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In order to visualize 1.ore clecarlu the rerits o hoth

steel and concrete structural desisns an attei:pt will be
nade to consarg these naterials in the wars in witich tliey
control the factors that lead to %eir gcleciione -.anyv of
the features that are characteristicall; allied Lo stecl
permit its use in filelds not invadzd by coierctes “o

such uses of steel no further uention will he rudees Cnly
t.o the uses of steel in placces where soiie cousiccerable
Aifficulty ortalns in Attehpting to choose which Lateriais
arc the hest to uscewill this treatisc be devoted.

Good enginecrinrg calls for the use of those waterials
which, under given conditions, will rost cet'ficiently and
cconoically et the reyuired conditionse There is no
particular niaterial ror ary one type of counstruction
that proves to be the best universally. ilie proper cone
bination of mntefials structureally aud otlerwise requires
dill ent aid well directed studye.

Thn Tontures Lo he ibvestigoated in Uhds tuesis are
tive roodired for congoruachion, lator »rebic.s, effect of
woathor, nqintnwunce, vt cost o cousiructione

A congiderable annce will be nllowed Jur the relatiing
of trhe vreoctico of Lhe Vichigan Dtate Jdigqhiway vecartuent
In ite ceorsiructicr of lipglraviy Wrlidpese liie results on
cxperierce of cortructors, a..d the history oi” bridcze Ueve
cleprert dn Vdehiicsin will Be wriefly sighied as it aivects

!

the tcepic.
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cach bridaya that dis dwesizryod precents rrouler s that
are characteristically its cwvne il ese prollernsg rar hn a
e iation of yurda ectal oft gotondnnes Poetarg ot g
aN Uaer thad acother brid-e lire it 100 0t rot Lo roquir-
ed for edlta a muber of yeara.e ‘hisg foet clere mrintgs o
tle Lreat ae e of ey yng the dernrtioect i~ prrvive 3

Al

Beve oua inade Latil omldy 1. tre Lrldee Copari. ot tan
jut ir Rriaces a8 whieh 1ML ¢er 77 wors canoret
LIEIerge L Lo Fehe it 2 il wern giat Nridiese GF Gle
1.0 lric es (ou wousd be avyeare arine O e 104 thope
oo D0t Jirders aiu v w.:'u'i:.";.}, 1Y avit. onta, g Q0
crogsine Vlans it he u«'"‘- only three to six tires in
1 U casese t1.i8 15 only co siacring dogsree of erossing,
lenpth, abut: ert Lelght, anit reacdwoye Gther foctors -euld
La2a€e tiic proochliliity of mliecotiom of 1lors ecven 1c:iige

o gutline of the feetors of desi n in use by tie stite
Lrid e depart ert is o [‘cllowss

vimdiasiental factors ot wesd hite 1o Clear =nane 2,
Cicar readuay at Pubs anid curbde e iel:f t Ty eroom of
roasvay te hotten of footinrg, de AN e of erosaivige

Lecondary factors of desinte 1, cccessar: roxumy

0y

fron erovn off roadirar to brid; 2 acote Ve rorisinong

=

painteiniv, tral’t'lce te Lin  tlug romiidyro entae le Aost'ie
etic treat ot rocudreade Do Loty Iroperty, and profece
toon armroc e etae by Ll dtatio s v ederatiovs Cie fo

Eigh ancl 1 21 water levely 1o Tvpy, lee coamditi ra, ool
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croase in width for sidew:
raterials and transpordatiasn ehan:ici, il 2o i lonse
106 it foon erown of roadvag to natural (levatian ef

bariae 1le ddequasy of' wllit!: of proag nl stivacturee 1

Sharaster of 0. tivese 106 Vin Lrentient [os rrouvcct=

It s eridont, thad 10 would B oo denl 0 shnlairte
ze superstructures since, of varldabtles of width ana
roadwvay tlere are bat {2 iaths used anae sidewalls are
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Pre Tevertheic o 3t i nut tle rule that
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cuorrnt
rians ean oo dupiicatede “Thut bride wileh 43 nost cosily
desd et would thcin he the bhest 50 other coad luinnms wors
tiie 50 Ce

Agestretically tie pitilie 2ye derands an arche .in arch
fo oo dnr)y vy eent 070 o slindaiii Lunaticlie LU I'Cfjue
Ipee o Tar) pav ooy oLl Lot e o fRRh soonlonne ol
t19n ToeTorel e Moo o 101 Luevlac ¢ o tho dlay ot the
le're dis rorulpode Thia anen f.u ivoevorally lirked wit' e
el 0t ol v ceee o aron o now 211 pereenta ¢ the prove
ittt of the vorzs of Lo 5poilie .l br,e of bt ol
Is ingovare®l - 11 .40 70 wilh (he Felght ool span and 0ls0e
I= al ivien & A0 Loes of coiaoy 0 slacsdadlaation
the tino~ neecwsasy Tor arshh asalisis anae wertail ls gl

tulec a1 Lixce Liiws toabl for a.y ouhoer spocial pleane Lihe
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provaviiite of widoring: secih & s:an econo dexlly is Tar
locn than with nlvost awy ocirer tne o hridre rdesine.

i maition bie paeater pertioo o tie brid.es in Jlehipgn
recuire rilinegg and fartice require jovre watewvvay tho:

¢ Le secirsa Yopr ecuzl snais ot arehes ng enrn: v

with (rucens ava pivders, o, furtror, “lei-l o vallevs
are Ltoo lov apd 506 vo Darinmign gufisticient rise f£or for
Lreh euiig withont vrogertinr to wveory 1ot rr3e paticse.

At venuld seoer. el thah e arch sasrid e ernaideeaes

)

62y 4o sreeaul anes wlore 1t v prove dosiranble and
pperonriaces 'rior to suly 1viu 10 of the 24U brid;es
ar: siown a:s archlese [ any wore duilt on pile: on cxtlirorCe
17 poor battor avl but fow of Lher on foundatione which
CcOL.¢ uunaey ti.e hnrdron 9v roet: ctasaif leation,

“hig evidense seers «ufTiclient to ell.inate tlhe -rch
s o stansdard suuerstiruciurcs.

vonaideration off steel surevrsipracturse such as pirders
ard grusaes of the throosbh type wildi next be ~ivepn, Uirgt
tiec obiectioneg te eteel sinersiructures for Hisway LWrid os
as mlven by the state bridie deporatent will e 2isted.

le tmmperiop heavty of steel to steel superstruceturien,

2e A steel superstructure 1u t e artificially jrotecte
cit against the weather end this protection is sbebt lived,
not cilinarsiy ever Pive years, aid ot Lhe hest, tie rarts

which need vretectlon are pererall: inac ecssible for peivte

inge



3. To properly protect such a structure costs ahout
tlirec por cent of d#fshorgiral cost each year, Thiszs i

ure dacs nat cinelnce an derreciation or sinking fund
allowancce '

de Up to 100' gpuns, as will bhe showm later on, stecl
superstructurcs with concrete flaors have a roator first
cost than concrete girders degigpned for the saiie capacltiese.

Je Heglect of rainteranse is a2 sericnus auid aanserous
thing and while the presont organization rmay be afficlioent
in its line, there is no snarantee on the Putnre; and in
adiditicn, umaintenance organizaticns arc rot always of the
high class tlhat are best suitable fcor such work, !‘ain-
tevare2 nezlect 13, tlon, a serilsus reflsction ci the
poiicy of usily staci supersiruciivl’™ 3.

7« There is usually no reaner job to irspect for 103N
tenarce than a stcel structurc, WVater awnd wind c.rry tie
cleorients to the wost roviote mlaces, and the cartily elc-
nent- held tho wolstrors In contoct will e o7r wd steel
for elinst Teruanort rovicds of tince Concrcioe ita il
adlarcoent to 3t-el iz reculiarly on unfuv ralle cle et
in thn 130e ¢f the cteel 17 tre 2ir =Youl l tave aceess to
the evriom Line o catazt anl particularly s¢ 1if ticre i1s
lime nreosgont in thae cornerote. Turticrrere it cocciics fie-
quently irossible t6 22ea the sorfaces i+ cotact axd
at which the corrosion is wost sover2, e lnccuve.:icues
of insuection besores, thon, a serious eriticelsn of such

a desi "



7. Paint crews don't clean properly, the; paint over
dap, dirty, and greasy placese 1hids .alies inspection w
rore diiticula. is aiso lends a Talse feeling of sefety
to the structurese. Hhortly the paiiwt pecls or:e JiUus

the practical inad»ility to naintain the straciure is also

a scrious objection.

8e lUxpanrsion details on ecl hridges arce did'iicalt vo
Frovide satisTastorlly Inesiach as expasision pianes at

tve lovnls aust usualliy be provided foir at one end of dhe
gtiructurae Kie departiient lias recertly worded ovt a detail
free cf expansion dcefcectse

Je uut few Tabricating cc: »anics turit out br.dge work
in accora witi cpoceificaticr requirciciitas The greatest
criticicis apply to ficld comn..ectiong, olijgnicrts, aiwi fitse.
Concrete has the auvantopge over stecl 1n ti:at its work=
raiiship ds uniforuie i'or steel the work is 0 betier than
tiie ficid c-.rnectioirs hovvever t¢ll trhe shop wofk ras
Lo perfoiiaeie

e 1t is ulnose Lupousaille to geld o gocd jed ol erre
celon rogiraitoe oL Ui excelicnce o e sLon worl.
Very few Cabidcating corunaunies ol good reatation o
Licir owi errectilyje Llicy are carcless in subletting the
verie 1t talies & rnouwoa sizea lob in a good location to
ter'pt the best fabricating conpanies to co vha Jobh of
errcctange

11, ilLonever a steel job is let, no assuscanse can

be given that the substructure will b2 rcauy in tine
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A further saving is also due to the fact that tie bridge
seat clevation dis dovm L' for the eoncrote euperctriuct-
urc,the akut: ent thickness being 2' while for the bridge
seat elevationin the casﬁ‘of stecl superstructure which
is 56 a thickre=s of 5' i3 requircd. At the top of tie
footing the cnnerete abutgent tliicrecs would he less
for concrecte surerstructure than for ctcele This $s Gue
to the fact that the pres ure of the bac!iTill to be re-
sisted Ty the abutient is less in the cane of conerete
superstructnras, since 21! bac’Lill prassures are above
the bridse se-t. That i3, for th~ upper 9' of £ill arc
carrled directly throush the conercte superstructure,
vhercas for the stocl the ahutriemts thersclves rust rese-
i5t o1rcaswte fpov shis 9Y il

From the aheve facts we see tiot in the substructure
a considerable saving was eff-cted when the dosign for
stcel was supersceded by that of the reinforced concretes.
A couparative estiiate of costs wit! steel truss supere
structure and with reinfercad consrete girdor rhas been
preparel and ray be found ocn tho follovwiry razce It will
be noted thut the superstructure of concrctz 1s slightly
riorc exnonsive tlian steel, however several facts have
not been ta.en into consid?ration ard will be Qiscussed
at this tire.

Cne of tlie innvortant fadtors the bridge ernglneer talies

intc consideration is the ratter of rigiditye. Some of the
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oldur types of steci bridges are very poer exaples of
risdid stricturese Wit tze concrete cupaerstructure as
degigned in tlis cuaey special o phrasis was laid in the
lesipn witk regura to tiils fucture In a ripgid siructure
with large inertia ti.c tordeuner is i'or the stiuciurc to
absorb ¢le impect and live louads with but snall overstre

resen i1 tihic LciLOlSe

Conparative estii;ate: ol sosts witl reinforced core
cretc girder surerstructure ard with steel truss supere

strucliirec=- 1uu" grane ' roacvaye.

concrete surcistructure and concrete abutients.

abutrerts® Lurvp sun $H074.11
2ol CLlhe jJUSe GUrale ¢ conciretlie
} illg EIACTNNH ¢
Lurers tructure.

370 cue ydse grace A @ $G0e06==513105.0C
3usn(! re=bars '\) .Uu----—-—-——— Jilitoe U
3t HtrUe steel O ell@mmmecan 4040400

10910HU0

Corient finished abutients Bt Leln

Lsupeirstitucture Lol ve

Ingicelcrinpg anud sopei'vision BULUSTY

10621 estininte 08 Tirget COSteecceca—elii LiefH)

eiruai nainteuacee.
Anguael cepieciatione.
17x ?'.LL-—sL\.un
‘.;Lal.n.(m S ""‘il;”"c;“

- 'y « O -~ m g ... P
Veginnted totill cent il L'y C ol T J-H\.- BTV



"Steel suneratracture oud concrete abhnt entse.

Mutnents G5TA0 WS
Piting , 22606 4 GO
Stecl supcrctricture
1\:(",('{;‘;' C—: .(I;Jb 112"00”0
corerets 'lonr
4345 CUe }’(13.@ 5;:4\").(.‘0 1007 .80
abuti:ents 360618
1loor 1)1.00
11047 re=tars O L7 81550
I'ngincering end supervis: o 2510406
icld joaintisoxy 509305400
Total estiuate of £irst CoGtemee=doslri,nn
Aunnal vaintmmaicee 11C.,00
Annual depre=e=-2 X LUl7Vl.01 Glledd
Capitalized at 1, 675¢04

Lstinated total cost in rerpetuity $T1511.6,48

Pt S R RERET L EIAPRR ST ST ST TR LRI S RI)Y

Jo8511) furiler gunviss could have Dhooa of Pccted by
having a single coi:tractore In tic above job If° the steel
supefstrnctnre‘hul bon use . 16 woald have neocessitated
lcttling at least two contructs and porhaps rworece Snch
worll as suastructur, ef rpi:Torcel 2ricret: would be let
to a separate concern white that for fatrrdcation and erre
ection of stonl to anotiicr o ¢ or Lo co: Lraclors,. ‘ihis
could B accom pligiicl ver: niccly by lettly; the contrae
ct in one ant obtain lowe: unit yrices.

The priece aquote” for tie steel cuperstricture is type
ical of trussces crrected vithout Tield paint and this of
course rust ba taen cars ol' o an extra curtracte The
ernyincering saporviciyn fer the steel structure is slifte

ly higher than fer the corcerete structurce in the constre

ucticn ¢f the stoel structure three contracts are require-



el =« alutiicnts = superstricture= floore 1'ach requires a
GiitTerent inspections in adition to this a shop inspecie
lon 1s required on all st:xactural stecl.lt will be noted
that tlie first coat 1is in faver of the stecl stracture,
Several other itriis, howover, 1ust he taiien into aceonunt.
First, the depnrccictimm allownﬁce cn comer~te 1s 1% annue

“

ally as courarad with 27 for the steeles The concrete stre
ucturn will require no nointenance exr~nditire while
structural cteel will reqgiire an annual averore raintens
ance of 110, These sw's capitalized at 17 the resulging
total costs are corsiderally in favor of the concreﬁe.
Inadditior to ti'ias comparative data two sets of curves
aite el subniolede Shect 1. snows the actual cost of
the structural cteel for s :ans rancing from 70' to 875"
inclusive for a total of tiirteern jo's. TUis curve of
unit cest represents the price for steel errected and
painted, exclusive of concrete floors, f'hecet 2 illustrae
tes ths price per cubic yafl for concrete superstructiure
es in place, the data bein', plotted for 17 different jobs,
Sheet 3 represents the quaitities of naterials required
for concrete girder supersiructures in spans from 35' to
04' inclusive. Also the qﬁnntitieu of structnral stecl
inti.e truss structures fro.: 75' to 175' inclusive arc
showm,. ihe number of cubic yards of concrcte in the conhe

crece floors is likewlse ic¢ludeds Thig sheet 3 in give



ing quantitiles has been platted in such a way that it
1.a¥y be uscced for 1llustrating arny particular prohlen that
night be selecteds This has been arrived at by dividing,
the total yardage of concrete in the concrete girders
by the muber of square f'ect of the resulting roadwayy
also thie concretc floor iardoages are in cubie yards per
sqiare foot o roadway. l:ie inddvidual circles platted
for stecl giving the bric ¢ nurbers fror which actual
wicths were taucens The concrete girder curve is platted
fro:: actual drafting roo: records.

sheet 2 13 platted for raxinrum concrete zirder span
of Uu'e There is a very raterial saving or reduction in
unit costs in .lTorter spans and in crder to prove the

vy
roavt,

the moxfzun opan 1n uscl. There can te 0 gques-
tion of the Ract that if ~conor:y can be shown on a 90
spran with concrete a far ;reatcr ecconoty exists for shorte
er sparse Shect 2 shows t:ut for all jobs on which a

lur sum is bid the avera:e price per cuble yard for
supe:rstructur:; arvived at by taxin;; the averagzs price

of the job ani adding 5S7. to ite This 1s a liberally

hig: estiinatd for thie cost of the superstructure and

frcz the resnltart platteoo. points on shect 2 the straight
lire represents a high ane. conservative price per cubic

yard of supcrstructurce co. creto,
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For a 0U! span the quantitics involved are 1.4 cue
Ydse of councecte per sqe fto of roadway for the concre
cte girder, 71% of structural stccl prr sqe fte of roads
wvay for stcel supnerstructure and .02 cu. yds. of concrete
per sqe fte of floor surface for the co-crete floor.

TLen 1f "x" repreosents t!e price in cents per cu. yde of
superstructure concrete and 'y"'eqnulu the price of
structural stecl errccted and painted, for a 4! gdrder,
then x equals uUS@ for equal costse This reans that

for cqual spans with structural steel at 5 cents per 1b.,
the coneorete zirder 1ight average 30 dollars per cue. yde,
at G cents per lb. the concrcte ghrder riizht average 45736
per cue. yde.y at 7 cents per lbe the concrete gir.or
night be ¢43.50 per cue Ydey at 8 cents 1t nipght be L ID
per cue Ydey at 9 cents %ileH0s, and for 10 ccnts it
would be quoted @t 500450 per cue yde For a 75' gpan
siindliar figures would be as follows¥ Steel per 1lbe Hde
conicrete por cue yde=illeUtie tifea®l0eliie 7¢=$17+C0,
Glawildehle Uf=wifle20es and for F0{ee GB40(,

Talle an exaiple as of Septel, %033, shects 1 and 2,
The price per 1be for structural steel as shown on the
curve is 8.6¢ Foe a $0' girder thercfore you ocould aff-
ord to pay $32.10 per ou. yde for superstructurce iicferre
ing to shect 2 it will be noted that actually you could
pay “2e50 o This means that if you would build a 90!
span of stcel, it would cost 22.67 niore than to bulld

it of concretcs toing back to Jan.l, 1423, steel prices



are 7.1¢ per 1lb,, for vwhich in a 90' girder you could
afford to pay $43.10 per cu. yde for the concretee Fronm
curve 2 we find the actual c.ost to be $10.50, thus cloilce
would be again in favor of the concrete. Now take the

low price of stecl in 1:21 and 1t will be note:d that

one could afford to pay 33.00 per cue yde fgr the conerete
superstructure. This price prevailed throush the ycar ®022
anil corrcsponding prices for the concrete ranged from $32.0
to $334C0e This is on the assumption, however, that prices
for concrete superstructurc arc {7.00 per cu. $d. higher
than the average price per cue ydeo for the jobe This is
considere.i a vory conservative allowance.

The above dlscussion is bascd on the ratio of first
cost of actual superstructure, In addition to the actual
saving on first cost due to superstructurce there is a
saving dn the subgtructur:e for concrcte girders as agalne
st steel bridges, which varies with the height of the
abuti.ent, This was found to be in the specific exauple
which was discussed near the beginning of this article,
The top S' of the ahutiient, that is, from briagd scat to
roadway is dispensed with in the conerete girder since
thie girder itself serves to retain this f£ille For a stecl
structure the abut:ient ixust be carried to full height
of roadway in adidition to a very thick section.

In addition to the first eost of structures the natter:

of iaintenance nust becocsgidereids Assuniny that a stecl



structure will require a coat of paint every three yecars
and that it will tal:e .0 gallons of paint per ton of steel,
the cost would be $1.75 per ton of material. Labor usually
runs from 1.5 to 2 times the cost of material, thus making
an approximate cost of $5.00 per ton of stecl or .25¢/1b.
Then assuming an average price per lb. of .G¢/1b. for steel
this gives a thirec year naintenance char;ec of about 49
for the three ycanr pcriod.

In addition to the first cost and maintenance charges
in couparing §omparative) relative values of the two
types of structures, attention must be called to the
ability of concrete structures to resist incrcased live
loads. For exauple the 90' girder has 142 cu. yds. of
concrete per sq. ft. and weighs 675 pounds. This carries
a live loaa of 100if in accordance with the specifications
of design, making a gross load of 675 lbs. per sq. ft.
If we now increase the live load or weight of truck
using the highways by 50% ékermtitbéribs.inrtRedzgirder
would be overstressed merely 50% of 675 lbse. or 7.56%
Boweser in this interval the corcrete will have increas=
ed in strength more than the increase in live load,
since the design for concrete is based od 28 days strength
and a result in galin in strength from a 28 day to a 12
months period will easily rcach 20% for thc material.
Now had a structural steel design been used, it would
take 71 1lbs. of structural steel and 80 1lbs of concrete

floor or a total of 151 1lbs. per sq. ft., carrying a



load of @0O0# per sq. ft. or a total load of 251 per
8qe fte If with this structure the live load is iacrea=
sed 507 the stresses would be exceeded by an auount
equal to 50% of 280}, or 20% as coripared with 7.4% for
the concrete designe. In stcel there is no gain in
strength but rather a loss due to age.

In the matter of durability, no one can say what the
life of good concrete is. No experienced person will att-
eizpt to say, but any oconcrete engineer will aduit, the
life of a concrete structure is as long as the life of
a stecl structure other things being equal. The maﬁter s
of the life of a structure in this day alhd age of rapid
changes is not the deterniging factor since the incre-
ascs in width of roadway, load capacities, and the whim
of thepublic in regards to appcarances and aesthetic
treatmeht are much more vital features and imply that
most of our structures will be removed before they are
worn out.

The design of reinforced bridges fér 70* to 90' span
have curved top chords and bottom chord brackets. The
first 90' girder span was completed at Tecumseh, Mich.
Now some notably long spans and difficult structures
are to be seen under construction. The state has on s
several occaslions tested some 90' girders and found them
excepbionally stiff andre::arkably free from impact and

and vibration. The unit stresses are well below those






for which the structure was desigred. The department of
bridges i3 experimenting with long spans and expects to
replace 100' to 150' steel spans with conrcrete trusses.
This tends to obviates the difficulties and long tine
contracts resulting from the handling of substructure,
superstructure, and floor contracts and still keep with=-
in the limits of true economy. The advantages of having
a single contractor, using common and readily scourable
materials, and the resulting rigidity and large inertia
with consequent ability to abdordb impact and live load
increases with but small overstresses are highly des=-
irable.

The policy of the state of lilchigan tends largely
toward concrete design. Bractically 9097 of the bridge
bridge conatruction in that state being of that type.

It has been there found profitable to use concrete up
to a point where the first cost of the concrete may be
10% higher than the first cost of steel, due to the fact
that maintenance of steel 1s high and also annual depr-
eclation 1s greater on the steel structure.During the
past two years the bridge department has eliminated a
oreat percentage of the stecl bridges forncrely in use
by extending the concrete girder design to and include
ing 90' spans. Now practically no consideration is given

to stcel construction below 100' spans.



LLovever stcel briidges are not without ar:ne ents for
thelr use entirelye A few of the arcueieirts th:at scen to
be in favor of steel as a bridse superstructure ray be
found in the following paragraphs obtained fro.. consulte
atiors with nen interestod in the construction of steel
bridges as a profession,

Tlhie concensus of opinion secr.ed to e in favor of cone-
crcte construction for heauty and acsthetic treatrent
but this point is not one of considerable irportance.

i:e pointg wiidch should cositrol the gencral desisn of
a brid;;e as Lost folks secuicil to agree weres

1. Mhysical conditions of the sight,

2, ltequireuients of the traffic.

3« Lequirerents of the purchaser resarding tyvpe,
ornwicntation, aml gpecial treatment.

4. "orey availablee

It 1s rmaintained that a steel superstructure can Le
put on a cheaper foundation than can a conerete supere
structure. The type of abhutiient and footing designed hy
the state departiient are not the rost econoiiieal for the
service required of therein raintairirg a steel supere
structurc. In ca<cg where a bridge 1s being built over
a sink lole, or in places where the soil is unstable and
uncertain a steel superstructure is rore certain to prove

satisfactory hecause a sligsht settleient, 1f one should






ocour, wouid do no barm t the steel suporstructure where-
as it nipght ruin a concrete Gesi;n.

Types o bri:iges are being changed continually to
reet new reoguira: entge In this commection it is to ke
nwoted that of a total of 36Gi bridges put under contract
to date 143, or shout 40.5 ', have been of 13' roadvway.
Very few bridges are now veing buily with 15" roadwayse
Practically ull of these bridsges nentioned are less than
ten years old but $till nmany are beins torn out in favor
of the 21' or other width roadwayse This tends to show
that it 1s unnccessarily wise to spend largze swis of p
public noney to provide for the future 75 or 100 years
honces 0 orie knowy what traf'f'lc con 'ltions will be then.

tp to the present tiue practically ull of the hihiwuy
bridies have been constructed with roadways of 247 or lessgs
It is runorca that within two weels previous to the pree-
scnt writing the Goveranor of the fitate of lichigan dirccte
ca the brid;e engincer fotr thie state to start changing all
brid e plang and proviie for roadvays of fromn: 30 to 36
fect on all future bridgese Tlils move will nake ohsoulete
all of the expensive massive structures designed by .the
state so far as state woric 1s cuncernede ¥ho Lnows how
loing thesc new structures will adequately serve the public
necde Whiy, then, try to provide for a distant, uncertain
future when chances are large that the structure will

rever serve over half of its conterplated life.



In the case of steel bridges, when it i3 cdosirable
to relocave a siretch of road, asis of'ten donejy,and a
stoecl bridge ids located on the abandoncd portion of
tle rocd it cuh easily be roved to the new bridge site
er sui evhere else and put to usce in the case off a concrete
Lrid;c it would have to be abandoned entirely or else
r.oved at a conslidcrable expensc.

A steel structure over a drain or river can be renover
fro. the abolients and pemiit a dredge to pass through
i the Bed 15 ever cleuunei out or decpencids Also the
guard rails on a bean bridne can be remroved to allow
wiue ohlecis such as houses, barns, etc to pass over
wien belng woved.

In regurd to steel brid; e work not Leing satisfactor=
ially dore 1t is certain that tie states eninccers are
oin thic job with the instructions to reject any part or
ail o the wurk if it is not projerly done. All finished
work wust Lave their approval before any noney can be
c:illected on thce jobe.

A3 a natter of unsettled ar;iciient, which can only hte
sctitlcd by reference to the records, it is raintained
tiat the substructure, superstructurce, and floor are all
usuully let in one contract whether the job calls for
cuncrete or steel superstrucuvure, The natter of sub=contracs

is optional with tie purchaser lhience the arguiient that



delays dne to hold-ups on onc or niore ccntracts seens
weak,

At precert it is the policy of most organizatiors
thet are purchosing bridge structures to investipgate
what a reuarby rallroad has donec over the sarne strea:z.
near by in regards to length of span and clearancce.

Thris is done to get the advantage of the experience of
the railroadse. Their engincers ere regarded as amons the
best in the country. Nearly all of the bridges within

a roasconable length of spon that ore built by the rail-
roads erc of the plate girder type. If the railroads
fird the plate girder superstructurcs will stand the
vibratiors and lizpact, and can give satisfactory and
econoi.1¢c service, wouldnvt thcy be worth consideration
for use ou the bighways? With the prices that prevail in
“ichigan in 2020 plate girder highway bridges can be
s0ld, crrected and painted, for.8¢ per peunde A plate
girder highway bridge nay not present as pleasant a view
as a concrete girder; but in the 1isht of econony and
good business it is Tard to believe that the acsthetice
treatrert 1s worth the differcrce in cost, difference in
the length of time that the road is closed during con-
struction, easec with which thc cxact status of ti:e bridge

can te dectertiined, and cirplicity of censtruction.



In coneclusion tiie author wishes to state that a con=-
parative analysis of steel and econcrete in strustares
nade taday would be of little usce 19 yeoars ot tolay,
Lecause of the ever channing ratio of mricey, nethods
of handlin~ and transnorting materinls, and char-sns 1n

he denarnds rinde upon the structure in its uses. Yor
expletd bridhs ullt rduring the war was considered
hest when it required the leacst lahor and tire for constre
uction btut which would pave proidse af servir; for a
reasonsble Yongth of tie@. Today 4hat bridgge i3 hast

which presonts th~ tlie most pleasing view when seen

in the surroundings in vhieh 1t is to he constructeds

In otlier woris aesthetic treatient secns to have the
greatest hearing on the tyre of briage ehosens Uhat
features will control the desisrn of brid es 16 years

£ro:. today roone cion tell.

“he writer coizencetl Lis investisetlocs for this
tl:esis with a prejuldice favoring steel superstructurcs
for use on brid;jes on tlhe public highwayse This pre-
Judice wag the result of a lack of inowledsze of tlie
adaptability of the concretae superstructure when used
under the varying condltions tl.at a brid;e for starde
ard use would be appllede. After concluding what was
cousidere il an iipartial iuv-stigation the writer has
coccluded that for highway bridzes that rust cortinually

bear increatcd loadings and serve the greoatest possible



length of time a concrete girder is the rost econoriic-
al type up to and including spans of 1u0' in length.
Inough data im not available to make an accurate comn=-
parison of spans of grecater lengthe. Rough estinates
indicate, however, and the writer is inclined to agree,
that for the longer spans stecl structures are the rost
econonical.

Data for this thesis was taken frou a survey of the
records of the bridge denartment of the State of lich-
izan, advice of friends, and from consultations with
contractors, strel nanufacturers, and others interested

in the subjecte.
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