. On
ordinary grades if a crown of one inch to the foot is maintained
it will prove sufficient for proper drainage to the side ditches.
(On an 18 foot traveled way the rise at the center would be nine
inches.

3. CONSTRUCTION OF AN EARTH ROAD.

In the construction of an earth road the first important con-
sideration, as has been stated, is securing adequate drainage.
This has been considered fully in the preceding article.

Cross Section. The accompanving figure, No. o , is giv-
en as the preliminary cross section of an earth road which is
recommended by the Commission for use on the main traveled or
first class roads. This has been designed after a careful study
of the best tyvpes of earth roads that are found in the state at
this time. The traveled way is eighteen feet wide. This is ample
room to accommodate all the ordinary traffic found on even the
most traveled country roads, but is not too wide to be easily
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O’ Brien County. By using the elevating grader drawn by
traction engine to load the wagons, earth was hauled about one-
half mile at a cost approximating 10 cis. per cubic yard.

Dallas County. This county owns a regular grading outht
ander direction of a county superintendent of roads. An ele-
vating grader is used on the level streets and the cuts made with
the wheelers. The cost averages about three hundred dollars
per mile.

These are only a few examples of prices but they serve Lo
show the economy of letting the work by contract, provided the

q

drawing up of the contract and the measurement of the earth-

| work 1s handled by a competent man or of putting all the work
'i under direction of a competent superintendent.
i
|
.
|
|
i
:
i
| \ Fig. 11—An Efficient Well Trained Team for Road Building
| Whether the work is let by contract or not, the number of

cubic vards should be measured in every case, and the cost to
- the public per cubic yard ascertained. It is best to haye this
done by a surveyor. For the lack of this one thing a large part
of our road money is being wasted every year, for neither the
public nor road officers would tolerate, for a moment, the inei-
ficient methods in use, if they knew the actual cost and waste

I
f
! of money.
i
|
!

4. CONSTRUCTION OF GRAVEL ROADS. Tor a certain per
; cent. of our public highways, which will include the main trav-
eled roads, it is the conclusion of the Commission that some
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surfacing material such as gravel or broken stone will have ‘o
be used and there is no reason why counties should not begin
this construction now to the full extent possible by setting aside
for it a material percentage of the present road funds.

Material.  Gravel is quite liherally distributed in many
parts of the Towan drift sheet and along the terminal borders
of the Wisconsin drift area. Tt is also well distributed along the
streams of these areas and also along some of the streams that
Hlow through the Kansan drift area

Bank gravel usually contains a certain amount of clay which
makes a ;_'EHIII ]lil‘i!hﬂ; material, 1t 1t 1s not present mn ]E’tl';.:_'t quan-
tties, and 15 well distributed through the material. The river
or wash gravels do not always contain a sufficient quantity of the
binder to pack when placed on the roads and they must either
have a certamn amount artificially mixed with them. or they will
not be thoroughly compacted until a certain amount of soil is

Fig. I?-GRAVEL P11 NEAR COoON RAPIDS. JOWA
Note pile of large stones discarded from gravel

carried on to them by the traffic. The material should he as
L':il‘t'fll”}' *‘-t'IL‘L‘lutl S I'r:_lh\ih]t' and 1n h;mlin; a man shonld he
kei'it cnnat.'-.ll'HT} at the }}ﬂ to see that a uniform material 1s
cured and that large stones are pitched out and that
or other unsuitable material are carefully avorded.
Figure No. 12 shows a gravel pit near Coon Rapids. The
gr:u'ul here contans a considerable percentage of stones too ;.lI"_;t
to be used on the road. These mayv be seen in the foreground
The cost of the material is in the neighborhood of S.30 ¢
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™
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$.35 per cubic vard delivered on the read, if the haul is not too
great and at this rate, aiter roads have been graded to the proper

cross section, graveling can be done for about $300 a mile. In
other sections where material is not available it can be shipped
by rail for considerable distances and used on the road without
making the cost run too high, providing favorable freight rates
can be secured.

Cross Section. There is some difference of opmion and
practice as to the proper way of placing the material on the
road. A cross section of a gravel road 15 given in the accom-
panving Figure 13, which is recommended bv the Commis-
sion. This cross section can be secured, after the earth is grad-
ed as shown, by placing one load of the material to each nine
feet, or spreading with a grader to a width of about 10 feet,

Fig. 14—A Well Built Gravel Road it Greerne County

making the outside edge about 2 inches in thickness. After this
layer 1s packed by the traffic a second layver should be added in
the same manner as the first. It has been shown by results that
this method will give excellent results, although some counties
practice putting on two loads to each nine feet at the same time.
dumping one on top of the other, while other localities dump two
loads side by side. The gravel that has considerable binding
material in it, so that it packs easily, can he spread more than
one that contains little of this binder. With the first of these
the traffic compacts it before there is any considerable waste.
while if a gravel with little binding material in it is dumped on

R T T s ————
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the road and spread, it wastes to the sides under the action of
the traffic. About 15 per cent. of binding material seems to be
the proper amount to use,

Gravels can be sent to the road materials laboratory of the
Jowa Highway Commission, Ames, lowa, where they will be
tested free—the binding materials determined and advice given

Before attempting the construction of a gravel road careful
attention must be given to the proper grade and drainage as
fhese are essential, The more money invested in the surface ma-
terial the better should be the sub-grade. A countrs road in
Carroll county has been graveled several times but each time the
gravel has disappeared owing to imperfect drainage. The gravel
roads are very efficient during all the year if kept in shape by
continuous maintenance <uch as the smoothing of the roads with
the King drag or sinilar implement and by the addition of new
material when the road “wears out” in places.

Figure 14 is of a well constructed grave! road in Green
county and Figure 30 shows effect of maintenance with King
drag.

5. MACADAM ROADS. There is no reason why the con-
struction of macadam or broken stone 1 ads should not begin at
once in many counties. This does not mean the indiscriminate
or haphazard way of building a stre ¢h here and there that has
characterized so much of this work, Rather, it means a care-
ful, systematic selection of the r ads to be improved, which will
be those radiating out from the business centers and which have
the most traffic over them. By building short stretches each vear
only a short time would elapse before a county could have a
system of main travelled roads that could be used at all times
of the year. Expert advice can be obtained free from the lowa

Highway Commission, in plamning and constructing such roads.

The Material. A considerable part of the castern part
of the state is underlain by limestone which outcrops at the
surface in many places, Many stone crushing plants are al-
ready operating, a partial hist of which is included in this man-
qal. - Much of the limestone is somewhat too soft to be used as
road material and most of it, also, should never he used until it
has been thoroughly dried or hardened. This is true of the
tone which comes from the state quarries at Anamosa.

Materials sent to the road material laboratory of the Towa
Highway Commission, Ames, lowa, will be tested free and advice
regarding their use given.

The cost of this stone from stone crusher plants in consid-
erable quantities should not be over $.50 to $.60 per yard of
2,250 Ibs. f. 0. b. the quarry. The price of crushed stone is
showing a marked decrease in some of the contracts recently let.
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The few practical suggestions for the use of this machine
on stony hills are taken from a paper by J. H. McMillen, read
before the Good Roads Association :

“In working away from a high bank use three teams strung
out rather than four horses abreast. Use a good equalizer where
the teams are working four abreast. Large rocks should be blasted
with dynamite. On steep hills load the grader as heavy as pos-
sible going down hill and do not attempt to work up grade.
On hills where ditches are washed out on either side, work the
earth away from the center of the road into the ditches, thas
filling them and leaving the road hard and smooth and at the
same time lowering the grade, If the ditches are washed on one
side only, work the dirt across from the opposite side to All the
ditch. Slope the banks of all side-ditches on the outside.”

The Elevating Grader The elevating grader is being
used with considerable success in many parts of the state. There
are parts of the state that are so flat it 15 necessary to build road
grades that water will not cover in wet times. and the elevating
grader can be used with considerable success if care is taken, to
construct the side ditches to a continuons grade, and not to
deepen them below an outlet.

In a more rolling district these machines can be used to
good advantage to load dump wagons, but expertence so far
seems to indicate that it is usually not a good investment for a
township to spend the large sum necessary to purchase, or to try
ta operate one of them, with an unskilled set of men. There is a
large sum of money tied up mn such a machine. which is used
only during a small part of each vear. Also it requires a trained
crew of men and horses, and a complete outfit for “camping oa
the job” to prevent loss of time. 1f the machme 18 owned by the
county, hawever, it can be operated very successfully in this way
provided a competent man is secured as foreman. It would per-
haps in most instances be preferable to let the work to a con-
tractor owning such an outfit. after receiving competitive bids
er en. vd,, as his profits then depend directly on the results
1ie obtains. It is absolutely necessarv in the use of b ith the
ordinary reversible machine and the elevating grader that ex-
perienced and competent men be placed in charge of them ani
that the horses or mules used be trained for the work.

Stone Crushers. There are only a very limited number of
stone crusners owned by counties in the state. There is no
reason why such a plant could not be run successfully by the
counties, but so far their operation seems to be unnecessarily
costly, A rotary screen should be firted up 1 connection with
the crusher and when the material is to he used for road construc-
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tion it should be ~Lpd!4tad into three sizes. Three sizes com-
monly are 2 1-2 3-4 . _the last is also known as the screen-
INgs.

Stone crushing plants are going to be a necessity 1n the
future, in many cases where the local material is available for
stone roads and for use in concrete.

Probably the most successful county crusher plant in the

.

1

|

i Flg. 15—Macadam Road in Clinton County

l

ii state is the one in Lee county. The following is the report oi

!’ first cost and cost of t'!].‘lL‘l'ilt::-"H.' :

| Report of Stone Quarry for the Year 1905;

! Cost Of ettSHeT. «« v vvewass o suas v sannass IS Yo $1350.00

! Labor moving and setting machine. . .....coaeveaves . 34.75

t Tools and -.u]11;1u-. ............................... 10) 0O

‘ Material for platform and bins........cuvevaicaean, 32.00
Freight on crusher and tools. ..o vveraviniiaaernes 12.07

Labor and supplies crushing and quarrying. ........... 421.74

f1870., 52
# The estimated amount of stone crushed is 400 yards at a
total cost of $421.74 or $1.05 per cu. vd. for the crushed pro-
duct.




£r4

e o |

TmiE ‘o ¢ 4

Li
e i i S ——
= R S | et T

—
N SS  Sm S—  e  S —— |

e &

R T ——————

- b

Fig. 16—A Macadam Rosd near Clinton, lowa
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SECTION SIX,
ROAD MAINTENANCE,
The work of road maintenance in Iowa is largely confined

to the care of earth roads. Within the past two years the meth-
ods have undergone a complete change and the use of the spht

log drag and.other si iple contrivances for this purpase has ex-
rennded into everv township and county of the state.

1. DRAG METHOD OF ROAD MAINTENANCE.

The History and Development of the Method. In the
Genesee Farmer of August, 1838, there appeared an article which

-

#_M

I,. * -I"* 2 .

Fig, 17—A P orly Dralned Road with Rank Growth of Weeds Bordering

e L e

recommended for use on the public roads a contrivance similar
to the “split log” drag. Without giving the article in full the
following extracts will show the idea as then advanced:

“A stick of timber six feet in length, twelve inches in width and

five or six in thickness is to be provided; hard, heavy wood should be
A
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Accompanying this car, besides Mr. King, were representa-
tives of the lowa Highway Commission, Wallace’s Farmer, the
Iowa State Register and Farmer, and the Northwestern Railroad.
Fifteen counties were visited through the flat district of northern
lowa and into the eastern part of the state, the final meeting being
held at De Witt. Two meetings were held at each point and
at the close of the afternoon meeting a demonstration with the
drag was given on a nearby street. No trouble was experienced
in finding a place suitable for using it or one that was not leit
much improved over its former condition.

The business men of the towns where these talks and dem-
onstrations were given, responded generously by aoffering prizes

. rt?ﬂ-;*
i iy S “i
—

Fig.18 The C. & N-W GoodRoads Car at Eagle Grove, lowa

tor the stretches of road kept in the hest condition for a year
by this method. At Denison $350.00 were subscribed for this
purpose, fifty-two men promised to make and use the drag and
ten towns were represented ; at Bancroft the records show $300.00
subscribed, forty-seven names and thirteen towns, and at Nevada
S200.00 subscribed, sixty names and fifteen towns represented.
With only one exception the towns responded with subscriptions
for prizes. This fact is indicative of the response which meets
practical and efficient ideas road improvement and the high
regard in which it is held by the business men of the average
town in the state.
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most of the year. The experience of the past two vears has prov-
en this general fact beyvond doubt or question,

The roads designated as first class roads in Section One car-
ry so much heavy traffic that as soon as possible they should be
surfaced with a road metal of some kind such as gravel or broken
stone. The reference here is rather to the larger percentage
which have been called second class roads and which have average
rural traffic over them. That all kinds of roads are greatly bene-
fitted by care with the drag is shown in the report from mail
carriers from Tipton, Towa.

There are perhaps no better Judges than the rural mail car-
riers of the condition from day to day of the country roads and
the effect upon them of the use of any particular methods of con-
struction or maintenance. These men see the effects of all kinds
of weather upon' the road surfaces and their opinion of the value
of the method of caring for them is well shown in the following
table taken from a report sent in by carriers whose rotites lead
out of Tipton, Towa.

REPORT OF RURAL MAIL CARRIERS FROM CEDAR COUNTY, MAY, 1906,

—— —— — e ——

[ Av. time to Av. time | No. miles Average condition of
Ntf:] i{ﬂl‘; | make the trip | during Feb- | dmgged drageed compared to

r'in dry weather | ruary to May |roads in FOLE undragged roads

|

27 6 Hrs. | 8 Hrs. 6 Hrs. [Good.
28 17 Hrs. | o Hes. | 4 Hes 1Goad.
26 O His. | 7 Hrs, 3 Hrs. [Goaod.

‘ | Dragged roads are
2714 6. Hrs. | 8 Hrs. ! 3 Hrs. much better,

Dragged roads in
28 | 6 " Hrs. | Hrs. | 12 Hrs, |  fine condition
| ‘Dragged roads arc
| much the best at
HTS. | all SEASOMN s,

oo

27% | 6% Hrs. | 8% Hirs.

-t

L

The difference in time required during the period from Feb-
ruary to May over the average time in dry weather is very mark-

‘ed as shown by this report, being in all cases about two hours

longer during the season when we have the worst roads. The
saving of time and the ease of rural free delivery which is made
possible by the continuous use of the drag is a verv strong argu-
ment for the adoption of this method of road maintenance over
the entire state and the rural routes should be the ones particu-
larly selected by the township trustees and the road superinten-
dents in contracting for such work.

The results as shown in this report conld not be obtained if
the soil in the roads remained the same as 1t does in the fields on

-
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Fig. 19— Dragged Road in Red Oak Township, Cedar County

The line | A) shows pownt where trench

wius dug, shown in the folluwing view (420)

Fig. 20—~CROSS SECTION OF DRAGGED ROAD
This road shows a crown of about ten inches added in one yeay
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the crown would ver\ likely build very much siower during s
ceeding vears, it muld seem that a few years use ol the drag
i {1 1 |

I ‘ g . . . i I:l |‘-: Y i
W .“!_1 buitldd a very tinckK suriace OVEer the road swhnichh wWollia i

¥ iy 1 1 . ' 1
bhe véry casiy anectea by water Oor Irost acaioll

Figure 21. April 7, 1900. This view was taken the same
date as Figures 22 and 23, winch are nearbv roads. The value

I s i ————

i drageing 1s clearly apparent [his is a portion of road shown

t n I"_:_:l:r 23,
.' While 1t would be possible to bring evidence from a large
number of correspondents over the state as to the utility of the
| drag and the results produced, the following may he considered
1 a fair repre sentative: “In relerence to the condition of a road
\aken care 0f by me with the King drag, I would say that this
i e o exosiient four mule strip, but much more than one man
: should try to keep up The entire distance is a smooth oval
curface. but the half mile which was worked in the early spring
. i 1005, of what was formerly known as sink holes in clay hills,
'. 1s in such a comdition that ht‘ﬂ‘-"ﬁ‘ loads of ]Dﬂ"‘ were hauled QVEr
!1 + in February, March and April, Formerly many people stuck
| on these hills during these months. The hard surface is guite

aarrow and a few days ago a light spring wagon pulled to the
outter on one of these hills in order to pass a load of logs. The
center held the load, but the spring wagon had to be dug loose.
This half mile is intensely hard and while the rest of the four
‘ mile strip was not dragged until May, there are only two places




Ffr
that were even spongy. A\ four horse load of eorn that passed
casily over this road stuck several times before driving half a
mile after leaving it.”
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Figure 22. April 7, 1906, L.ooking we

st on the upper
lowa City road to corner where the J°

(T |‘1.4:’4[ roadd mmeets 4at

!

s . ¥ . - a
northwest carner of Tipton. Men who have lived i thus territory ¢
tor a long period of vears and who have tras ¢led the road con- 15
tinuously claim that the road was in warse conditon this spring s
than ever before. This road has been well gsraded every vear |
I 'ﬁ'i-lh 1‘.'_111 H'I_ 1.'x'lr.‘| ;_{ruul condhition in LIS ]'LJL;'LH'L <4 i1s 4 :
contmuation of this roadd and ,él]-i'.,'l. S 11 111 1its clry *._'-"]I'Ii[]-'ll. - 8

Foe EFrect of tHE SHaADE o Dracorn Roaps. I the

r.:a:! i': W l.f” :-"-E!I-Il'll..‘f1 I]'IL‘ l"fdlat‘-ct nf Fhl,'

able as the momsture i retained longer and it vives the trafhe ;
el IH‘HE‘T l‘hiiﬂf{' Lo ]Lilllhi the road into 1 |1__[;-i suriace t"!"-.*..‘l'iHLf
The dust is also much less on such

1![',!,_,1,_; 15 much more notice-

‘ | 4 road.  The féllowing is
lﬂkt‘ll tram a It'[[l.‘.*i L‘L'HL‘L‘!’TIH]"L:' L roadcd Ll|'+ W T I.i. rred to \f‘

R
“The branches over the road are so dense that the sun has ver ;

: 1' b ' 4 ] BTL 1 o - in i - 1 E
little chance to penetrate them, consequently the road retains

its moisture for a i.'lﬂ‘l?-il]l.'rilhh' }n.‘T'anl and it is Jin';u s very hard

It is seldom at all ti_{].ﬂ‘k;. [he photographs accompanying this {

sketch were taken in Cedar County, near '1‘1'};1 i, to show the f

contrast between the drageed and undrageed roads. pf
*This series of photographs was sent the Comimbssi o by F. T. Reeder. Tiotan ia !
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Figure 23. April 7, 1906, [.ooking north from the mter-
section of the upper lowa City road and Foor Farm road. The
“Advertiser” of April 7th, says! “The only main traveled road
leading out of town that is in good condition is the Poor Farm
road which is as good as the city streels, Travel between here
and Stanwood is now done nearly altogether on that road people

prefering to go a mile or so out Ol their way to find a good road.”

Methods of Making Drags. ‘here are two forms of
drags commonly used : the split log drag and the “\V" shaped
drag, The principle is the same in both and which is the bet-
ter to use will depend on the individual preference of the user.
The accompanying cuts show the methods of making these drags.
The material best suited to the King drag is the large end of a
telephone pole or a red elm log. Drags should be made as light
as nossible as it 1s very easy 1o make them heavy. The weight
and length of the drag can be adjusted to the weight of the
weam that is to be used on it, but it should alwavs be made light
enough so that the driver can ride.
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Figure 24. April 27, 1906. ‘Ul the upper lowa City road I
trom Tipton near the Fair grounds. The road is dry. ratty and §
rough. In the foreground the travel is close to the fence on the ﬁ
north side of the road, but soon crosses to the south side ﬂ'llillﬂ_ |
on the bank close to thie sheds.” 1.'!
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Figure 26. April 27, 1906. Contrast the roads shown here
with Figures 19 and 23 taken the same date.

When to Use the Drag. 1f the drag has never been used
and the road is full of ruts and holes, the best time to drag 1s
as soon after a rain as 1t 1s ]u_meihlu to get on the road and while
the earth is still in a wet condition. Four horses will be nec-
essary to pull the drag and they will move a considerable amount
of material which will fill up the holes and level the ridges.
After the first time, the road will have to be dragged while some
of it is too wet and some too dry, but it will gradually approach
he condition when the whole road will be ready at about the
came time. When the material is dry enough to work away
from the front of the drag and yet wet enough to pack mnto
a solid layer is the ideal time to use it, It is not necessary to go
into detail on this point as each road must be dragged at the
Gme best suited to that one particular road, and this can only
be found out by experiment. If the King drag 1s used it ought
to be pulled at about a 45 angle with the center of the road, and
if the “V” shaped form is used, it should be pulled parallel to
the center of the road. Road maintenance with the drag method
i< both economical and efficient and there 1s no reason why every
mile of main road in the state should not be kept up with this
method. The law as given provides for payment for the work
and forms are included for letting this work to imndividual farms-
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ers. Not-more than two miles should be given to one man to
care for and one drag to each half mile would be much better.

Is it Necessary to Grade a Road Before Using the Drag?
This is one of the most troublesome questions that comes up in
connection with the use of the drag. There is no doubt, how-
ever, that the best results have been produced on roads having
good side ditches and a substantial grade. In some places, par-
ticularly i the northern part of the state, it is very necessary
to have a grade before using the drag. The individua! cases
must be each decided on its own merits.

In many places the drag with a careful use of the plow
wotld help the road considerably, even where no erade has been
thrown up, and the best way to answer this question is to try
the drag.
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Figure 29. A Dragged Road Near Tipton. Lhis road

has HHi}-' been d[ﬁ,__:r;‘.i

a year, but during the spring of 19006

heavy loads of saw logs were hauled over it without difheulty.

Figure 30. Gravel Road in Carrol Couaty., This road
has been maintained by the drag method.
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2. MAINTENANCE OF SIDE DITCHES AND SUB-DRAINS.

Sub-Drains. Where tile have been laid to take the ground
water, the outlets should be carefully examined from time to
time and any necessary repairs made at once. This will consist
in removing brush and drift which frequentiy collects around the
tile outlet and in keeping the screen or grating, which should be

placed at the end of the tile, free from obstruction. Where the

tile outlets into a stream or slough it mayv frequently be neces-
sary to dig away a considerable amount of sediment deposited by
the spring floods to provide a free egress for the water, and in
some cases a few lengths of tile near the opening may have to be
taken up and replaced with new ones or cleaned.

Side Ditches. |f side ditches are constructed, as advocated
in the article on road construction, with sloping sides, there will
be less danger of stoppage by loose material which is drifted
by the wind into the road and held by vertical banks. Weeds
and grass should be cut at the proper season by the road super-
mtendent and if it is any considerable amount it should be raked
i piles and burned.  Where side ditches are beginning to wash
badly they should be paved with some kind of stone or brick
or the water carried through tile for the necessary distance.

A very handy implement for cleaning the side ditches is
made by fitting together two 2 x 4's six or eight feet long in an
“A" shaped form. The back ends should be about three feet
apart and the whole covered with a platform. One side and the
front edge should be shod, dropping the iron slightly below the
wood. It is pulled with a chain long enough to keep the front
end down. This ditcher is recommended by J. B. Stevenson,
New Hampton, Mo, i

3. WEEDS OF THE HIGHWAY.

The weeds of farms are caused in part by the roadside
weeds being allowed to go to seed. Manv of our troublesome
varicties are started in the citv streets where thev are often
allowed to grow unchecked. In this way they move alone the
highways to the farms. We have three classes of weeds com-
mon along roadsides: First, the annual: second, the biennial :
third, the perennial.

Annual Weeds. Thﬁ‘. seeds of annmual weeds oerminate
in the spring, produce flowers and seeds the same season and this
ends their existence. The annuals differ in regard to their pertina-
city. Shepherd’s purse is easily subdued ; crab erass is not so easi-
ly destroved, since it strikes root so easilv at the nodes . f.{-ll"{[llh”.‘i
are easily subdued as individuals, but the chief difficuliv is that
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done five or six times during the season as occasion may require.

Planting to corn or roots 15 a method much in vogue for
the destruction of the Horse Nettle. As in the previous method
the plant should be kept down before sceding time. When the
crop appears above ground the use of the horse and hand hoe
should not be sparing. There is ne question about this mode of
treatment being effective if properly carried out, bat failure often
lies in negligence during the latter by lving dormant in the soil
and making their appearance the next season,

The removal of the nettle when in a well advanced stage,
but before the production of seed (as when cat with clover or
early cereals) is often restorted to, the idea being to kill the
plant by shock. It must be confessed, however, that this method
15 not sufhciently effective to be endorsed as a means of com-
plete eradication.

Daock 15 a common weed everywhere along the roadsides.
The most efficient means of destraying this weed is to root it
out by hand i the spring when the soil is wet.

Laws of lowa with Reference to the Extermination of Weeds.

There are several Towa laws that deal with the subject of the ex-
termination of weeds along the roadsides, The laws are ade-
quate for many of the most pernicious weeds. The laws are as
follows

The law in regard to the Canada Thistle was amended and
in the Supplement to the Code of Towa, 1902, this statute appears
as follows:

SECTION 15362, “The road supervisor, when notified in writ-
ing that any Canada thistles or any other variety of thistles are
growing upon any lands or lots within his district, shall cause
a written notice to be served on the owner, agent, or lessee of
such lands or lats, if found within the county, notifving him to
destroy said thistles within ten days from the service of said
notice, and in case the same are not destroved within such time,
or if such owner, agent, or lessee is not found within the county,
then the road supervisor shall cause the same to be destroyed, and
make return in writing to the board of supervisors of his county,
with a bill for his expenses or charges therefor, which in no case
shall exceed two dollars per dav for such services, which shall
be audited and allowed by said board and paid from the county
fund, and the amount so paid shall be entered up and levied
against ‘the lands or lots on which said thistles have been de-
stroved, and collected by the county treasurer the same as other
taxes and returned to the county fund.”
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Sgemion 1362a. It shall be the duty of road supervisors
to cause to be cut near the surface all w eeds on the public roads
in their respective districts between the fifteenth day of July and
the fifteenth day of August each year, PBut nothing herein shall
prevent the land owner from harvesting the grass grown upon the
roads along his land m proper season,”  Supplement to Code
of Towa, 1902

(Extracts from the paper by Prof. L. H. Pammel .

Effect of Dragging on the Weeds, The drag is a valu-
able agent of weed destruction as it keeps them broken off at

the L"!'I'IIH-E leve) \ ;L,‘.I,‘,It‘fi road can he 1'!1:'-{":'1'!11."'] at a };.’ﬂﬂi.‘t‘.
as Tilt lmTHL-II I:F.I‘_;Lf'.'i 15 Lth‘.'il}"- iree trom \'-.-t:t_‘th_
L]




SECTION SEVEN.

DRIDGE AND CULVERT CONSTRUCTION
. AND MAINTENANCE.
1. General Status, The forms of construction now used
in the state may be classed as wooden, steel or masonry or a
cornbination of wood and steel, mas: mry and steel or of we oo,
masonry and steel. The varions combinations made possible
by these materials have caused every countv to have now across
its waterways a heterogeneous number of bridees and culverts
without hnmhuﬂ_ of design or comstruction. It is only within
the past year or two that a very few counties have adopted in
a measure standard plans for such structures and have begun to
work toward stand: mimn-f the county work algng these lmu
The experimentation with various forms of materials .and
various forms of construction has been long and disastrous and
as yet has resulted in no general fixed policy. The 30th General
\:-nmhh to relieve the indebted condition of many of the couti-
ties, raised the maximum levy in the bridge fund from three o
four mills, but still the condition is intolerable

Fig, s1—Reinforced Flat Top Culvert in Greene County
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Our roads and road superintendents have long been the ob-
jects of our wrath while the waterways were the real scapegoats
of the situation. In addition to the four mill bridge fund proper,
. considerable part of the one mill county road fund and of the
four mill township road fund have been deflected for bridge and
culvert construction and maintenance, leaving only a small per-
centage of the total funds collected for the improvement of the

:

L ]
roads themselves

Part of this loss is now due 10 a deterioration in the quality
of the bridge lumber and the constantly increasing price. For
instance, wh ak w was formerly used is now diverted to
supply other commerc demands and oak of a poorer quality
used. or 1N MOSst cases SOMC other wood entirely 15 sitbstituted.

= e T ———

Fig, s2—Reinforced Concrete Arch near JefTerson, lowa

A 3HU fnl-_st ’Ul'ilh;rf m IHWH t‘lrlllll}' was Tlf”nur{*rl mn jus-‘-[ twenty-
four months after a pine Aoor had been laid. Three to lour
vears 1s about the limit of usefulness tor lnmber bridge and

cilvert floors on main traveled highways.

Administration of Bridge Funds. A greater loss than
this. however, is due to the prnctical workings of the system
followed in planmng and constructing b th county and township
work of this nature. To illustrate this the following list of
bridges is taken from a local paper in Butler county:

Cywer the South Fork—6 bridges with a total length of 640

feet, no permanent abutments
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“Over Mains' Creek—7 bridges with a total length of 280
feet.” _

These instances are frequent. particularly in this section of
the state where the stream vallevs are broad and shallow. In
nearly every instance the water flows over the grades when the
streams rise and obviously the remedy is fewer and better bridg-
es, with the channels straightened where possible and the low
grades rip-rapped to let the floads flow quickly and naturaily
away.

In the construction of steel bridges, while the sizes have
been cut down as much as possible, verbal contracts without ade-
quate plans, specifications, or inspection of materials or work-
manship have caused, particularly at flond times, monetary losses
that it would be impossible even to estimate. “During 1905 Lee
county spent $61,490.77 i building new hridges and the re-
pair of old bridges damaged by floods.”*

It would be both impossible and uneconomical to attempt to
provide entirely for unisual floods but the loss can be minimized
by structures designed and erected under skilled supervision. In
this particular instance Lee county appointed a county engineer
to have charge of all their work in conjunction with the board
of supervisors,

In the use of concrete, which is about to be largely devel-
oped, many of the practices are already creeping in that have
given so much trouble with the wooden and steel bridges. One
of the chief of these is the attempt some of the supervisors and
trustees are making to design and construct their awn bridges
and culverts. The very fact that it is contrary to public policy
which requires that public officers shall at all times stand in an
adversary position to those who do the public work and whose
hills they audit should prohibit this practice.

Forms of Construction Recommended for Permanent
Construction. It is stronglv recommended that counties and
townships adopt, as far as practicable, standard designs and
specifications for steel and masonry bridges, masonry to be used
for the shorter spans and steel with masonry abutments for the
longer spans, The Highway Commission will prepare these plans
free of cost on application,

Area of Water Way Required. The method that is
used considerably by railroad engineers for determining  the
sizes of openings for water wayvs is to take the ravine cross-
section and figure the discharge by Kutter's formula at high
water as marked by the debris or other evidences which show
this line and then figuring the size of the culvert or bridge

*County Financial Report far 1903,
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required by the same jormula, using in both the proper coel-
ficients of roughness of channel, grade and other variabilities
which enter into this formula. This method is too involved for
the ordinary use by road officers, but any competent drainage
engineer understands the practical use of this formula and it
would be a wise economy to call in such a person in determimunog
such water ways required. Prof. A. N, albot has evolved the

following formula which he proposes as “a ouide to judgment”

ior determining the size of openings fequired:
¢ Area of water way in square feet=C "{*1 Dralnage area in acres, *
The C is the cocfficient depending upon the kind of land
v be drained. In the northeast portion of the state along the
Mississippi river where the slopes are very steep and the ground
broken. C will vary from 2=3 to 1. In the southern part of the

ate where the agricultural land is rolling but subject to floods
at times when the snow is melting or during freshets, C 1s ap-
proximately 1-3. In the north central section of the state where
the slopes are flat and the proportion of run off is small, C may
be used at 1-3 to 16, As an example oi this.—if the dramage
area in the north central section should be 200 acres, by this
formula. using a coefficient of 1-6. we would have area of water
way required=1-6 *V ( 200 ) t=1-6%54=0 sq. ft.. which would be
equal to a 3° x 3" culvert. Such a formula must be used with
a great deal of judgment and the records and experience of peo-
ple living near the streams should be given considerable weight
in fixing the high water mark and the amount of water carried
during flood times.

2. PILE BRIDGES. Much improvement ¢an be made in the
quality of the ordmary pile bridge, whether erected under con-
tract or not, by obeying the following suggestions:

Materials. Dile bridges should never be more than thirty
feet high as the length of piling becomes too great. All piling
should be inspected on delivery fot size, quality, straightness and
general conformation to specifications.  Red cedar and vak are
the best kinds of piling and for floors and other dimension, tak-
ing into consideration cost and supply, fir is probably the hest
available lumber, Timber should be uniform in quality. Large
heart-checks. coarse growth, opew grams are objectionable and
a1l timber showing such should be rejected.

Design. A pile trestle should contain at least four piles
and if over ten feet high the outside piles should have a batter
of two or three inches per ioot. For heights of trestle greater
than ten feet, the piles should be sway braced by 2x3"”x12" diag-
onals bolted to the piles which they e€ross.

e e

«From Masonry Construction, Prof, 1. O. Baker.
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bon. Carroll and Clinton, In a few cases the township road of-
ficers are taking up the work, as is reported from Wapello and
Grundy counties. Among those reporting ‘‘no concrete used”
are a number of counties in which there is every reason to believe
the work has already begun, and the report must be incorrect
or at least incomplete. The counties which have begun the
use of this material are holding steadily to their course and

building each vear a number of permanent structures.

Tht‘ fol-

lowing schedule shows the work done in a number of these

counties during the past yvear.
the flat top culverts and the
arch top culverts and bridges.

=

SCHEDULE ONE,

The first schedule (One) is for
second schedule (Two) is for the

County Flat Top Culverts or Bridges Cost
Blackhawk, four 26 ft. clear span, Thatcher bars. ..... $3.150.00
two 23 ft. clear span, 1 per cent X sec. ared. 2,480.00
one 20 ft, clear span, 1 per cent SeC. ared. 400,00
Boone, 14 it. clear span, 2,000 Ib. I T v, Sy S T Y 271.00
Bremer. four 12 ft. to 16 ft. spans, R. R. rails and 34 in.

to 134 in. steel rods ave, 5 ft. span, Kahn bars.. 123.00

Greene. 16 ft, span, Kahn Dags. .. ..coscasvae oo 400.00
s ft. span Go Ib. R. R. PR ok oy wae bk A 103.00
Dickinson. 5x5 ft, top 3z in. round rods, 2 in. ¢ to ¢, cu.

}'t‘l. ......................................... H.00
Humboldt, 4 1. 30 ft, Jong, . .« cavioe s sniisvm ecnn e nes 165.00
Hamilton, 2x2— 38 ft. long, barbed wir€. ..ccoouooen s 76).40

2x2—40 ft. long, barbed wire.. ... ......... 70,00
Poweshiek, 4—60 ft. long, Kahn 1 in. cc. Concrete

$7,50 P Yloran san sdanme wis it inmeas SRS RS 730.00
Story, 4x0—16 ft. rOadWay. ..covsceanrisvnsnrane s 300.00
Washington, 3 ft. span, 3 . gas pipe, I8 in. €C.. ... 100,00
Woodbury, 6 ft. span, 6o ft. long, Johnson bars and

Wire MESIHDE & s cumpms 0w elan s mniswetsiabssns bl (00.00

SCHEDULE TWO.
County Arched Top Culverts or Bridges Cost
Blackhawk, 17V ft. span, 1 per cemnt sectional area,

Thatcher BALS, <o b v sin 53 4.5 2000 ¥ ed s B AT S0 ix b2 6/8 $1,200.00
Bremer, O it—6 ft. to & ft. span, barbed wire, ave...... 75.00
Hamilton, 6x3 ft. 3 in,, 40 ft long 200 Ib. barbed wire. . 287.00

5x6 ft. 4 0., 40 ft. long barbed wire........ 300.00
3x4 ft. 6 in., 4o ft. long, 120 1b. barbed wire.. 30000
SEOEY, & FEBPEB, £ o8 ran sios wnid s weisamass R pr A s 370.00




Tama, 3-6 ft. span, $9.45 per cu. vd.
Woodbury, 12 ft. span, 837 in. x 22 ft. 6 in. Johnson;

263510, 334 It JORBBOEE. « . oi 0its s soda 502 v s Fo's 800.00
WWorthy 1011, SDan, BONE., . 3 Lt dauriy i Senvralls s P ets 210.00
8 Ib P, BOHR. 3 b BE e ea oo 230 TROB

Schedule Three inchides cost of brick and stone arches.

SCHEDULE THRETL

County Brick and Stone Arches Cost
Boone, brick arch, 5 ft. span, 50 ft. long. ............. $ 350.00
stone arch, 5 ft span, 30 ft lnng, BRI £ e 1064.00
Union, brick arch, 6x6—20 ft. Jong, $13 per ft......... 260.00
brich arch, 6x6—26 ft. long, $13 per ft...... ... 338.00

Cost of Concrete Work. Particular attention is called to
the range in prices as given for the different counties. This
may be accounted for in a measure by the variation in the price
of the materials delivered, and also the relative difficulty of pur-
suing the work under conditions imposed by the location of the
structures. However, these reasons are not altogether satisfac-
tory when the range of prices is so wide, For instance, one
county reports the work to cost 35¢ per cubic foot which means
$9.45 per cubic yard, while another county reports the concrete
to cost $6.50 per cubic yard., A good example of the reasonable
cost of concrete work under favorable circumstances is the re-
inforced concrete bridge reported from Boone county, The abut-
ments and wing walls are about seven feet high and eighteen
inches wide on top, with a batter of about 2” to the foot on
the outside. The top is a 147 slab of concrete with a clear span
of 14 feet reinforced with seven lines of 6”7 1 beams having their
ends embedded in either abutment. There is a 16 foot roadway
with a 10" felloe-rail on either side and a two-rail gas pipe
railing. Sand and gravel cost $1.00 per cubic vard and cement
$2.00 per barrel plus haulage. The structure completed cost
S271.00.

The following itemized statements of concrete work are
taken from a paper read before the I. G. R. A. by Ienry Haag,
supervisor of Green county:
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ITEMIZED CUSTS,
¢ FT. X & FT. REINFORCED CONCRETE CULVERT.

Foundations required piling and three feet of excavaton be-
low bed of stream.

40 yards river gravel hauled 334 miles @ 75C. ... ... $ 30.00
40 bbl. Portland cement (i1 BB, . siwiiviasmanadnnnians HU,I:IIJ
~ nes. 77 I-beams. 107 [bs. ﬁ'l_‘ % e R A P (S P 10 .5
) f._,..];,:_ ~1d iunk rods and bars at 6o¢ per handred. .. ... 4.8
28 Stub piling 10 @ z0c each. . ... easeaaiasseteens 14.00
' 2 men and team two days driving pling (@ 90........ 12.00
| 4 men excavating 2 days (1) S_I.;t.l ................. _}.511
' Use of lumber and w astage 185 TOFINIS . v o ar s S0 0o 0 mis la,t_u'l
Hauling piles, pile driver, lumber and cement andl tw.-b. : l:ao
Filling in bridge after completion, 2 men and team 1 day 4.50
5 men 1 day taking off forms and false work (@ $1.50. . 3.00

| —— R ——— e W

- Deducting for extra work in driving piing ¥ hich cost. . 00
l -
| ‘ ' "y $ 197.5

? Cost of bridge in ordinary ground...........o.o00e o9 19759
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Fig, 34— Flat Top Culvert near Jefferson, lowi.




The cost of the concrete in this bridge was $6.00 per vard,
there being 33 yards of concrete in the bridge, as follows:

Foundations contained ............ o 22 o 1.
Walls and wings......... o dioniama atiies SO R R
SID TOBE . S s e 220 cu. ft.
Wheel guabd 1. 0020 o iy el 43 cu. ft,

887 cu. ft. or 33 yards
The following is the cost of the different items per vard:

ESEIRBHE .« o i g e e I R L D o = PN b g o $ 2.40
LAVDL 5 cciiis s inior s vy 6o ba s A b B o Bodlmcatia o sutidy | B R
L IR P B ko - Mgl A Baals SRR A SRRET 5
g ) B I S Pl Ll R ot O
LABUBET 50 <5 735 vnh a bl Skt SR i N U 50

$ 6,00

ITEMIZED COST,

7 FT. X 8 FI. REINFORCED CONCRETE CULVERT.
Foundation on blue clay three feet below bed of stream.

8 yards pit gravel donated and used in foundations.

SO yargs Liver gravel @ $Y. i vt o saons sonit $ 50.00
6 bbl. Portland cement @ $2. ... oo v fn e om0 130.00
Kahn trussed bars for reinforcing slab floor. ... .... ... 50.00
2400 Ibs. old junk rods, bars and angles @ 6oc. .. .., 14.40
Excavation, 2 teams, 3 men 3 days (@ 88, ........... 24 .06
Lumber, use of and wastage for forms. ... ... ...... .. 20.00
Considerable bridge lumber that we had on hand was
used.
Joists, etc., not damaged and no charge made against the
work.
Sl DR e e VR TS R < e e R e 10.00
4 men 6 days (@ $2, mixing concrete.............. .. 48.00
Man and team (@ $3 hauling water, gravel and cement to
beehi Vgl s T T R Y e S 18.00
2 men I day @ $2 taking off forms.... .. .. ... . 4.00
Team hauling lumber and tools back........... ... .. 3.00
Filling in dirt on and around bridge after completion, 2
PERIY GRE AN D B o s v et 6. 00
ROISD g Lo o o0 ettt o S e $ 385.40

- T e T
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Fig. 8556—Test Culverts of ITowa Highway Conimisslon, showing wing walls and
short section ot Culvert

Porrraxp Cement. The superiority of Portland cement
over either natural or slag cements would recommend its use
even to the exclusion of the others. The manufacture of this
ceimment was first begun in 1827 and it takes its name from its
resemblance in color when set or hardened to the stone found on
the Isle of Partland. It is the product of the burning together
of about 75 percent of limestone and about 25 percent of clay,
finely ground and intimately mixed together and burned to the
paint of incipient vitrification, or the point at which the materials
fuse, forming a clinker. ‘This clinker is then ground to a Very
fine powder which is placed in bags or barrels ready for the
market.

There are a number of very important considerations which
effect the quality of the finished product, the first being the
composition and proportioning ef the raw matevials. 1If the pro-
portion of lime is too high the result will be a cement which sets
slowly and will likely contain “free” lime. If the proportion of
clay i1s too high the clinker is likely to be overburned and the
setting or hardening quality of the cement will be damaged, if not
destroyed.

There are also a number of substances. such as magnesia
and sulphate of lime, which are regarded as impurities detri-
mental to the quality of the cement if found in anv considerable
amount, and the raw materials must be so chosen as to give low
proportions of such impurities. -

The second consideration is the burning or clinkering of the
materials. Revolving, cylindrical kilns are used. the raw mater-
ials passing in at one end and issuing from the other in small
black lumps or clinkers. Under-burning does not often occur
except with a muxture having too high a proportion of clay or
in consequence of some defect in the kiln itself. An example of
this occurred where the product of a certain kiln was changed
from a poor to a standard gradd of cement by increasing the

o ——
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length of the kiln about 20 feet. Under-burning produces 4
quick setting, weak cement and one which would usually fail to
pass the fineness test.

Over-burning is also apt to occur with a mixture having
too high a proportion of clay, and the product will be a slow
setting cement, deficient in hardening qualities.

Tests oF CEMENT. To prove the quality of cement a num-=
ber of standard tests have been devised as follows:

(1). Tensile Strength,
(2). Time of Setting,
(3). Soundness (4). Specific Gravity,

These tests are reliable when conducted in a hrst class labor-
atory and there are sufficient “tricks of the trade" to make it
desirable for prospective purchasers to order cement subject to
the standard tests.

Two sets of standard cement tests are in common use,
namely, the U. S. Army Specifications and the American Society
for Testing Materials Specifications. The latter is perhaps the
most generally used now. The respective requirements of these
specifications are given in the following table taken from En-
gineering Experiment Station bulletin, “Trsts of CEMENT.”

Specification Requirements for Portland Cement.

i e — e . — e e —— —

e S M s e ———

Kind of Test A"Il"eesrgltuds? ?“":t'g:.}“;li“' 7. S, Army Engineers
Max lbs, Slow Quick
Min. per sq. in, | Setting Setting
Tensile Strength
Neat 1 day old 150 20)
Neat 7 days old 450 500 430 1w, per Jo0
Neat 22 days old 550 G0 o0 8. in. 480
1 cement to 4 sand.
7 davs old 150 2N | 400 o
2% days old 200 200 220 150
Soundness Pats Cold Test and Steaming 8| Cold Test and Bolling 6
hours hours after Set
After Set 24 hours
Fineness Not Less Than Not Less Than
Passing No. 100 sigve w2 per cent (2 per cent 92 per cent
Passing No. 200 sieve 76 per cent o
_ Slow Quick
Setting Setting
Time of Settling Not Less Than 30 min. Naot Less
Initial Set Not less than 1 hour Than 4 m. 2030 m.
Hard Set Not more thap 10 hours Not More 4im. —
Than 10 hrs gL hirs.
Specific Gravity Not less than 3.10 Between 5,10 and 2.25
Sulphuric Acid (503) | Not more than 1.75 per cent
Magnesia (MgO) ' Not more than 4 per cent o5k

The bulletin named gives the results of tests made in the
laboratory on many of the brands of cement offered for sale
throughout the state. It 15 sent free on request.
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Tre Purcaase oF CemeNt, Many of the counties are be-
ginning to buy cement in car load lots and the following speci-
fications for buying is recommended to trustees and supervisors:

SPECIFICATIONS TO AccoMPany Omrpers vor Porrraxp Ce-
MENT.

Condition on Delivery, The cement shall be packed in
strong and nndamaged paper or cloth sacks, each stamped with
the name of the cement and company manufacturing same. The
average net weight of the cement shall be 94 Ibs. in each sack.
It siiall be dry and free from lumps.

Tests.  The quality of the cement shall conform fully to the
requirements of the 19og Specifications of the American Society
for Testing Materials. Tests to be made in any laboratory selec-
ted by the purchaser.

Failure to Pass Specifications. 1f the cement fails to pass
the requirements of these specifications named, the cement shall
be rejected, and removed, all to be without expense to the county
or township.

Agreement.

We (name of company| accept the attached order on the
conditions named above.
Signed: 05 o, TSR e, ( Company )
By oaing siatea s , Agent

PropuctioNn oF CemextT. The production of Portland ce-
ment in the United States for 1gog4 was 26,505,881 barrels, an
increase of more than four million barrels over the 1903 output.
Up to the present time there have been no cement factories in the
state, but recently definite steps have been taken to establish a
Portland cement factory at Mason City,

The prices paid for cement have varied considerably in the
different counties, varying from $1.50 to $2.50 per barrel, With
the establishment of new factories, and an increased output from
those already in operation, it is not likely that the price will re-
main Jong above the quotations for the past vear.

DIRECTORY OF CEMENT MANUFACTURERS.

AA Chicago Brand Portland Cement—
Chicago Portland Cement Co., 211 Stock Exchange Bldg,,
Chicago, 1L
Alpha Brand Portland Cement—
Alpha Portland Cement Co., 740 Marguette Building, Chi-
cago, 11l
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Alsen Brand Amerncan Portland Cement—

Alsen’s American Portland Cement Works, Alsen, N. Y.
Atlas Brand Portland Cement-—

Atias Portland Cement Co., 30 Broad St, New York City,
Bronson Brand Portland Cement-—

The Bronson Portland Cement Co., Bronson, Michigan.
Puckeve Brand Portland Cemente—

uckeve Portland Coment Co., Bellefontaine, Ohio,
Dragon Brand Portla ‘ement-——

he lawrence ( t Co., Siegiried, Pa.
f Jant Bramnkd Hortan et -

nerican Cement g @2 8. 15th St Philadeiphia, Fa.
lala Drand Yortland wnl—

Inla Portland Cemcut Co, lola, Kan.
Lehigh firand Portland Cement—
Lehigh Portiand Cement Co., Allenmtown, Pa,
Marquette HBrand Portland Cement-—
Marguette Cement Mig Co., LaSalle, I
Ow! Brand Portland Cement-—
German-American Portland Cement Works, 1511 Mar-
quette Bldg., Chicago, 1L, and LaSalle, Til
Peerless Brand Portland Cement-—
Peerless Portland Cement Co., Union City, Mich.
Red Ring Brand Portland Cement—
St. Louts Portland Cemtent Co., St. Louis, Mo.
Saylor's Brand Portland Cement—
Coplay Cement Mig. Co,, 1123 Broadway, New York City,
Sunflower Brand Portland Cement—
Kansas Portland Cement Co,, lola, Kan.
Universal Brand Portland Cement— -
Cement Department Hlinois Steel Co., The Rookery, Chicago.
Vaulcanite Brand Portland Cement—
\'uleanite Portland Cement Co., Land Title Bldg., Phila-
ill‘I '*hi-l.
Y:ﬂlktr-:i"l DBrand Portiand Cement—
Western Portland Cement Co., Yankton, S D

SAND.

For the purposes of this article, to distinguish sand from
gravel, such material as passes a No. 10 screen, i e a wire
screen having 10 meshes per lineal inch or 100 meshes
inch. will be called sand. The possible supplies are ak
stream beds and gravel banks, either near sireams, in which
case the material has probably been demed by water, or re-
moved from them, which signifies its glacial deposition, Water
tends to separate the sand into uniforn: sizes cent.

per .
¢ the
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of voids may run high in river sand beds or banks, but it is
usnally freer from loam and vegetable matter than the other class
of gravel banks. Any of these sourees will usually supply a good
grade of sand if proper precautions are taken. The material
must be free from vegetable matter of all kinds and although some
laboratory tests show that the presence of even a considerable
per cent. of loam does not have any injurious effect upon a
medium mortar, e. g. 1 part cement to 3 parts of sand, only rea-
sonably clean material should be used. lLoam or earthy matter
does not have the same specific gravity as sand and in ordinary
mixing would not be unitormly distributed through the mortar,
but more important than this is the detrimental feature of intro-
ducing too much fine material. That the sand shall be clean is far
more important than whether it is round or sharp and a
sand that is made up of different sizes of particles is much Detter
than one having uniform grains,

The cost of sand delivered at the work during the past year
was from 25 cents to $1.00,

Tests of Sand for Concrete. Tables of tests of Jowa sand
and gravel for concrete are given in Section Four,

SCREENED GRAVEL AND DBrokeN Stoxg.  Screened gravel
ranging from particles just retained on a No. 10 screen up to
pebbles 2 1-2 inches in diameter makes an excellent aggregate
for concrete. Such a material will contain a smaller per cent,
voids than broken stone with angular fragments.

Stones broken to pass a 2 1-2 inch screen for slabs naot less
than 6 inches in thickness, and broken to pass a 2 inch

_ screen for slabs nnder 6 inches will prove equally satisfactory.

The question of relative strength need not enter this discussion
as with first class materials of each kind the choice should be
based entirely on the cost per cubic yard delivered. I there is
considerable percentage of stone dust, the amount of sand should
be decreased.

The cost of crushed stone will vary with the distance from
a crusher. A good grade of stone can be purchased at 6o cents
to 65 cents per ton (2227 lbs.) f. 0. b. the quarry., The freight
rate when consigned to road officers for a 50 mile haul is about
52 cents per ton.

Digrcrory or Crusper CoMpaNies

 About the only deposits in Towa suitable for crushing are the
limestone. There are a few counties in the eastern part of the
state where g‘rfmite boulders are scattered over the ground in
sufficient quantities to warrant their being used for this purpose,
but at present the only crushed rock available is that from the
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limestone quarries. There are a large number of crusher plants
in the state and a list is included here for convenience in ordering.
Arquitt, B. N. & Sons, Farley, Ia,, C. G. W. Ry.
Bealer, E. . C., Cedar Valley, la, C, R. L. & P,
Cedar River Stone Co., Waverly, Ia,, C. G. W. Ry.
Chilton. Charles, Ottumwa, Ia., C., R. [. & P. Ry.
Dearborn. H. Bros., Stone City, Ia., C., M. & St. P, Ry.
Des Moines Dl & Crushed Stone Co., Pern, la., C. G, W,
Erickson. F. Co.. Stone City, Ia., C;; M. & St. P. Ry.
Elisworth Stone Coi, Iowa Falls, Ia., 1. M. I. F. & N. Ry.
Kemper, E. (.. lurlington, la., Burl. Rt.
Linswood Quarry Co., Linwood, la., C., R, I. & P. and
C. M & St. P. Rys
Ie Grand Quarry Co., Marshalltown, la., C. & N.-W. Ry.
[Laines. Andrew, Dudley, Ia, C., B. & Q. Ry

MceManus & Tucker, Keokuk, la.. C., B. & Q. and C.. R
I. & P. Rys.

Shields. T. F. & Sons, Dudley, Ia., C. B. & Q. Ry.

Owing to the wide variation in the guality of the limestone
which we have in the state, a careful investigation of the pro-
ducts should be made before a supply is ordered. Probably the
best rock that is now available is the blue limestone.

UxscreeNep Oraver, By far the largest proportion of
gravel which has been used by the county or township road men
has been unscreened gravel or sand in some proportion such as
I cement to 5 or 6 parts gravel and sand. Such a material costs
from 30 cents to $1.25 per cu. yd. delivered, The use of the
unscreened material will be diseussed under the paragraph on
prupm—tinning.

“Tn using gravel for concrete, care must be taken that it is
free from dirt or soil. Some engineers claim gravel with 12 per
cent. soil distributed through it does not injure it for concrete
purposes. \We have obtained good results with a pit or bank
gravel that was washed clean and with clean river gravel. We
would not use or advise the use of dirty gravel.”*

It is very likely that some concreic that has been made with
a poor quality of gravel will deteriorate very rapidly under frost
action and it is poor economy O Usc such gravel or sand for

concrete work,

Concrete. Concrete has been defined as “an artificial stone™
an¢ the nearer it approaches the nature of a good natural stone,
the hetter results it will give. It may be regarded as having
4 matrix or mortar of sand and cement in which are imbedded

e —

sPaper by Henry Haag, (ireene County.
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and entirely surrounded by this mortar, larger particles of inert
matter such as gravel or broken stone,

There are four conditions which govern ar limit the strength
and durability of concrete:*

I. The quality of the cement.
2. The texture of the aggregate.

3. The quantity of cement in a unit volume of concrete,
4. The density of the concrete.

The quality of the cement and the texture of the sand,
gravel or broken stone have been discussed. The amount of
cement per unit volume and the density of the concrete is depend-
ent upon the proper proportion of the material,

Prororrions For Use. Much work has already been done
with a proper understanding of #he necessity of carefullv pro-
portioning the materials. For the mortar a 1:3 mixture at least
should be used and for a stronger concrete 1 part of cement to 2
parts of sand. This point of having a good mortar cannot be
emphasized too strongly as there is no doubt that some of the
counties are using mortars entirely too “lean” or deficient in
cement, A mortar containing too much sand is not only weak
but at the same time uneconomical.

The following schedule shows the decrase in strength of
mortars as the proportion of sand is increased,

Scurpure Four

Strength of Portland Cement Mortars in Compression.
Age 4 Months--Watertown Arsenal.

T— - T e
Proportions by \ olume Compressive
Cement Sand Strength per sq. in,
1 | RS 1370
1 J 2 1 2500
i | 3 1812
1 | 4 N30
i | 3 532
1 | 0 . 1030)

The strength per sq. in. in compression of the 1:4 mortar is
less than one-half the strength of the 1:3 mortar, and anly one-
third of the 1:2 mortar.

*Tayior and Thompson—Concrete Plain and Reinforced,
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The theory of the proportioning of the materials for con-
crete is to select such an amount of each that it will exactly fill
the voids in the material of the next larger size—that is, the
cement should thoroughly coat the grains of sand, and the mortar
should be sufficient to completely fill the voids in the broken
stone or gravel. To gam the greatest strength with the least
cement. it 1s necessary that the materials be correctly proportioned,

and this should he done before any piece of work is undertaken
that will involve the use of a large quantity of a certain kind ol
material.  The following proportions are given as a guide to
the _L_:cll-:".';ﬂ_ practin at this tume.

For arches and flat tops for culverts:

1 part cement, 2 parts sand, 4 parts broken stone, or

1 part cement, 1 1-2 parts sand, 4 parts sereened gravel,

For wing walls, or piers, or abutments:

1 part cement, 3 parts sand, 6 parts broken stone, or

1 part cement, 2 parts sand, 5 parts screened gravel.

Where a gravel concrete is used engineers ordinarily re-
quire about ten per cent. additional cement 1o be used over
broken stone concrete.

Brokex Sroxe ve. Gravir. There is considerable discus-
sion as to which is the better for the aggregate in concrete.
In reference to this it may be said that the gravel is ordinarily
a harder and tougher material than the broken stone. It is
rounded so that less bridging occurs to form veids in the concrete.
Less ramming is required, and with the well selected gravel there
is less danger of an improper proportioning of the materials. On
the other hand broken stone, being sharp and angular, gives a
better surface for adhesion of mortar and is ardinarily cleaner,
For ordinary work the advantage w ill lie with the material which
‘s available at the lowest cost, as good work can be produced
with either provided careful attention 1s given to the selection and
proportioning of the materials,

The cost 0f screening gravel may be estimated at 35 cents
per yard, and it is recommended that only screened gravel be
used except on very small jobs. For cunlverts under a five foot
<pan the unscreened gravel can be satisfactorilv used if when
tested with a No. 10 screen, the proportions give a mortar not
weaker than I part cement to 3 parts sand.

In figuring the cost of concrete it is desirable to know how
much material is required to make a cubic vard of concrete of
different proportions, and for this purpose the following table
has been prepared.
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SCHEDULE FIVE.

Quantities of Materials for | cubic yard of Rammed Concrete.
Cement 3.8 cu, ft, per bbl.’

PROPORTION BY PARTS ” PROPORTION BY VOLUME
: =)
| ¢ | Sand gmverorb
Cement | Sand | Stone | %ﬁfm f . r}l*d. ,mi?:] ;;:mem
e W . = | i e : e SRR
1 | P 4 | 1.57 | 0.44 | (88
| 2% | ! i 1.5 i (.46 0.92
| 2 o 1.10 ' 0.47 0.4

[f unscreened gravel is used the amount of matenal required
will be about as given in the following schedule. It must be
accented that these tables are given for estimating quantities but
are sufhciently close to approximate the final cost.

SCHEDULY, SIX.

Quantities of Materials for 1 cubic yard of Concrete. Using
Unscreed Gravel.

FROPORTION BY PARTS PROPORTION BY VOLUME
Crruvel ' _ Gravel
e e __-._.__l__ — SAN— —_— AL N e || T
| | |

1 } 4 ! 1.78 | 1.00
1 | 5 { 1.40 1,05
1 i (i 1.28 ].Ox
1 : ] 0.4 (.97

Mixing. There are two methods of mixing concrete on
the work, (1) by hand, (2) by machinery.

When hand mixing is employed a tight platform should be
built near the work. The material, except the cement, mav be
measured in wheel barrows or bottomless boxes, but such an
amount should be mixed at one time as will require an even
number of sacks or barrels of the cement.

The sand should first be placed on the platform, then the
cement spreal evenly over it. The shovelers, working in pairs,
turn these ingredients until they are thoroughly mixed dry.
Water is added and the operation continued as long as necessary.
The broken stone or gravel is then added to the mortar and the
concrete thorougly mixed., Three to five turnings are ordinarily
necessary to accomplish the best results. ' '

* Taylor and Thompson—Conereéte P, and R
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For ordinary use a wet mixture is recommended, especially
in thin slab construction reinforced with steel, It is important
however to have the forms almost water-tight or a considerabie
amount of cement may be carried away by the excess water. A
wet mixture requires all the water that can be incorporated with
the mixture.,

For small jobs four men can work to advantage in mixing
the concrete and should mix and place about seven to eight cubie
yards in 10 hours il there is no delay in building forms and if
the raw material is close a1 hand and the concrete can be shoveled

O 1:7.-.'.\‘1' from e nuxmng ;:Ialfﬂﬂﬂ.
This platform shou!d be about 15 feet square with a narrow
edge around two or three sides. It should be water-tight and

finished with no projecting nails or edges on top. There 15 2
tendency to adopt the mixing box and hoes used commonly by
plasterers but this is a Jdow uneconomical method compared to
the mixing platform and square pointed shovels,

Machine mixing can be used to great advantage on work
requiring considerable concrete. Greene county which is doing
a large amount of this work has purchased a steam mixer and
keeps the concrete gang constantly employed. 1f a machine
mixer is used the cost of labor will be less and the product will
be more umform.

Placing the Concrete.  The forms for the concrete should
be constructed of lumber so stiff that there will be no bulging
when the concrete is rammed into place. The simplest manner
of holding the forms true is by bracing the outside and also
wiring across between the forms. When the concrete is set the
wires can be clipped close to the surface.

The concrete should be deposited in layers not over ( inches
in thickness and thoroughly rammed into place, With a wet
mixture only a slight “settling” or “joggling” should be given
the material. Forms of one inch lumber should have studs not
over two feet apart and of two inch stuff not over four feet
apart with such external bracing as 15 necessary. For the com-
paratively thin slabs a <mall rammer should be used and care
taken to compact the concrete around the steel remnforcement
without displacing it. Considerable care should also be taken
not to drop or throw the concrete any distance as this separates
the different materials and destroys the homogenity of the pro-
duct,

When joints have to be made between two days work, the
surface of the concrete should be left as rough as possible. Ba-
fore a fresh layer is added, the old surface should be thoroughly
cleaned and wet, then to msure a wood joint, neat cement should
be sprinkled over it.
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The following schedule gives the dimensions of some of the
standard designs.

Dimensions of Standard Culverts.

e e e ————— — ——— —

Thickness of Conecrete I Steel Reinforcement—No. of Corr. Bars
e . I " a4 ‘_I - 7 e
Size | Top | Sides | Bott'm| Top Sides i Bottorm
3x2 | 6in | Gin . | oim —8m.Cte © | 1&in. —24in. CtoC | Jgin. —24in.CtoC
2x3 | Tip. | Mo | 8N n.—7i0.Cto C | Min.—24in.CtaC | % in,—1®in.CtoC
IX4 Bam. y Bin. | O it —6in.Cto C | B in.— 2 in. CtoC “F.in.—':—l;n,CtuC
bxt 0 1n Tin. | Aan hin.—&in. Cto C | '} in,—20in.CtoC | % in.—%in. CtoC
Xt 10 im. A in tin., | Y in,—%in, Cto C | g i, — 16 in. Cta C 4 in — 16 in. Cta C

— = ——

To substitute any other form of bar in the standard plans
choose an equivalent area from Schedule No. 7 and select the
size of bar corresponding to this area from Schedule 8.

SCHEDULE SEVEN

Table oi Equivalent Steel Areas for Use in Standard Plans

e e ———

| Secrional_Area _of High Sectional Area of Low
SIZE OF BAR | Elastic Limit Steel with Elastic Limit Steel with-
| Mechanical Bond out Mechanical Bond
e e s -
14 inch | 0,25 .31
- | (.49 049
3 - | (1,56 050
', 0.56 0.95
Bl 1.00 ‘ 1.25

SeaEpULE IcHT

Areas and Sizes of Various Reinforcing Bars.

e ——— e e ——

| | Area Weight L
NAME OF BAR ‘ Size | _ pet per DESCRIPTION
1 EQr In! Lln- F‘o

Corrugated Bars o 0.26 0.851b. |High Elastic Limit Steel.
S0ld by the A" 0,49 1.33 Square, Corrugated.
Expanded Metal and ag " 0.66 1.91
Bar Company, %" 0.766 2.60
at. Louis, Mo. : il 1.00 | 3.40 _ L )
Pansome Bars 15" 0,25 0.85 tligh Elastie Limit Steel.
Sold by the %" 0,39 1.33 Round Twisted.
Ransam#s and L i 0.56 1.01
Smith Co, " 0.766 2.610
New York. 1 1.00 3.40
Thalcher Bars 14" 0,18 0.6l Low Elastic Limit Steel
r%nld by the s 0.28 0.95 Round Corrugated,
Conerete Str*e{}‘ 3:. i 2,51 1_’;2
Engineering Co., /' oD BT
New York. o L 0.71 2.42 Pl W
- 15" 0.25 0.85 | Low Elastic Limit Steel,

e | N | 0,06 1.91 Stquare  Smoath,

by 1.00 2.40

1 0196 0.67 Low Elastic Limit Steel.

" .44 1.50 Round Smooth.

/g 078 2.67
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“Ordinarily independent foundations are built for the side
wall in the case of larger culverts and are connected by a 35 inch
slab of concrete to protect from undermining. The remforcing
ased amounts to 1 per cent. for the culvert tops and one-half per
cent. for the sides. While corrugated bars are mentioned in the
above tables the specifications provide for using plain bars if
more economical,”

There is considerable discussion among engineers as to the
relative merits of a high or low elastic limit steel. The tests
made so far show a higher strength developed by the use of the
high elastic steel with a mechanical bond.

Cost of Steel, Patented forms of steel in small quantities
eost delivered $2.75 to $3.25 per cwt. cut to lengths. Plain mild
steel bars cost $2.20 to S2.60 per cwt. delivered.

Standard Plans. \ number of cuts of the standard plans
of the Commission are included. The original design is 12 in. x
18 in. in size and blue prints together with specifications are pre-
pared and sent free of cost to road officers. How important it
is to adopt standard plans and to require strict adherence to the
terms of the specifications by contractors and foremen is shown
in the accompanying figure.

el L LY
. s W _J
. |.. ’?’Tr" .
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Flg. 36 —Fatlure of Spapdre] and Wing Walls on 12 foot Suly Culvert

o — e B

ey

R = e N L e

.

T T T S B T —— -

e e — e



113

Plans were submitted and approved for a 14 foot slab top
culvert reinforced with steel. The contract was let on these
plans and the above 1s a photograph as it now stands. In place
of following the plans submitted the contractor substituted a 12
foot arch culvert as shown in Figure Thirty-seven. The wing
walls are not worthy the name of being walls as they more nearly
resemible batches of concrete shoveled down at the end of the
~alvert. without anv particular design or form. The poor little
spandrel wall is 6 inches thick and 18 inches high to hold a hll
bout 8 feet high. On the opposite end it has shoved out about
three inches and is now tottering ready to fall. Such work as
this will check the development of the use of concrete and cause
counties and townships to lose faith in the material that is by
A1l odds the best for use in bridge and culvert construction.

Foremen and Inspectors.  The Commission is constantly
in fouch with concrete foremen and mspectors and will help any
county to secure competent men for this worlk.
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Fig. 837—A Tvypical Timber Culvert in Typical Condition
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SECTION EIGHT.
SPECIFICATION.
TT'I'.' SiN »'1T‘|1'1'::~'1- w‘ncil!*.luil {1 l‘H;' Chﬂpll't‘ Arce those com-

Wh ones given here .'m: much abridged,
definite and comprehensive than those

{ LI il |
-. fect tl . the counties and townships
| he ot T 1S rollows:
] e DRAINS. Recommended by Civil Engincering

i.il_'[l.
Vacapam Roaps, Clinton Lo,

=
L

SrerL BRIDGES, Abridged from the American Puild-
il];_: ‘L_"I- :‘“

Al il.ri1 i lu. C‘It'lt. At Oms,
4. CONCRETE FOR CULVERTS AND DRIDGES
~ PorcHASE OF CEMENT IN SECTION DEVEN.
1 STANDARD SPPECIFICATH WS—TILE DRAINS
CONTRACT
It is hereby agreed between. ....... B s |3
.......... contractor,

for the 11111|1-'||n' of the tile
constrmct

employer, and. .. oo
that the contractor shall, except
along the ditch and the refilling of the ditch, entirels
for the emplover the fallowing described drains:

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

[t is further agreed that for Hu above nuTL Ihl unplunr

'FJ.';H iy the i"”*i'."l.:.”'_'[ ]n'\-.‘-.'u',

It is further wuui that the Unplm.- Bivaatale MR AR
Ill!lll-'il h--ml free to i]IL U!tll'l"lf.tnr

asecution of the work.

........................
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It is further agreed that the contractor shall begin thework
o] P 8 e h Cerssesasassaeraascind complete the
BRI TN L i o g AR N e
It is further agr eed that all the above work and the pay-
ments therefore shall be in strict accordance with the specifi-
cations given below and with the engineers’ maps, profiels, and
plans, all of which are hereby made a part of this contract.
Witness the hands of the respective parties, this..... ...y
HAYI0Y 7s s P sl e S 7, 0 b I .
................ e v v on . cEmployer.
AR AR RS, Contractor,

SPECIFICATIONS

1. STakinG Our T Work., The work will be staked out by
the engineer, and his stakes must be carefully preserved and fol-
lowed,

2. Diccinc rae Dircues. The digging of each ditch
must begin at its outlet, or at its junction with another tile
drain, and proceed tow ard its upper end. The ditch must be
dug along one side of the line of surveyv stakes, and about ten
inches distant from it, in a straight and neat manner, and the
top soil thrown on one side of the ditch and the t]ﬂ"; on the
pther. When a change in the direction of ditch is made, it
must be kept near enough to the stakes so that they can be
used in the grading bottom. In taking out the last draft, the
bade of the H[IEIJ]L must go not deeper than the proposed grade line
or bed upon which the tile rests.

3. Grapine 7RE Bortom. The ditch must be dug
accurately and truly to grade at the depths indicated by the
figures given by the engineer, measured from the erade stakes.
At each grade stake a firm support shall be erected, and on these
supports a fine stout cord shall be tightly stretched over the center
line of the ditch and made parallel with the grade by careful
measurements at each stake, using a carpenter’s s lev el. Supports
shall be kept erected at three grade stakes, and the
work checked each time by sighting over them. Intermediate
supports shall be set and Hlned in b*. careful sighting wherever
necessary to support the cord every 50 feet. A suitable measur-
ing stick shall he passed along the entire ditch and the bottom
in all parts made true to grade by measuring from the cord. The
bottom must be dressed with the tile hoe, or in the case of large
tiles with the shovel, so that a groove will be made to receive the
tile, in which the tile will remain securely packed in place when
laid.

SIS P S —————
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4. Lavine THE TILE. The laying of the tile must
begin at lower end and proceed up-stream. The tile must be
laid as closely as practicable, and in lines free from irregular
crooks, the pieces being turned about until the upper edge closes,
anless there is sand or fine silt which is likely to run into the
tile. in which case the lower edge must be laid close, and the
upper edge covered with clay or other suitable material. When
‘1 making turns, or by reason of irregular shaped tile, a crack

of one-fourth inch or more 15 necessarily left, it must securely
covered with broken pieces of tile Junctions with branch lines
aust be carefully and securely made.

5. DBINDING ¢ Tme. After the tile have been laid
and inspected by the employer or his representative, they must

1

he covered with clay to a depth of six inches, unless, in the judg-
ment ol L ":“l"' ver or his rt']lrce-t:l'tt:ili‘.'t*-.. the tile are suffi-
ciently firm, so that compiete filling of the ditch may be made
directly upon the tile. In no case must the tile be covered with
sand without other material being first used.

6 Risk DurinGg CONSTRUCTION. The ditch contractos
must assume all risks from Storms and caving in of
ditches. and when each drain is completed it must be iree from
<and and mud before it will he received and paid for in full. In

case it is found impracticable, by reason of bad weather or un-

Fig. 4#9—Road Materials Laboratory, showing Deval Abrasion Machine.
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looked for trouble in digging the ditch, or properly laying the
tile, to complete the work at the time specified in the contract,
the time may be extended as may be mutually agreed upon by
the emplover or contractor. The contractor shall use all neces-
sary precaution to secure his work from injury while he is con-
structing the drain.

7. Tae Tme 1o BE Usep. Tile will be delivered on
the ground convenient for the use of the contractor. No tile
must be laid which are broken, or soft, or so badly out of shape
that they cannot well be laid and make a good satisfactory drain.

8. Prosgcurion of THE Work. The work must be
pushed as fast as will be consistent with economy and good
workmanship, and must not be left by the contractor for the
purpose of working upon other contracts, except by permission
and consent of the employer. All survey stakes shall be pre-
served and every means taken to do the work in a first-class
manner.

0. SuBLETING Work. The contractor shall not sub-
let any part of the work in such a way that he does not remain
personallly responsible, nor will any other party be recognized
i the payment for the work.

10. Prant axp Toors. The contractor shall furnish all
tools which are necessary to be used in digging the ditches,
grading the bottom, and laying the tile. In case it is necessary
to use curbing for the ditches, or outside material for covering
the tile where sand or slush is encountered, the employer shall
furnish the same upon the ground convenient for use.

11, PAYMENTS ForR Work. Everv................ weeks
during the persecution of the work the contractor may claim and
the employer shall pay 75 per cent. of the value of the work
completed satisfactory, the engineer being the arbiter in case of
dispute as to the amount of work satisfactorily completed. The
remaining 25 per cent. will be retained until the entire work is
completed satisfactorily, as certified by the engineer, after a final
inspection, at which time the whole amount due shall be paid.
Prior to any payment the employer may require a correct state-
ment of all claims incurred by the contractor for labor, materials
or damages on account of the work, and the employer may with-
hold payments until proof has been presented by the contractor
glf release of all liens against the emplover on account of such

laims.
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12 Durties oF Excinger, The engineer shall have
authority to lay out and direct the work and to inspect and
supervise the same during construction and on completion, to
see that it is properly done in accordance with the contract.
His instructions shall be fully carried out.

13. Fauure 10 COMPLY WITH SPECIFICATIONS. In case
the contractor shall fail to comply with the spectfications, or re-

fues to correct faults in the work as soon as they are pointed
out by the engincer or other person in charge, the employer
mav declare the contract veid, and the contractor, upon receving
-3 per cent. of the value of the completed drains at the price

agreed upon, shall release the work and the emplover may let
11 LD 1r11ﬁ'1LT parties

9 SPECIFICATIONS FOR MACADAM ROAD.

Clinton County, 1905
DESCRIPTION

For furnishing the necessary tools, tabor and material for
grading and macadamzing a portion of the public road from the
northwest corner of the southwest 1-4 of Qec. 12, Twp. 82, Range
5, East of the sth Principal Meridian to the Ten Mile House.

LOCATION,

Sec. 1. 'The proposed work will extend from the northwest
corner of the southwest 1-4 of Sec. 12, Twp. 82, Range 3, north
7705 feet to the east and west public road. Said road to be
graded to an even and true surface according to the profiles and
stakes of the county surveyor.

Orprr oFf WORK.

Qee. 2. To make neccssary excavation and grading.
and.  To make ditch for draining.
3rd.  To place macadam.

(3RADING.

Sec. 3. As far as possible the earth removed from cuts will
be used in making fills and in grading up approaches. Where
the macadam is on a filled grade it shall be backed up with three
(3) feet of earth,
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Uxsvrranre MATERIAL.

Section 4. All material for grading shall be put on in Jay-
ers not over ten (10) inches thick, and all sod and unsuitable
material out of the main roadbed.

Finismine axp Ronrine,

Section 5. The sub-grade shall then be finished so that the
outhne of the sub-grade shall be smooth and even and conform
to the outline of the completed road, and the surface rolled until
compact.

MACADAM

Sec. 6. The wearing surface of the road shall consist of
hard, durable lime rock, broken before brought into the road into
pieces from one (1) to two (2) inches in diameter (longest way)
free from dust and dirt, and deposited on the road in such places
as the engineer or his authorized agent may direct, in layers
six (6) inches in thickness.

First Rovri, Macapawm.

Sec. 7. Said macadam shall then be raked to a true sur-
face of the same shape as the finished road and thoroughly rolled
with a heavy iron roller; the contractor shall then cover saiil
macadam with the necessary material ‘for top dressing, consisting
of crushed rock not exceeding one-half to three-fourths (1-2 to
3-4) of an inch in diameter, of satisfactory quality and of suf-
ficient amount to fill all interstices and leave a one-half (1-2)
mch layer over the entire surface so that no stones will show
after the roadway is finished,

Finisuineg MACADAM.

Sec. 8. The whole shall then receive a finishing wetting
and rolling until well and thoroughly compacted and until the
surface becomes smooth,

GeNERrAL CoONDITIONS.

Sec. 9. It is expressly understood and agreed that all ma-
terial delivered on the road must be to the entire satisfaction
of the board of supervisors of Clinton county or their authorized
agent, and will at any and all times be subject to their inspec-
tion,

UNSATISFACTORY MATERIAL.

Sec, 10. Material not satisfactory in the opinion of said
board must be at once removed from the road and replaced b
proper material at the expense of the contractor.
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9. ABRIDGED SPECIFICATIONS FOR HIGHWAY
BRIDGES

From American Bridge Company’s Standard Specifications
TYPE OF BRIDGE

For spans 25 to 40 feet—Rolled beams or plate girders
For spans 40 to 80 feet—Plate or lattice girders,

For spans S0 to 140 feet—Lattice girders.

For spans over 140 feet—Lattice sirders or pin connected

(russcs

GENERAL DESCRIPTION

Wintii. The width of the structure shall be not less than
167 center 1o center of trusses and shall in no case be less than
1-2 of the span between centers of pin.

Haxp Rain. All boidges except plate girders shall be
constrneted with a strong suitable hand rail rigidly attached to
structare,

Froor Beass. “All floor beams and through bridges
shall be rivited to the main girders.”

SrriNcERS. “Steel stringers shall be preferably riveted
to *he web of the Hoor beams. Waoden 1oists shall be not less

rr

than 3" thick. OSpace not more than 293" between centers.”

Wieer Guarps. Wheel guards of a cross section not less
than 3" thick, shall be 1aid transfersely with 4’ openings.

Wanen Guarps.  Wheel guards of a cross section not  less
than 6”7 x 4’* shall be provided. These shall be blocked up from
the floor with 2” blocks not less than 12”/ long 5 feet center to
center, held in place with 347 bolts.

Foor WALK PLANK. Foot walk planks shall not bhe less
than 27’ thick and spaced with 1-2” openings.

DraiNaGE.  Provision shall be made for drainage clear of
all parts and metal work.

LOADS

Crass C. ofF THE COUNTRY Hhicnway Brwce. “For
the load and its support on any part of the roadway concentrated
lnads on two axles 10’ centers and 5" gauge or on cach street
car track concentrated load on two axles 10" centers, On the re-
maining portion of the floor including foot walks a load of 100




120

Ibs. per square foot. For the trusses for spans up to 100" will
be 1200 Ibs. and for spans of 200" and over 1000’ per lineal foot
and €o Ibs. per square foot for floor.

Crass D. Orpixary Covntry Hicmway Bripces. For
the Hoor and its support a load of 8o Ibs. per square foot of
total floor surface or six tons on two axles 10" centers and 5
gauge, For the trnsses a load of 8o Ibs. per square foot of total

e

floor surface for spans up to 75° and 55 Ibs. for spans of 200’
and over proportionally for intermediate spans.

PROPORTION OF PARTS

The minimum thickness of material No material except for
lining shall be less than 147 thick.

Texsiee Strains.  Maximum loads shall not cause greater
tensile stresses in soft steel than 15000 1bs. per square inch and no
medium steel more than 17000 Ibs. per square inch,

ComMrrissiveE STrains.  No compression member shall have
a length exceeding 120 times its least radius of gyration excepting
those for wind bracing.

SHEARING AND BEArING STrRAINS. Shearing strains  on
rivets, bolts or pins shall not exceed 11000 lbs. for soft steel,
12000 Ibs. for medium steel per square inch of section.

Figrp Coxsecrioys. Number of rivets or Dbolts shall
be increased 25 per cent driven by hand., 1o percent for rivets
driven by power.

BENDING STRAIN 0N Pixs.  Bending strain shall not exceed
22000 lbs. per square inch for soft steel and 25000 lhs. per square
inch for mild steel.

Froor Timeer. Fiber strain on floor timber from dead
and live load without impact shall not exceed 1000 1bs. for the
following details of construction.

DETAILS OF CONSTRUCTION

“Adjustable members shall be avoided.”

“Lateral and sway bracing shall preferably be made of shapes
which can resist compression as well as tension.”

All through spans with top lateral bracing shall have por-
tals at each end of span connected rigidly to end posts.

All bridges exceeding 100 ft. in length shall have at one
end nests of ‘turned friction rollers between planed surfaces.
Bridges less than 100 ft. in length shall be free to move upon
smooth surfaces.

TR T s B e S —
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Bed plate pressure shall not exceed 400 Ibs. per square incii
upon Masonry.

Pitch or rivets and the direction of the strain shall never
exceed 6 inches nor 16 times the thickness of the thinnest out-
side plate connected.

In the ends of compression members pitch shall not exceed
4 diameters of the rivet for length equal to twice the width of
the member.

Distance from the edge of any piece to the center of the

sivet hole <hall not be less than 134 times the diameter of the
ivet or exceed & times the thickness of the plate and the dis-
tance hetween centers of rivet holes shall not be less than 3
diameters of the nvet,

The butt joints of compression members shall be connected
by splices to hold them truly in position.

\1l seoments of compression members connected by latcing
only shall have tie plates placed as near the ends as practicable.

Size of rivets shall vary from %4 for § and 6 inch channels
to 74’ rivets for 15 inch channels or built section with 3%% and
4 inch angles.

Lattice bars shall vary from 134 inches in width for 5 and

6 inch channels to 274 inch for 15 inch channels.

WORKIMANSHIP

All rivet work shall be punched accurately with holes 1-16"
larger than the size of the rivet. No drifting to distort the
metal will be allowed.

Holes for field rivets in floor beams and stringer connections
and splices in tension members shall be accurately drilled to an
iron template or reamed while the connecting bars are temporarily
put together.

Medium steel of 347 thickness or sheared edges shall be
planed or holes shall be drilled to the diameter of 14" larger
than the punched holes.

The rivet heads must be of approved shape, or uniform size,
and neatlv fAnished throughout the work. Wherever possible
rivets shall be driven with power riveters.

All portions of work exposed 10 view must be neatly finished.
All surfaces in contact shall be planed betfore they are put to-
gether. _

All abutting surfaces in compression members shall be truly
faced to even bearings.

All workmanship shall be first class in every particular.

STEEL

All steel shall conform to Manufacturers Standard Speci-
fications or to the American Bridge Company’s Standard Speci-
fications.
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TINBER

All timber shall be strictly first class spruce, white pine,
Douglas fir, Southern yellow pine or white oak bridge tim-
ber, sawed true, suitable size and free from all defects impairing
strength or durability.

PAINTING

All iron work before leaving shops shall be thoroughly
cleaned from rust and scale and shall be given one coat of pure
linseed oil.

Pieces not accessible for painting after erection shall have
two coats of paint.

The paint shall be of good quality oxide of iron paint mixed
with pure linseed oil and after the structure is erected it shall
have two coats of this paint of such quality and color as may be
specified, Finished surfaces shall be coated with white lead and
tallow before being shipped.

INSPECTION

All facilities for inspection of material and workmanship
shall be furnished by the contractor to competent inspectors.
, Contractors shall furnish without charge such prepared
specimens of material to be used as may be required to determine
their character.

4. STANDARD SPECIFICATIONS FOR REIN-
FORCED CONCKETE CULVERTS

lowa Highway Commission
(1) - PLANS.
These general specifications shall become a part of, and shall
be regarded as applyving to, the Standard Plans put out by the

lowa Highway Commission, Ames, Towa.

(2) FORMS.

All forms centering arve to be made preferably from pine
or fir, surfaced on one side, made and fitted together by a com-
petent carpenter. The joints and contact surfaces shall be
dressed smooth and even. The numebr and size shall be painted
upon all the pieces comprising each standard form,

When set in place the forms shall be true to grade and align-
ment and shall be securely wired together and braced externally.

g Yy i —— el
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CONCRETE MATERIAL.

CEMENT

IRAND. The cement used shall be of a first class quality
Portland cement of a brand approved by the Board of SUpervisors
(or Trustees) or their representatives.

Trsrs. On delivery it shall be subject to the standard tests
(Am. Soc. for Testing Materials or U. 8. Army Specihcations).
Any cement failing to pass these tests shall be rejected and
promptly removed without expense to the county (or township).

Weicnt. The weight and condition of the cement on de-
livery shall be in accordance with the specifications for purchase
of cement. ( Section SE'\'En:}.

SToRAGE. The cement shall be stored in a weather tight
building with the fioor properly raised above the ground.

SAND

Size. Sand shall pass a No. 10 (or No. 8) mesh sieve and
shall be clean, sharp and coarse.

Kixp. River sand shall perferably be used but not at the
sacrifice of coarseness.

SCREENED GRAVEL

Size. Gravel shall be screened over a No, 10 (or No. 8)
mesh sieve. All stones larger than 2 1-2 inches in largest di-
mensions shall be rejected.

UNSCREENED GRAVEL

If unscreened gravel is used, it shall be tested with a No.
10 (or No. 8) sieve and the amount used per unit of cement shall
contain over three parts sand passing this size sieve.

Prorortions. The following proportions shall be observed:
Culvert tops.

| part cement, 2 parts sand, 4 parts crushed stone, or

I part cement, 1 1-2 parts sand, 4 parts screened gravel.
Sides and wing walls.

1 part cement, 3 parts sand, 6 parts crushed stone.

MorTar. Where mortar is used it shall consist of

1 part cement, 2 parts sand.
]
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SECTION NINE.
TRACTIVE RESISTANCE,

The resistance that a vehicle moving uniformly offers to
that motion or the traction may be classed under three heads:
(1) “Grade Resistance,” (2) “Axle Friction,” and (3) “Rolling
Resistance.”

1 GRADE RESISTANCE

The influence that grade has upon the tractive effort required
to move any vehicle may be accurately computed and is entirely
independent of the condition of the surface. A horse can not
pull so much on a grade as on the level surface because he has
his own weight to lift and because the inclination of the surface
does not allow as good footing, especially when the roads are
wet and slippery, but the tractive resistance depends only on the
per cent. of inclination.

It is readily shown by a simple mathematical solution that
G (the resistance due to the grade)=W P in which W=the
load and P the grade in percent.

In words we may say:

The total grade resistance equals 20 times the number of
tons times the per cent. of grade.

The total grade resistance for a load of 174 tons hauled up
a 50% grade is

20x1 ) ix5==150 Ibs.

2 AXLE FRICTION

Can be made so very small by proper lubrica-
tion that it can be neglected in this condition. Few dynamo-
meters will register the axle friction produced with bearings, so
that in comparing road surfaces or broad and narrow tires this
factor need be considered, only by using similar vehicles.

3. ROLLING RESISTANCE

There are three principle elements which produce rolling
resistance and each one of these is modified by specific factors
as may be seen in the following outline: '

IMPACT.
Speed.
[rregularities on the surface.
Effect of springs.
Kind of tires.
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TABLE 1. TRACTION TESTS COMFARATIVE OF EARTH AND
GRAVEL ROADS
P i I S Wi e R i e B e o . — o — e - aias
AVERA&.‘E IEN PUUNDSI
NO., CONDITION OF ROAD SURFACE Pt . o
Mch. ﬂ«ﬂ.m l!ty 19, 1905
GRAVEL ROADS e m“’&'}’n L Bty
1 | Old resurfaced.. KEL ‘r 112 IE};_ 68 Ibs,
2 | Well graded, dralned 170 0h
3 | Old, very dirty, poor,. 201 L4
§ | GOOd cOBMIION .+ 1y covbiansrsirisins S 145 ' =
YT X 3 At e, I S S A D 193 102
VR YT T S S s P e e O a2 Il
T | New, well packed,........, Sy T b 159 &8
8. TEIE, well gralel . e ciessciniiodir b 135 45
B ISAME R IRG. Bas v ie 4 crmaninib i vaRis e 135 oh
10 [Geraded, ol . ....vinsvsbenyssnt bt $ Va5 154 52
31 JOI dirty an . s aas e odiysupnsy s 193 ! 7
12 | New, m.ll CIOWDEIL oo v ¥ o5 wrion &ami v i e Ot R
EARTH H.(M.Hh Average.... 191 6y
b e T T TR e g T a Al 488 1o .
A | Pontly SRt -« 2y snie sy ss st iyiih S84 1 124
3 |Clay, very poor drainage.......«c-c..... ol |' 215
4 |Black loam, graded............ .00y anss 286 | 148
R G T TR e e e RS S Sl 236 | 49
6 |Flat,. poondFaitage ... ..cocronmpesrons 254 | N7
Al T T T AR S e S | 258 gl
L0 T R e R R 365 | 87
9 | Grav elh ................ T 262 =i
10 | Gumbo, Itttlﬂgradt..._.,.........__ - U ! 134
1 1 00T GTRINMEE.. io o cvenissiecsh s i b 2 [ | 124
Average........ 228 | 124
Diameter of wheels, 42 inches and 32 inches.
Width of tire 1% inches—firm wagon.
{
|
i
.*
|
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COMPARATIVE OF TRACTIVE

pE—
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TABLE 2. TRACTION TESTS

TIRED W ﬁl‘r{l\S

———— — - — —

e ——— e ————

DATE DESCRIPTION OF ROAD SURFACE
AN FARTH ROAD, GOOD GRADE BUT FLAT. WELL
1805 DRAINED BY TILE SIDE DRAINS.

Feh. 157 | 4 inches snow well packed.- - S o e e
“ 18 | 4 inches snow well PRCKed - m e vm e
a5 { INCHES SIS BTN o e asiae S i et 6= S
“ 98 | Snow gone. Frostout In PIACES <o me oo

Mar. 4 | Well dried and fairly smooth 0B tOp = ce—m o —-. |
« 21 | 2inchesto S inchesthick mud — o o o L e
w 925 | 8inches to 4 inches thick mud; dryer. ... . ___

\pr. 1 | Dry, fairly thlﬂth. Some dust .. .. _.ccaiicanna=
“ 13 | Dry, worn smooth. Some loose dint . —— - - < - ae e
v 21 | Thin loose mud on top, 1% inches oo am .

May 12 | Cut up 2 inches Qeep .- cmceae cm s e e
w092 | Smooth track worn; i inch loose dirt e ...

EARTH ROAD, TOOR GRADE, POORLY DRAINED,
HEAVY TRAVEL.

FelB, 2B | "THiCK DI oo e e oo s s aiorilis s v i sy

Mar, 4 | Dryer track, fairly smooth - ccco oo
“ 95 | 8 inches thick MU e cv o e s e e s s

April 1| Dry, very rough oo e e e
¢ 18 | Dry, wearing SmOOth . oc cocosin e —a e
« 91 | Ruts 1 inch to 8 inches; thin mud, water in places.

May 12 | 3inch to 8 inch ruts full of loose mud and water_.
o« 22 | Deep ruts weartng smooth - - - . . _____

A WELL BUILT DEEP BED GRAVEL ROAL, WELL
DRAINED,

Feb. 22 | 1 inch loose wet gravel On 0P -eccemscncae canaws

Mar. 4 | Smooth. A little loose gravel waeae comer o oo
i P | Shghtly dBmMP <o i e i e c e
0 U5 MUIBE. HATG - e cmrmn siivms s s o St b

April 1 | Dry. Some loose gravel «ccee. oo ocmmames ccoannna
“ 18 | Dryer. Some loose gravel on top - - e —— -
v 21 | Smooth, a little loose gravel on tOp oeee oo

May 12 | Smooth and dry on tOp —- - mcccac emcea a e
w29 | Smooth and dry, a little loose gravel - . ...

A REPRESENTATIVE SAND ROAD, FINE SAND,
DEEP SURFACE FLAT WITH GROUND.

Feb. 28 | Frozen 134 to 2 inches slush . ccceme oo o .

Mar. 4 | Wet loose sand, 2inches com—e oo oo
i GT | DBOIRE . v o i m e s s i ot s s S M
« 25 | Slightly moist. .- et e .o e S P A o a0

April 13 | Sand loose and dry on tOp-c— oo o cceamao L

21 | Damp and solid beneath - oo ___ i

May 12 | Well defined ruts 1 inch to 2 inches, Moist..___.

“ 22 | 1 inch loose dry sand on compact surface

- -

RESISTANCE OF WIDE AND NARROW

—_— g

RESISTANCE

Ihs, per ton

' Wadth of Tires
”’a i, 3 i€ In.
D0 Josnvia
...... 228
114 175
15 19
162 | 162
238 | 238
315 289
136 | 120
2 | 2
140 121
it 3
85 =t
o SRy |
192 141
287 280
pyd 211
116 90
113 127
mageaeh’ E3D
105 a4
220 | 144
121 101
PRt T 1§
110 W
HE 108
54 62
T 84
------ oY
56 ot
170 | 132
170 164
S O
1956 172
93 92
------ 110
- 89
a1 90
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TABLE 2. TRACTION TESTS—CONTINUED
COMPARATIVE OF TRACTIVE RESISTANCE OF WIDE AND NARROW

TIRED WAGONS

X RESISTANCE
DATE DESCRIPTION OF ROAD SURFACE
| Lbs, per Ton
495 | GRAVEL ROAD, CLAY BINDER, WELL CROWNED, | V" dth of Tires
WELL DRAINED 15 in.'8% in.
Eeh S8 1T 13- mekies TN M. e e s s s i 146 18
Mar. 4 | 1% inches to 2 inches, ruts, well surface .._...._| 172! 1
WSS T dnch b Eineh s o TR AR R Dl T S e 157 141
April 1| Dry, siightly Gusty - le o e 100 82
LS £ | Smooth, dry, no loose material .- —____ P s —e 47 47
- | | Wet, some slush in DIMEER S iate c s crawRael 116 104
May 12 | A ltle 2okt DUt SO e e e L 68
“w 22 | Smooth and dry, a little dust . oo oo 46 | 58
CINDER DRIVE, LOW, WELL DRAINED GRADE,
: HEAVY TRAVEL
Feb: 3B | Catup 1 inch deep e reneeae oo o 152 125
Mar. 4 f Dry, smooth, a little loose dirt - ao oo oo 103 65
*“ 21 | 2inches to 3 inches thickcindermud. ... .___ ___._|__.__.| 9275
April 13 | Dirty, smooth, some worn hollows .- ___ ________ __ 61 5
“ 21 | Fairly smooth, thin slushinholes ... ___________| 100! 121
May 12 | Hard and smooth, some wet PIACES. soee . hcde e [ vany 4
A L ERar AN BTN - e e e e 65 H
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