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FPor years it was only considered necessary
for the larger streams, or streams that could not be
forded to have bridges, but with the edvence of road
building the highway engineers heve reslized that the
small streams ard drains shonld have culverts or small
bridges.

The pripncipel requisites of a meterigl used
in building verious structures forming the necesseary
parts of a well constructed, moderr highway are cheep-
ness and durebility. Wood, steel, stone and concrete
are in general the principeal meterials usged in the con-
struction of highwey culverts and bridges. Of these
four meteriels woold is usually the cheapest in first
cost for small structures end is the least durable of
all as the life of {he bridge is short, being from nine
to twenty yeers, and there is eclweys & high cost of up-
keép as the bridges must be inspected snd repeired rath-
er often; end of Lete there has bheen e nuwsber of fail-
ures of wooden bridges due generslly to the deterioration
of the wood, or to the bridge not being built strong
enough for the loads of the present tinme.

Stone is generally a duresble materisl, but it's

first cost, end in meny places it 's scarcity tend to
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limit it 's use for highway purposes. It is gl so Aiff-
icult and expensive to ghape stone into desired forus
which in meny ceases are required fto secure the bhest
results.

The importence of steel in the construction
of long span highway bridses is well understood, but
it's cost and the constant heavy maintensnce cherges,
of it's rapid deterioration, if not prorerly meintain-~
ed, have caused builders of bridges 1o seek some other
nateriel, which ig low in first cost and which will
not require constant prainting.

8o we consider concrete and concrete steel,
Concrete can hte rade at small expense in practically
any locelity and cen he molded in eny desired sh&pe or
gize. Concrete and concrete steel requires prac-
tieally no cost of meintenance and cen he pleced in
position witl: very little skilled labor. So we find
that concrete or concrete gteel ig the meterizl above
all others that combhines the adveniage of cheapness
and durability.

In addition to matural permanence and low
first cost concrete bridges sre proof against tornad-
oes and fire and there is very little demger from high

water.
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In combining concrete end steel as a building
materiel we find that if the concrete contains & good
aggregate and is well mixed that the combination of
concrete ard steel meike & combination that is wvery
gatisfactory as the coefficient of expansiqn isg about
the seme so there is no danger of the bresking of the
bond between the concrete snd steel due to temperature
changes,

| 4180 concrete ig low in tension and high in
compression while steel is high in_ténsion end low in
compression so combining the two and placing the steel
in the prorer plsce and amount we get the good gual-
ities of both.

We find there is a neturel classification of
concrete'bridges,‘the flat &nd arch bridges. This
thesis is devoted entirely to the flat tyre of hridge.
This type is suitable for end is generelly used in
levél countries for short srans, seldom excceding
forty feet, end for locations where the foundation is
of soft meterial, |

In degigning this 'b’_ridge I heve tried to
keep in mind thelidéa of comparison so the emount of

steel and concrete is juét»about that necéssary for
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the bridge e&nd if eny of these bridges were to be
built e iittle rmore concrete should be used to help
the looks of the bridge end this amourt would vary as
the length of the spen. Irices of naterial were ed-
opted thet correspoﬁd to nregent merkzet prices plus
the cost of putting the materigl in place but not
assumiﬁg any cost for haulege of meteriels, The type
of labor required would be about the same in all cases
but it wowld take more forms and time to place forms
in some types then it would in otlers, but there is
little differcnce in cost of form wori:s "Turnaure and
Meurier"™ wasg the reference book used for tris study.
The approximete formulas found therein were adopted as
they shortened computation and give results that are
perfectly sefe. The rules for loading and allowable
stresses are throse used and reconmmended by "I owe,

Sfate Highwey vUomnission™ and the concrete ani steel
should come up to their épecifications (See pege 11
for most importent stresses and rules for loeds), A4All
glabg are treated &g independent beams, one foot wide.
The floor gifders'or beams were treated as T beams snd

the width "b"™ of the T was figured by a formula foumd
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in "Reid's Concrete erd Steel Construction™.

In Type I tlhe load is cerried by the floor to
gide girders and by the side girders to the abutments,

In Type II the lozd 1s carried entirely by floor
from atutnient to abutment. The guerd reil is of
concrete nd herd reil is of 1" iron pipe.

In Types I1I,IV &nd V the lozd is carried by tihe
floor to crosg girders end hy side girders to abut-
ments or piers.

Ir Type III the distence between cross girders is
three feet and agsuwning the roller over one crbss'girﬁ—
er and the floor being a continuous slab, we assumed
the loed to he two thirds of the rear wheel load. In
Type IV the distence between cross girdeis is five feet
and we assumed_the greetest losd to he four fifths the
reer wheel losd: and in Type V it is 7 feet hetween
centers and we essumed total wéight of rear wheel loed
on cross girder.

In Type VI the loed iz carried by floor to bezms
which convey the loed to the pier or abutment.  There
ig one T beam in the center of read wey and a girder

guard rail on each side. I assumed the gide girder to
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carry four fifths the live lozd of the center girder.
| Types VII exd VIII are degsigned in ssame menner &s

type VI but in type VII fhere are two ingside T beams
end in type VIII there are three inside T Peans.

Type IX is the sane &8s type VII only.loa& is earr-
ied by fourbbe&ms undernecth the floor snd we heve &n
1ron pipe hand reile |

In the tzble etteched will be found the 10aa1ng,
dimentions end emount of concrete and steel necesssary
for bridges of different designg end different spens.
In type I the floor is Véry thick and more concrete
and steel used then in other bridges of this length
gpan. . _

The 12‘and 16 foot span of type II gre not
red designs hut they requlre a llttle mor e concrete
end steel thean other de31gn hut the forms ere essier
built end t he estimete does not include ihe cost of
hend reils. |

Types III, Iv end 'V are ofka good design
and T would reeomsend type IV as it hes 2 6" floor,
vwhich I think is glnoegt necessary, But‘the "Iowa High

Way Commiesion: give minimum floor thickness &s 5%" ;
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algo type IV costs very little ﬁore then type III.
Type V is elrieg¥t end could be recormended bhut it
cosls more tharn type IV, In these three tynes of
bridges the cost of 36 end 40 foot apans are tigh be-
ceuse of necessary compression sgteel, Types VI, VII
ard VIII ere ell of & generel cless andvall ere of &
good degign; but we fird thet in type‘VEI we heave a
design in which tlhere is less melerizl used, except
in gpens of 12 end 16 feet, then in any of the othrer
degignsg, and even with the 12 end 16 foot spans the
dnly type thet is cheszper is type VIII &nd it hes a
floor {hat is only 53" thick, so we would recommend‘
this type atove 211 others &s the only drasw-back to
this type 18 thaf in the longer spens the depth of
the T beamg is retler deep htut it is hard to renedy
this feult witbout sdopting other designs which ere &
great deel :1:ore exprensive, or else rlace some steel in
the top of the T beern to toke comprecgion end increese
the aree of the tension steel and wé find thet this
chenge ind?eases the cost veryfrapidly. In type IX
we uged more nﬁferiel"than in‘type‘ViI end heve an |
iron hand rail and 11is type‘costé more than type VII

and‘does not lool &s neete«
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_ 80 T wouldi reconmend the use 6f designg like
tyre VII in flat briiges of apans from twelve to forty
foot unless tlere is goue good rezson Tor using & diff-
erert designe I reve glgo found thetl this is thé mogt
gconomic degign for en eighteen fool rosdwey; but with
& twenty foot rosdwey I fin& the o8t econonmic decsign
is like type VIIT with & six and one helf inch floor,

Any ﬁerson studying this subject realizeé
thet a greet deel depends upon the piade the‘bridge is
to be built &nd esrecially is thié true Of_a}bridge of
more than ore gpcn es the cost of the aggregete and
the design of the rier necessary for the plece s =
great decl to do with tre cost of the pier; also the
length of the sren depends somewhat upon the length of
the bridge . | |
| Assuming the cost of concrete as {'5.50 ver
cubic yard amd using the design of pier shown on the
next page, I heve come fb'the following conclusign in
regard to the economic length of apané. For five ft.,
 piér or less use 25f00tvspans and from five to nine |
foot piers use tﬁ%éty‘fobt»spang and fbrlpier'ovér"

nine to fourtesn feet in height it veries between
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thirty-five end forty foot spens, for over fourteen
rier use forty fLoot span, but an srch bridge would gen-

erelly bhe used where a fourteen foot pier is neccescry.
LoasdI1ivae,

Dead loedings:
Lerth filling 120 1ts. per cu. foot
Corcrete 150 1lhs. per cu. foot
Uniform Li%e Loed:
Het less then 100 1ts. ner squere foot
Concerntret ed Uniform Live Loads J
Minirmum concentreted loed consisting of a 15 ton
ﬁraction engine. Tor heavy slabs the distribution
ig ag follows:
20,000 1¥s. on reer wheels.
_ 10,000 1lbs. on front wheels.
11* O™ between axles.
6' O" center to center of back wheels (width
of wheelg 22".)
Bach baek wheel load is assumed to te distributed
90" {ransversley and 6'0" longitudinslly. For‘thin
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glebs on girders the seme wheel load is assuned to be
distributed 4" 00" longitudinelly and 4'0™ transvercley.
Permissable DStresses.

The Btresges used in designing sleb erd gird-
er bridges ghall not exceed the following:

Concrete in compression--6C0 lbs. per sguere inch.

Concrete in tension O 1lbs. per squere inch.
Conerete in Shear 100 1bs. per squere inch.
Steel in tension 16000 1bs. per scuare inch.

Steel in Compression 15 times the surrounding con-

crete.
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