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In order to visualize were clearly the merits of both

steel and concrete structural designs an attempt will be

made to censure “3,110 materials in the wa"s in W”ich tIsey

control the factors that lead to their solecLion. Lany of

the features that are characteristically allied Lo steel.

permit its use in fields not in¢a1ed by concrete. to

such uses of steel no further mention will be rude. Cnly

to the uses of steel in3places where some considerable

difficulty obtains in sttehpting t0 choosexhiall heterials

are the best to use.will this treatise be devoted.

Good engineerirg'calls for the use of those meterials

which, uncler 3ivcn cond:Lt:ions, will most eificiently and

ecero 'czllr :e't the required conditions. Tllere is no

particular material nor ary one type of con:struction

that proves to be the best universally. The proper com-

bination of materials structureall.y a‘2d otherwise requires

diliuent and well directed study.

The features to he :aneetQated in this theeis are

time requirei fur s.nstruct101, la:ur prelzi 0.5, effect 01

weather, meintewunce, eufl cost of eunstruction.

A ceusiaerable space will be ellowefi for the relating

‘-

ef the richiwan State cighway hepartment

‘
v
-
J

wractice of the

in its corstructlo of Lighweg Lr1u3es. lhc results of

engerierce of cnitrtctors, sud the history or bridge dev-

elepuert in fichi3an will be briefly sifihted as it affiects

I

the topic.

10341 L



..uch bridge that is LLL‘.’-§i;il‘:¥t,3. pres-w:ts {rowers that

are carectvrlqtiUhllv its rurn. 11050 prollens Lew he a

coiiixatjan uf rupee e tul or sneerfler" factwrs 0? sec“

on orfier that shuther bridge lire it uihht rct he requir—

ed for qqiLe a number cf yearn. ibis Pact clove vtint- tn

the breai UuLhUP 0F ue«i~ns the departme t is rvqniref e

havecrszu8.£Jnfil only i=5 .Je lrluw\t'o.r:<ml.hnd

fut ir hriu es of wui~h 111 or were enrcrefi‘

girfiers. 99 t0 FPhr 1v.x 75.H*'vere sTew hrirhwe. HP file

1;; trig 08 Leo would be m1vurP QPLN. UP t303“ 15% tlrre

;. — .‘259’ Diird.(.~rs 4.314;. I. ' I°£.:‘u‘?:-";.}', 1‘" (17,211.. ("Ht-1, 2.3.; (10;;

cres's-rg. Plans migtt he used only three to Six txres in

l U cusps. 119 is erl:.cetsider1n3 degree of crossilrg,

101"1.13:, abut: e: t 1101:! t, em? read-W03; . Other Factors ".‘(r-uld

h3g0 the probabilitv of duvlicetie“ 0P vlers even 1039.

an outline of the factors of aesi3n in use 13 the state

1r1:.L,e ficyurtzert is as 10110w..:

nundszpntal fucters of uvnignz- 1. Clear span. 3,

\lozr reef-.1.a. at hubs and curhiz. :1. 320.131 t f'rew cream of

roufiway to button of footinfis. d. Aegle of cramming.

recondary factors of design:- 1. necessary roadway

from cream 01' romlw: 1' to hr‘j.d.;,e meet. “1. 3‘"‘r--v.':lsirms i‘e.‘

painteinieg trefric. R. ngFt3u3 require:entn. 4. Aesth-

etic treatf»o.:-‘-t. P’Vghil‘f‘tl. 7:. .‘tmmt, :‘l‘epertg:, mui pretee-

tier urrer3e «rte. H. Lisitatie’s iv eleratiOHH fire to

hi3h and r P331 water level, 10333r3, ice cwnditi re, and



runaway .Hrzde. 7. Lezesqity or 1‘1]1“: Pr1¢;c an a grade.

3. {rovisiuns ?.r a vuhlio utilitv, unusaal lsndlfig, in-

"' - r s -- u ' 5. ya

crcutssn in width for slilow.zlhs at“. 9. Ac.e..1bllltw u;
,

uterLalc and transparatiin Cdangna, :nd conditians.

10. 015‘ from cruwn 0? runaway to natural {lavatia' 0f

ham-12.. 11. ."ulcqnnzy 01‘ W'l-lti: of pros; at. .t'Hct1*“. 1'7.

2:3r03twr 0? f3. “tin79. TS. Win; Lrnut;cnt [or yrotcct-

“on 1rd nannn’“.. Q ~ '11 J.

1?. in m'ia‘msm t‘mfi it $111111 ‘0'» meant-3.21.3.1} to s:'r,.:1:'a.1;11"d-

130 supermtructures since, of variahles of width and

roadway tiprr arm but f0? 'imths usufi and 31iwfléwaIILa are

car srativa3v ?®T. “wvHthelnav it in hat the rule tbat

‘ vs I in '-..-.-“ *2 " .~ '1' n‘ c h . “7 .2- 0-" 1': S '- - v ' "-vt I... a

$112,113 as... In: (14.1: [JCUJJVHQ .lmt b1".LL-.zge "1.1“.” 3.3 Illbt L‘u SLLJ
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0 eye demands an arch. An arch

in f'sr~m‘.2:.5:n‘1‘o.' inn. mun-t. .2710 01" s".“Jack-5.5%)inutiuz. ILL requ-

iren a ”291 pa? 0? PULL h.iiay u:fi a full LHUZIK: c 0?

t1 3 : 1"?L;'(3..11. .115”) {L Vliil i.u<z:1:n-_c; 0;“ 1J-L .05“ 01‘ LEM.

2:5 T‘nqxiire-t’a. "Him s:;:::’1 5.3;; 3.! “MM“"t‘J1mm.-. wit" the

r01330 aw: Lhug nfififla?Vh L0 u 3i811 yurcwnta e the prob-

31111t? a? the revzr of £20 spun. 1.0 L1f

O .‘ -~l -* -‘ I . r- ‘- '. . . _ ,. ' .. ‘ _. _.

is i--9*“rn%]. 11.1r.with .hc leibht hum 5.1“ and ring.

1 ‘ ' -‘ 3 on ‘ ‘. " ‘ .. ‘ ’1. . - ‘~ ~ I r .‘ '. o I. h ‘ ‘ 'u .‘ “ I ‘ ' "‘

I"! a! 19 1.0.! “3‘ In"? ..L..-,‘1 .. u}. 5. {.1425} 1 bLwaug-.."(lid‘.ult.l.i)..

— - 1 . . .. n O . - , "2.. ,- - ~' . .. ' . . -' '3 - -‘

the tin“ hGCOhuJJE .er 330” 01115015 dbn “utall 13 000”.

twice or tLrLc tibufi LhaL for 0-5 abhvr sp£cial plan. lhc



yrobahélitr 01 widcv1.x finch a stun ecnnnyically is "a?

13:21. "than wit-31 almmt any other tinge. of i)!"3.('ti'?‘e deaf-n.

in ad itiun L%u firvatvr partiun nf the bridges in fiichigflw

require yilinm. and further require now" waterway than

can be securvfi fur ennui spans ofi archvs nu camp v a

with (.l'ui_;s-:."?:=. um g;1'..1'€'-.L":'8, final, mmtr‘er, "lei-'1.,;i‘..": valler.'s

are two 19v mud fiat to furnwsu sufficient rice ?nr for

arch 33329 Without rnunrninm tn vorv fiat P13” atlas.

.Lt' wuultl Hem- tmm {fat 71.? c: are};- mmw‘u‘i N3 cr-«rmidnswzi

0121} £31" sycoiul “WES w}. m: it 3.1;)": prov!) "it‘nirnhle and.

mywruyrlatc. Friar t0 July 1340 IE' of the 340 bridges

mw shown me arches. .' any wr—rn buiit on pile"; on extrane-

1y paur bntfion and but ?0w 0? than on foundation: which

OQLO under thv hnrurnn or rock ciasqiflcutiun,

Skis cvificnce 800:3 curriclent to allhinate the arch

as a standard superstructure.

Cuvfiiueratjnv of steel supernxructuré such an girfivrs

arw truasvg of trn through type will next ho gfivnw. First

tho nbjnctfinua tn fitflfll snporvtructuros far highway brid on

an rivmi 1);: the state bridge (inpartl‘cnt will be listed.

1. QMpoPinr hnuuty 0P steal to steel snporstvncturwn.

3. A thfil anyorfitructurv Lu t P0 artificially protect-

Ofi againfit tho wvathvr and this prutvctiov in Sheba lived,

nut crdiiun'ii} m'm' l'iw; yearn, 323111 at the best, tire parts

which npnfi yrotoctlon are generally inac Oflfiib30 for pairt-

ing.

 



3. To properly protect such a structure costs about

1
-
?

f

afzi.-
‘3

three per cent of étchorgiral cost each year. T‘c

ure doom not include ant dcyrcciatien or sinking fund

allowance. ‘

4. Up to 100' spans, as will be 3hcwn later on, steel

superstructuros with concrete floors have a greater first

cost than concrete girders designed for the same capacities.

3. Neglect of naintenancc 13 a scriond and flangerous

thine; and while the prefix-1f, orr'rzi'ratl 01 FILE” be eff'icietm

in its line, there is no "marantoe on the future; and in

addition, mainten 3100 o anlyat1cns are not always or the

high class that are beet suitable for such work. Iain—

tcnarce neglect is, trcn, a serisus rrflection on the

I

policy of “isilg' steel superstiuctur3.

”
O
.

7. There is usually no u.anor job to irsyoect fox “flin—

tcnancc than a steel structure. Water uhd wind carry the

elements to the most remote nlaces, and the earthly :10-

went" hold the unfgtrrfi in so act wit! th air and steel

for elncst rerrar.ert faricfls of ti c. Generate 115:1F

adjacent to 3t*01 is roculiarly (n xuze'nralle 311;eat

in the life cf the steel 1? tTe air shaull have access to

' ‘ l r ‘-—. u . 1:. "1‘“ - ‘-. '1- 1- «F "-a ‘ 1 ' .

the (31.110. 4.11. 5.31.13 11. i.art1c.113rl1' all 11-. tuere ls

- ‘ JD 9-.‘VV ..- A ---- a 3-. '1" - -

lime PP933nt in the corc1te. ”uFtJuruerU it 13 sec” Ere-

- a- . ‘ , ‘ . ..' n ‘ l n V n. q n ‘_

quentl; 11r0"11b1e b3 clu.. tne sar1aceu 1a co1tact 33d

at whnch the currnz;cu 33 must severe. inc inconvegience

of inspection be1ones, then, a seriouscr1ft3cisn of each



7. Paint crews don' t clean pro“erly, the;. paint over

daup, dirty, and greu11y places. This makes inspection u

more difficula.1313 also leads a false feelins of safety

to the s ructures. Shortly the 11:11 1t peels 01‘1'. 231119

the practical inability to maintain the structure is also

a serious objection.

8. lxpansion details on stecl hr hges are difficult to

provide satisi‘a,toriljj 1111111111031 as ez‘pzmsion [lanes at

two levels mulst usually be proviJeJ for at one end of the

structure. 110 Je1i1tutut has rccrtl; t0111:ed out a detail

free of expansion defects.

9. But few fabricating cCLpanies turn out bN a;e work

in ascore wi h agecificaticrzwquirc.icuts The greatest

criticiSLs apply to field connections, aliggmerts, and fits.

Concrete has the savantage over steel in that its work-

manship is uniform. For steel the work is no better than

the .ficld c ct101s however tell the shoe work has

beer lerforneu.

it. lt is alsosc iyjocsiLle to het a good job of err-

cot 0L PCQLPQICQL of tL- excellence oi the shop work.

11:
4
.

Very few lahlicat g cnryanies of good reputation do

tieir awn crrectisg. lhey are careless in subletting the

work. 1t takes a good ssizea lob in a good location to

tekpt the best fabricatinfi companies to do the ob of

erractlng.

11. ;Lcwnver a steel job is let, no assurance can

be given that the substructure E111 be rcaug' in time
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A furthersaving, is also Clue to the fact thwt t~ie bridge

seat elevation is dew 3' for the conerote supe~etruct-

ure,the elHut ent tblcnn.du veins 2' while for the briége

seat elevetionin the casein? steel superstructure which

is 5' a thickness f 5' is required. At the top of the

footing the concrete abutéent thic::ness would be less

for concrete superstructure than Bar steel. This is due

to the fact that the presaure of the backfill to be re-

sisu “ly the ebutHent is less in the case cf concrete

superstructures, since all backfill pressures are above

the bridge Beet. That is, for the upper 9' of fill are

camied direct 3* through the con mete snperstructure,

whereas for the steel the abut.e“ts thenseIves r st res-

ist yressure frnn this 9' fill.

From the above facts we see that in the substructure

a considerable saving was effected when the desigv for

steel was superseeded by that of the reinforced concrete.

A comparative estimate of tests with steel truss super—

structure and with reinforced concrete girder has been

V

preparefl and may be fauna an the followirg page. It will

be note& that the superstructure of concrete is slightly

lore expensive than steel, however several facts have

not been taken into considur‘fton and w:ill be d.i m4ed

at this time.

One of the important factors the bridge engineer takes

into consideration is the matter of rigidity. Some of the



oldrr types of steel D'iubvfi are war; poor exauplcs of

rigid structures. With the concrete supc"structure as

J

13..¢::;:;'.cnm in Lila awe, special 01.12.131’12515 mm ...;'-;i(‘. in the

design wiL12rc5urd to this fgctur. In a rigid structure

with large inertia the turdcncy is for tLo structure to

absorb 01-0 impact uLd live loans with but small uvcrstr-

“336% in tnc mergers.

Conflarative tlxatbu of Bogus witL P(inOPCPd cor-

creto girder superstructure and with steel truss super-

strucburu-- lat-5' spun. :EIU' roadway.

Concrete suvwcrtructurc and concrete abutrents.
 

AbutLentsl Lurp sum $Su74.11

211 Lu. gas. hraJe O concrete.

‘ilgjug '339u.{nn

3U}(rstructrle.

370 (311.3113. grade A N$1.0. 00-413.109.00

Huanfifl re-Lars 0 .US---——---—- 3145.00

3w$uUf ”tru. steel L .16------- 484b.LU

luli:h.‘u0

7
"

‘
_
‘

Cemerzt finis.heJ abntuent.3 b:u. :

DUQCI‘Sui‘LlCudI‘t, 1 i;:‘...’.:13

Engineering mad sneervision 2th..2

10631 estimate of first cost-----—-831a;3.80

anrual maintenance.

Annual erreciatiun.

 

 

r”: n- .

1 AOL,L‘-Si\ .0)‘.‘

. . . 5"“. ‘ _ n L, _.

' Lila-lit (4:45. (or! fl "'-4_—-
A J57}. ' 09"

’71.." '-- 1"- ..-. ...--J-. 1....9! .. {‘rsgv’a-w ,.,

1...: uilJQtCL‘. it; {Lil CU'IU .LU §;Q-:L'i (it‘ll. bJ-?Q‘_;}£, 5 ..J";



Stecl sunprstrncturn zwfi cancrnto abnt ants.

 

 

fihutments $5740.8U’

Piling , 2390.00

Steel superstructtre

1%:(3'hL‘IL C; .‘I'Ub 1'11:3"OOUO

CoTOPGtQ flcnr

8305 cu. Fdfiofl 5;4£)ILU 1957.

abut}:...HtS 454).).1C)

l 1001' 14,1000

ll“: re-hilrf; C, 9')? SL505“

anineoring and supervision 28L0.00

Field gairting ““335.09

Total esti: ate of first coqt-—--9~£73.06

Annual maintannhcc 110.06

Annual depr.——~BG x 26" 2.60 53;.54

Capitalized at 1[ 675.54

Estimated total cost in perpetuity $db165,43

¢&e:~--;:}-2:.'irifiééiét?£?€?£$¢5£$€$€9£?€i€5¢$

A still furt’ or saving could have hnnn oftvcbed by

having; a 5111.310 64..)mt1'4146ttw'. in t:' 20 abs‘rm jab 11' tho stool

supergtrncture Dal b0”u uJOx it WUI-d'Juv:: necessitated

letting at lncst two contracts and perhaps more. Such

work as suhstructurc of re: 3 reed ca2creta would be let

to a separzztc concern whiie that for fatricatiofi and err-

ectiou of steel tn anuthvr 020 LP two on tractors. ibis

could '52:: .1-433'211:19:12.: VCl‘j" nicely 123,- lettiag the contra-

ct in one and obtain lowar unit prions.

The price quote? for tflc steel anyorstructuro is typ-

ical of tru:3ses or"cctntlr1thout field paint and this of

course must be tafien cart of at an extra cortract. The

engineering sugarvi"inn for the steel structure is sligFt-

1y higher than for the curcrcte structure. In the constr-

uction of the steel structure three contracts are requir-



ed - atutuents - superstructure- floor. Each requires a

dif?erent inspection. in adaitiou to this a shop inspect-

ion is required on all structural steel.1t will be noted

that the first cost is in favor of the steel structure.

Several other items, however, rust be taken into account.

First, the depreciation allowance on concrcte is 1% annu-

ally as compared with 25 for the steel. The concrete str-

ucture will require no maintenance exrenditure while

structural steel will require an annual average mainten-

ance of $110. These surs capitalized at 4% the resulting

total costs are corsiderarly in favor of the concrete.

Inaddition to tris cocnarative data two sets of curves

are -u'jjJLE; stah'zibtfid. ”BEBE: 1. shows the actual cost Of

the structural steel for swans ranging from 70' to I75'

inclusive for a total of tbirteen jols. This curve of

unit cost represents the price for steel errected and

painted, exclusive of concrete floors. Sheet 2 illustra-

tes the price per cubic yerl for concrete superstructur-

es in place, he data being plotted for lfi flifFerent Jobs,

Sheet 3 represents the quartities of materials required

for concrete girder superstructures in spans from 35' to

90' inclusive. Also the quantities of structural steel

inthe truss structures free 73' to 175' inclusive are

shown. The number of cubic yards of concrete in the con-

cretc floors is likewise included. This sheet 3 in giv-



ing quantities has been niettefl in such a way that it

La? be used for illustrating any particular problem that

night be selected. This has been arriveJ at by dividing

the total yardage of concrete in the concrete girders

by the number of square feet of the resulting roadway}

also the concrete floor yarfiagec are in cubic yards per

square foot of raceway. The individual circles platted

for steel giving the bridge numbers from which actual

widths W’Pe tench; The cancrete girder curve is platted

from actual drafting roow records.

Sheet 2 is platted for maximum concrete girder span

of 35'. There is a very material saving or reduction in

unit costs in urorter spans and in order to prove the

rr511“t

u , the anxinux span is usel. There can be no ques»

tion of the fleet that if cconory can be shown‘on a 90'

spam with concrete 3 far yreater economy exists for short-

er spars. Sheet 2 shows tfiat for all Jobs on which a

lung sum is bid the average price per cubic yard for

superstructure; arrived at by taking the average price

of the Job an} auuing $7. to it. This is a liberally

h1g2 estimatd.for the 0031 of the superstructure and

free the resultant platteu pnints on sheet 2 the straight

line represents a high cum conservative price per cubic

yard of superstructure co crete.
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For a 90' PP“" the quantities involved are 1.4 cu.

yds. of concrete per sq. ft. of roadway for the concr-

ete girder, 71% of structural steel pvr sq. ft. of roads

way for steel superstructure and .02 cu. yds. of concrete

per sq. ft. of floor surface for the concrete floor.

Then if '1' represents the price in cents per cu. yd. of

superstructure concrete and 'y” equals the price of

structural steel errected and painted, for a on' girder,

then 3 equals “08, for equal costs. This means that

for equal spans with structural steel at 5 cents per 1b.,

the concrete girder Light average 30 dollars per cu. yd.,

at 6 cents per 1b. the concrete girder night average $36

per cu. yd., at 7 cents per lb. the concrete girner

might be $43.50 per cu. yd., at 8 cents it might be uhl.TP

per cu. yd.. at 9 cents $34.50., and for 10 cents it

would be quoted at $u0.uu per cu. yd. For a 75' span

similiar figures vould.be as follows! Steel per lb. 5¢’

concrete per cu. yd.-$3l.0o. o¢--$4U.Uu. 7¢~$d7.00.

8¢23$s4.50. 9¢..$61.?o. and for 50¢..fiou.oe.

Take an exarple as of Sept.1, £033. sheets 1 and 2,

The price per lb. for structural steel as shown on the

curve is 8.U¢ For a 90' girder therefore you could aff-

ord to pay $52.19 per cu. yd. for superstructure. Referr-

ing to sheet 2 it will be noted that actually you could

pay $43.00 . This means that if you would build a 90'

span of steel, it would coat 22.0f more than to build

it of concrete. Going back to Jan.1, 1923, steel prices



are 7.1fi per 1b., for which in a 00' girder you could

afford to pay $43.10 per cu. yd. for the concrete. From

curve 2 we find the actual cost to be $40.50, thus choice

would be again in favor of the concrete. how take the

low price of steel in 1931 and it will be noted that

one could afford to pay $33.00 per cu. yd. for the concrete

superstructure. This price prevailed through the year £021

and corresponding prices for the concrete ranged from $33.0

to $33.00. This is on the assumption, however, that prices

for concrete superstructure are $7.00 per cu. yd. higher

than the average price per cu. yd. for the Job. This is

considered a very conservative allowance.

The above discussion is based on the ratio of first

cost of actual superstructure. In addition to the actual

saving on first cost due to superstructure there is a

saving in the substructure for concrete girders as again-

st steel bridges, which varies with the height of the

abutment. This was found to be in the specific example

which was discussed near the beginning of this article.

he top 8' of the abutment, that is, from bridge seat to

roadway is dispensed with in the concrete girder since

the girder itself serves to retain this fill. For a steel

structure the abutnent must be carried to full height

of roadway in addition to a very thick section.

In addition to the first cost of structures the matter‘

of maintenance must becausidered. Assuming that a steel



structure will require a coat of paint every three years

and that it will take .5 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 steel or .25¢/lb.

Then assuming an average price per lb. of .6¢/lb. for steel

this gives a three year maintenance charge of about 4%

for the three year period.

In addition to the first cost and maintenance charges

in conparing ‘omparative) relative values of the two

types of structures, attention must be called to the

ability of concrete structures to resist increased live

loads. For example the 90' girder has .142 cu. yds. of

Iconcrete per sq. ft. and weighs 575 pounds. This carries

a live load of 100# 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%.thermfitéribi.inrtfie4girder

would be overstressed merely 50%rof 675 lbs. or 7.5%

lovecer in this interval the concrete will have increas-

ed in strength more than the increase in live load,

since the design for concrete is based on 28 days strength

and a result in gain in strength from a 28 day to a 12

months period will easily reach 20%»for the material.

has had a structural steel design been used, it would

take 71 lbs. of structural steel and 80 lbs of concrete

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



load of Q99# per sq. ft. or a total load of 251% per

sq. ft. If with this structure the live load is increa-

sed 50%.the stresses would.be exceeded by an amount

equal to 507. of zoo-3%, or 20% as compared with 7.4% for

the concrete design. In steel 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-

empt to say, but any concrete engineer will admit, the

life of a concrete structure is as long as the life of

a steel structure other things being equal. The matter 0

of the life of a structure in this day aha age of rapid

changes is not the determining factor since the incre-

ases in width of roadway, load capacities,-and the whim

of thepublic in regards to appearances and aesthetic

treatment 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 fer 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 occasions tested some 90' girders and found then

exceptionally stiff andreuarkably free from impact and

and vibration. The unit stresses are well below those





for which the structure was designed. The department of

bridges is experimenting with long spans and expects to

replace 100' to 150' steel spans with concrete trusses.

This tends to obviates the difficulties and long time

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 securable

materials, and the resulting rigidity and large inertia

with consequent ability to abiorb impact and live load

increases with but small overstresses are highly des-

irable.

The policy of the state of Michigan tends largely

toward concrete design. Bractically 90% of the bridge

bridge construction 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 is high and also annual depr-

eciation is greater on the steel structure.During the

past two years the bridge department has eliminated a

great percentage of the steel bridges formerely in use

by extending the concrete girder design to and includ-

ing 90‘ spans. Now practically no consideration is given

to steel construction below 100' spans.



However steel bridges are not without argueflents for

their use entirely. A few of the arguements hat seen to

be in favor of steel as a bridge superstructure nay be

found in the following aragraphs obtained free consult-

atiors with men interestud in the construction of steel

bridges as a profession.

The concensus of opinion seeued to be in favor of con-

crete construction for beauty and aesthetic treatnent

but this point is not one of consido~able importance.

The points which should control the general design of

a bridge as most folks seemed to agree were:

1. Physical conditions of the sight.

3. Requirements of the traffic.

.3. ncquirerents of the purchaser regarding type,

ornamentation, and special treatment.

4. honey available.

It is maintained that a steel superstructure can be

put on a cheaper foundation than can a concrete super-

structure. The type of abutment and footing designed by

the state department are not the most economical for the

service required of ther.in naintaining a steel super—

structure. In cases where a bridge is being built over

a sink Tole, or in places where the soil is unstable and

uncertain a steel superstructure is more certain to prove

satisfactory because a slight settlehont, if one should



 

 

 



occur, would do no harm t‘ the steel superstructure where-

as it u ght ruin a concrete design.

Types of bridges are being changed continually to

root new require:ents. In this connection it is to be

noted that of a total of 35o bridges put under contract

to date 145, or about 40.55, have been of 18' roadway.

Very few bridges are now being built with 15' roadways.

Practically all of these bridges mentioned are less than

ten years old but still many are being torn out in favor

of the 34' or other width roadways. This tends to show

that it is unnecessarily wise to spend large sums of p

public money to provide for the future 75 or 100 years

hence. no one knows what traffic con ltions will be then.

{p U) the present time practically all of the hidhwny

bridges have been constructed with roadways of 24' or less.

It is rumored that within two weeks previous to the pre-

sent writing he covernor of the state of Iichigan direct-

ed the bridge engineer for the state to start changing all

bridge plans and provide for roadways of from 30 to 30

feet on all future bridges. This move will make obsolete

all of the exnensive massive structures designed by.thc

state so far as state work is concerned. “he Lnows how

long these new structures will adequately serve the public

need. “by, then, try to pwovide for a distant, uncertain

future when chances are large that the structure will

never serve over half of its contemplated life.



In file cawe of steel bridges, when it is desirable

to relocate a stretch of road, asis often done,and a

steel briage is located on the ahanuoned portion of

the road it can easily be noveu to the new bridge site

or sozewhere else and put to use. in the case of a concrete

bridge it would have to be abandoned entirely or else

rnaoved at a considerable expense.

A steel structure over a drain or river can be remover

free thc abutnents and permit a drouge to paws through

if the bed is ever cleaned out or deepened. Also the

guard rails on a bean bridge can be removed to allow

wide obleots such as houees, barns, etc to vase over

when being uoved.

in regard to steel bridge work not being satisfactor-

ially done it is certain that the states engineers are

on the job with the instructions to reject any part or

all or the work if it is not preperly done. All finished

work oust have their approval before any money can be

collected on the Job.

As a matter of unsettled arguenent, which can only be

settled by reference to the records, it is maintained

that the suhetructure, superstructure, and floor are all

usually let in one contract whether the job calls for

concrete or steel superstructure. The matter of sun-contract

is optional with the purchaser hence the argument that



delays due to held—Ups on one or more contracts seems

Weak.

«
J
.

At present it is the policy of most organizet-ors

thet are purchasing bridge structures to investigate

what a reurby railroad has done over the sane streer

near by in regards to length of span and clearance.

This is done to get the advantage of the experience of

the railroads. Their engineers are regarded as among the

best in the country. yearly all of the bridges Within

a reasonable length of span that are uilt by the rail-

roads are of the plate girder type. If the railroads

fire the plate girder superstructures will stand the

vibrations and impact, and can give satisfactory and

BCODOLic service, wouldnvt they be worth consideration

for use on the highways? With the prices that prevail in

Sichigan in $020 plate girder highway bridges can be

sold, errected and sainted, for S¢ per pound. A plate

girder highway bridge may not present as pleasant a View

as a concrete girder; but in be light of economy and

good business it is hard to believe that the aesthetic

treatrert is worth the difference in cost, difference in

the length of time that the road is closed during con-

struction, ease with which the exact status of the bridge

can be deteruined, and simplicity of cvnstruction.



In conclusion the author wishes to state that a com-

parative analysis of steel and concrete in structures

made today would be of little use 10 years from toiey,

r
d
.

because of the ever changing rat 0 of prices, :et. 2oes

of handling and transporting materials, and cbarges in

the denaeds made upon the structure in its :ses. For

ex:iwyole:A brridhe bu.llt durirg tl:e w:zr was considered

best when it required he lee't libor and time for constr-

2ction but which would anve pronise of servirg for a

roosoreble length of tire. Today that'bridgo is besst

which presents the the most pleasing view when seen

in the surroundings in which it is to be co structed.

In other words aesthetic treotrent seems to have the

greate.t bearirg on the type of brings chosen. Vhat

features will control the d.e"i~n of ‘Wri :;es in years

from today noone can tell.

1320 writer co: .2.~2e::1ce>i his i11ves~2tiggetioos for this

thesis with a prejudice favoring steel superstructures

fdr use on bridges on be public highways. This pre-

judice was the result of a lock of knowledge of the

adaptability of the concrete superstructure when used

u22der the varying cendlti.ons tizot a bridge for stard-

nrd use would be az7m1lied. After concluding what was

cossidere i on izport.iel inv-stigst;ion t}.e writer has

concluded that for highway bridges that must continually

bear increased loadings and serve the greatest possible



 

length of time a concrete girder is the nest economic-

al type up to and including spans of 100' in length.

Enough data is not available to make an accurate com-

parison of spans of greater length. Rough estimates

indicate, however, and the writer is inclined to agree,

that for the longer spans steel structures are the most

economical.

Data for this thesis was taken from a survey of the

records of the bridge department of the State of Hich-

igan, advice of friends, and from consultations with

contractors, steel manufacturers, and others interested

in the subject.
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