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the undersideof the flangeof the rails, wherea
speciesof permanentlayer of corrosive liquid is
formedbetweenthe surfaceof the rails and that of
thechairs.

Various instancesof this are givenin detail. On
oneof the rails (Vlgnolestype) on the descending
line in the long Roncotunnel,the corrosionof the
flangein two-and-a-halfyearsamounted,in various
places,to 0.086in. On the ascendingline in the
sametunnelthe maximum flange corrosionafter
three-and-a-halfyearswas, in somecases,as much
as 0.22in. to 0.26in.; and after four years‘wear0.28
in. to 0.3in. Thecorrosionhadhoneycombedtheen
tire under-surfaceof theflange. Otherexamplesare
illustrated—fromtheFrejus tunnel,on theTurin and

minimumelongation14per cent. Experimentswere
alsomadewith a.view to theadoptionof a rail not
greatlyexceedingin weightthe old type,but with
larger bearingsurfaces.The width of the head is
increasedfrom 2.36in. to 2.83in., and the weightis
90%lbs. per lin. yd. The areaof abrasionallowable
is 2.23sq.in.,as against0.72in. in theold type.

Sincetheadoptionof thenewsection,noinstanceof
elongationor unduedeflectionhas beennoted,and
theextentof abrasionhas beenconsiderablydimin
ished. Thenewrails laidin theRoncotunnel,for in
stance,in October,1894,wereexaminedin February,
1897,l. e.,after two yearsand four months,and the
reductionof theheadamountedto only0.118in.

The resultsof themethodsadoptedfor securinga

Vvorks. TheseHowe truss spanswere replacedin
1874by iron spansof theWhippletype,madeby the
AmericanBridgeWorks,and thedrawwas replaced
by a. pin-connectedPratt truss draw span in 1887,
furnishedby theDetroitBridge& Iron Works.

The reconstructionof this draw involveda rather
novelpieceof engineeringwork. Owing to the dif
flcultyand dangerof placingfalseworkin the river
at this point, it was decidedto erectthenew draw
up and downstreamon the protectionpier, leaving
the old draw intact to carry the railroad traffic.
Whenthenewdraw wascompleted,thetwoarmsof
the old draw werecoupledtogetheracrossthe new
drawandthelatterwasthenswungin line with the
railroad,thusbringingtheolddrawspanin theposi

Fig. 4.

Modaneline; from the Sella tunnel,on the San
Giuseppe& Savonaline; and from theBelbotunnel,
betweenSanGiuseppeand Bra. In theLavenotun
nel,betweenNovaroandPino,wheretransversefrac
turesnecessitatedtheremovalof variousrail-lengths,
a mostextraordinarydegreeof corrosionwas noted,
amountingto 0.39in. on theundersideof the flange,
while the abrasionof the headamounted(in the
worst case) to 0.49in., the rails having beenlaid
eleven-and-a-halfyears.

Action of SeaAir on CoastLines.—Thissourceof
corrosionhas beenchieflyobservedon the Ligurian
Riviera,wherethe line is not merelyexposedto the
salt air, but is frequentlysubjectto drifts of spray
from the waves. In such casesthe rail frequently
reachesits limit of safety long beforethe normal
wearhas beenattained. For instance,on the Celie
andCogoletosectionof thelinefromGenoato Venti
miglia,theVlgnolesrails,after fifteenyears’service,
showeda reductionof only0.1118in. to 0.158in. on the
head,but weremuch corroded in the flange,fre
quentlyto theextentof 0.158in. to0.236in.; whilethe
width of the flangewas correspondinglyreducedby
0.39in. to0.6in.,andin somecaseseven0.79in.

PermanentElongationand Deflectionof Rails.—In
additionto abrasionandcorrosion,otherdestructive
agenciesmay benoted.

On the Mont Cenisapproachline, betweenMeans.
and Chiamonte,on a gradientof 1 in 34%,laid with
Vignolesrails, it wasfoundin severalcasesthat the

SpanNo. 1, Chicago8. NorthwesternBridge,Clinton,la.

diminutionof chemicalor corrosiveactionhavenot
yetbeendemonstratedonasuficicntlyreliablebasis.

On the Celieand Cogoletosectionof the Genoa&
Ventimiglialine,someof therails relaidin 1891were
coatedwith tar and with other ironworkvarnishes.
\Vhenexaminedin 1896theresultsvariedin diiferent
partsof therail. The frictionof theportionsbedded
in theballastor in contactwith thechairsand fas
teningshad naturally worn away the coating;but
thoughrust was slightlyformed,very little traceof
corrosiveactionwasobservable.In theexposedpor
tionstheprotectivecoatingstoodremarkablywell.

Concurrentlywith this, a similar experimentwas
beingmadein theFrejus tunnel,and the rails were
examinedafter an averagewearof threeyearsand
eightmonths. The Bessemervarnish was found to
have beenthe mosteffectivecoating;next to this
beingtar, two coats. Althoughthe periodwas too
shortfor theestablishmentof conclusivedata,it ap
pearsto be distinctlyprovedthat the small outlay
for a protectivecoatingis amply justifled by the
additionallife andsoundnessof therails.

Reconstructionof the Chicago 8: Northwestern
Bridge,Clinton, Iowa.

The Chicago& NorthwesternRailway, as pre
viouslynoted,has,during thepast winter,replaced
a.numberof importantbridgesat variouspoints,and
theaccompanyingengravingsshowthemainfeatures
of thereconstructionof four fixedspansof thesingle

Fig. 5.

tion over the protectionwhich the new draw occu
piedwhilebeingerected.This work wasdoneunder
thedirectionof Mr. E. C. Carter,now PrincipalAs
sistantEngineerof theChicago& Northwestern,but
at that timeEngineerfor theDetroitBridgeWorks.

The presentwork carriedon during thepast win
ter consistedin replacingwith pin-connectedPratt
in by the AmericanBridgeWorks. In 1870the re
mainingsix 200-footspansin the eastchannelwere
removedandnewpiersbuilt for eight150-footspans.
These,with the exceptionof two spans,were pin
connectedPratt trusses,and the following bridge
companiesfurnishedtwo spanseach:DetroitBridge
& Iron Works, Phoenix Bridge Co.,and Keystone
Bridge Co. The two exceptionswere Post trusses
and werefurnishedby theAmericanBridgeWorks.
The first 200-footspan in the east channelwas re
placedin 1880by Rust & Coolidge,with a Whipple
truss,and during the years1882to 1885,the Lassig
Bridge & Iron Works replacedthe remainingeight
150-footspans in the east channel,using pin-con
nectedPratt trusses. All this reconstructionwas
underthedirectionof Mr. John E. Blunt, thepresent
ChiefEngineerof theChicago& Northwestern.

The presentwork carriedon during the winter of
1898consistedin replacingwith pin-connectedPratt
trussesthefirst spanof theeastchannel,formerlya
200-footWhippletruss,and the threeflxedWhipple
trussspansin thewestchannel.This last work was
doneunderthedirectionof Mr. John E. Blunt, Chief

originalclearancebetweentherail endshad entirely track bridgeover the MississippiRiver at Clinton, Engineer; Mr. W. H. Finley, Engineerof Bridges,
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disappeared,andthatoneor bothof therails hadex
tendedlongitudinally,pressingtogether,causingthe
headto bulgeout-—inonecaseto the extentof 0.39
in.——correspondinglydecreasingin heightandtighten
ing the gaugeby fully ,‘

,,

in. Betweenthe points
of supporttherails werealsoconspicuouslydeflected,
so that the numberof supportscouldbe countedby
thesuccessivecurvaturesor undulationsof the rail.
This wasevidentlydueto thedefectivequalityof the
steel.

MethodsAdoptedfor DiminishingtheWear or De
ierioration.—Duringthe past threeyears a harder
steelhas generallybeenspecifiedthan was formerly
adopted.The old specificationwas, tensilestrength
35tonsper sq. in. (sometimesevenless),with mini
mumelongation18percent.to20percent. Exceptin
specialcasesthe normal tensilestrengthnow re
quired,is from 41tonsto 441/,tonsper sq. in., with
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Theoldspansareshown.in dottedlines.

Iowa. This bridge,at present,consistsof onedraw
and twelvefixedspans,and, like most of the Mis
sissippiRiver railroad bridges,has beenrebuilt a
numberof times.

The river at this crossingis dividedinto an east
and west channelby Little Rock Island. In 1860
the east channel was bridged by seven 200-foot
spansof the McCullumpatenttruss. Thesespans
werefurnishedby thepatentee,Mr. D. E. McCullum,
and the foundationsand masonrywereput in by
Harper& Crossof Chicago,underthesupervisionof
Mr. Milo Smith,Superintendentand Chief Engineer
of theChicago,Iowa& NebraskaRailway. The rail
roadtraflic wascarriedover the westchannelby a
ferry until 1865.During1864and1865thewestchan
nel was bridgedby threeHowe trussspansand one
300-ft.draw spanof the Bollmantypeof truss; the
draw was furnishedby the Detroit Bridge & Iron

Fig. l.—TheChicago & NorthwesternBridgeat Clinton,la. "

had chargeof thedesigningof the bridges,and the
plans for the falsework,while Mr. H. J. Slifer, Di
visionEngineer,superintendedthework in thefield.
TheDetroitBridge& Iron Worksfurnishedthespans
and erectedthemand the railroadcompanyput in
thefalsework.

Fig. 1 showsthegeneraloutlineof theoldandnew
trusses,and the arrangementof the falsework,the
old masonrypiersandabutmentsbeingusedfor the
new superstructure.It will be seenthat thereare
two spans, 171ft. 6 in. long, consisting of 7

panelseach,one196-footspanof 8 panels,and one 8

panelspan197ft. 7%in. long. All trussesare pin
connected.Thestrainsheet,Fig. 2

,

givesthestresses
in thedifferentmembersarisingfrom the combined
live and deadloads,the area of the cross-sections,
and indicateshowthevariousmembersare built up.
The small diagramgives the arrangementof the
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wheelloadsfor two standardconsolidationlocomo
tivesat the headof a train. The materialusedfor
the rivetedmemberswas soft steel,while medium
steelwasusedfor eyebars,andall holeswerereamed
in the bottomchord,floorsystemand their connec
tions.

/ca.rza4§l'qurmns.'l}ar'/mr124ZI_'.-uzmesiiivrznvqn_l§ ems;/a

mm/d‘-_l_41'at’-xi-l

corbelsweresawedoff closeto the mainpostsso as
to allowroomfor thenewfloorbeamsto bedropped
into place. In this way theerectionprogressedrap
idly, as shownby thefollowingrecord:

The new spanswereerectedwithoutmishapand
withlittledelayto traffic. Duringthis timetheaver

/ca/=zasZ.[?-\_42r1¢s;.')'~!z
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! __ i FloorslamandBottomLnilnlsToelalemlsaslhonnfaommm.__ '
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OneSpanlikethisrequired.SpanNo.l.

Theassumedloadingperlinealfootof trackwasas
follows:

Liveload,lbs. Deadload.lbs
, Stringers... 9,600 5J0F1°°"“>=“°“‘~~-

{I;lé_)cf)rbeax11s..
5,610

2%1 t. an........ ..... .'l‘russes.........."Ln 51).. _ _ _ 2,160
Floorbeamreaction......... .................... 84,500lbs.
Stringer “ ...... ....... . 30,95Uibs.

The unit stresses,in lbs. per sq. ln.,‘usedin cal
culating the cross-sectionof the various members,
wereas follows:

Liveload. Deadload.
Platesandshapes . . 8,010 16.000
Eyebars.......... .. 9,600 19,200

Q Shear. Bearing.

1111flw==Y=wm--{‘r‘.-‘JAE........1131:§:‘1’3'6 131%R*‘"‘’'-*‘-
D t

< .\‘hop..... 1.500 15.000“ ““‘“°s-------{Field...... .. 6,000 12,000
Pins...... ............................ .. 6,001) mm

0\ving to the dangerfrom the breakingup of ice
and otheruncertaintiesconnectedwith the erection
of a bridge on faisework in theMississippiRiver,
especialcare was taken in designingthe falsework
to permitof rapid progressafter the old iron spans
wereremoved.The falseworkis shownin detailby
Fig. 3,andit will benotedthat it consistedof framed
trestiesrestingon piles. Each bent under the new
iron trussspanswasaccuratelyspaced,as shownby
Fig. 1,so as to benot lessthan18in. to onesideof
thepanelpoints. After the old iron work had been
removed,the track was carriedon stringersby the
fzilsework.In erectingthe newspans,thetloorwas
put in, a panelat a time,by removingthe blocking
and temporaryfloor,and theold stringersand their

Fig. 2.—StrainSheet,ClintonBridge.
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Fig. 3-Details of FalseWork; ClintonBridge.

agedaily numberof trains passingover the bridge
was33,whilethemaximumnumberfor a.singleday
was44,andtheminimum25trains.

Figs. 4 and 5 areviewsof spanNo. 1
. Fig. 4 shows

the progressof the \vorkon February24,whenthe
new floor was restingon the falsework;the lower

panelchordsandintermediatepostswerein position,
while the center panel top chord was just being
placed. Fig. 5 showsthesamespan,on February 26.
completedand ready for the removalof the false
work. This view also givesa goodidea of the ap
pearanceof thetruss.

StatcmcntShowingRenewalofFourSpansoftheMississippiRiverBridge,Chicago5:Northwesternlt_v.,atClinton,Iowa.

SpanNo. Date. Takingdownoldiron. R|3n1g]']{g_

13.... Jun. 1
9

.

1898...... Gpanolsateastand2atwestends.. .. .. Stringerseatsateastendin place.
Z0 ..All lI‘0li(l0Wl1at _ T1-uggtgcgdtg

335;Qfldandglflnggrggnts
wonon .

£
1 - All flo'orbeamsinandall slrlngersexccptwest nel.............................................. Masonrycomplete.-3 - Floorsytcmin.10intermediatepostsup. 2 panes west.endbottomchordand

centerpaneltopchord,withlateruls,countersandstruts.

2
3 ------ All ironwestofcenterpanelin place......................

£
4 - All ironexceptcenterbottomchordbarsinplace

_.
.5 ........... . .‘...Spancoupleat1199“_ _10...............Jan. .31,1898. Allironremovd except-iwestpanis ....................................... Stringerseatsateastendset.Fen MHPQ"1‘9"1°Y¢d~-- Eastpanelfloorsysteminplace Masonryeastendcomlete~ - All stringersinplace,excepttwowestpanels...... Masonrywestendhnl completed.3

Flolor
systeminatnoon.10intermediateposts,2 panelsbottomchordateastend it Masonrycomplete.

ace.4 A llirogC&fit0fC('-11l;0l‘panelin place,2 panelsbottomchordateachendandtop
_ c 0 a u .

3 _ $
1

.1

iron

in
] exceptpinsandcenterpanelbottomchordi...

.1... . .. Feb. 1 . w.-_.e".";.'.a",;o;¢;1;.1;2;.;"'aaa.
"

...‘.’f?.'.‘..‘":‘.’f‘.‘?.‘.‘f’.°.’.“"""""9 ..All ironrcmov‘dcxceptfieastpan'ls . . All masonryin place.9 Allironremoved 3 anelsfloorsystem3,1;west.andinplace.......10 - oorsystemin. 5 intermediateposts,4 panelsbottomchordinplace.

2
% _ironiwesll;of

dlou€1le_(3l*dIll§_l‘1'pnntolssin place.......... . Vvorked15hours............................................. . iron n ace, ' .1 .. . . . Feb.18,1898... 4 eastpanelsironremoved. .. Feb 19and20storm,nowork.21 ..All irondowncxcept2panels. . .. Masonryateastendcomplete.22 Allironremoved........... .
iflmnels

floorsystemin .. Masonrycomplete.

2
5

2

- ------------------ . oorsystemin. 6 intennediate
|iiosts

all up 4 cndpanelsbottomchordin .2 . tplanolsironcomplete,inter-medatennstsall up.........

?5 . A ironinplaceexcept4 panelsbottomchordbars ..36 ---------.. Lustpindrivenat 3 p. .. _ _, _

Summary.

old 595-11 Newspans. _, Timetakingdownold, Timeerectingnew
SP5"I‘~°- spans. spans. Remarks.

L0!18l»l1- N0-Panels. Length. N0.panels.

13 171ft.0-‘$4in
.

13 171ft. 6 in. 7 14hours. 45hours.10 171ft. 9
3

»
?

in. 13 171ft. 6 in. 7 15hours. 46hours.11 1%ft 11/4in. 15 196ft. 8 25hours. 37hours.1 197ft.7%in. 12 1577ft. 7%in. 8 25hours. 47hours. 11

Averagetimetakingout 4

50min
panelsofoldfloorandputtingin 2 panelsofnewfloor,1 hourand30minutes.Averagetimetakingout2panelsofoldfloorandputtingin 1 panelofnewfloor,~i
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