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GAINS, FINDINGS, AND CONCLUSiONS

The wide range object'ives of the study consjsted of determining present to

future usage of railroad car bridges, development of a railroad car data archive,

and development of load ratings software for railroad cars. The follow'ing are

a few h'ighl ights of the achievements.

A survey jnstrument was sent to all cities and county iudges in Arkansas in

i988, and follow-up surveys w'ith county iudges were conducted. Thirty-six of the

75 judges reported that ra1lroad car bridges were being used in their countjes,

and that i67 railroad car bridges are in use, up from 74 reported in 1985. The

judges reported that 73 percent of the railroad cars used were flat cars and 24

percent were box cars with the sides removed. Field v'isits revealed different

percentages .

Seventeen raiIroad car identification numbers were found duning the field

visits. Drawings and specifications were obtained for sii box cars but none of

the flat cars. This resulted in detailed information being obtained for four out

of the 167+ railroad car bridges in Arkansas. A limited archive was developed

presenting structural member spacings, member d'imensions and member

specifications.

Software was developed wh'ich determ'ined the load rating for a railroad car

bridge. The load rating was based on inventory and operat'ing veh'icles. The

program v{as checked by 1) bui 1d'ing and testi ng a one-th'ird scal e model of a

railroad car frame, and 2) test'ing four bridges in the field.

A one-third scale model of a typical box car frame was constructed,

instrumented, and tested. The objective of this task was to check the accuracy

of the analysis program in predicting the behavior observed in the laboratory.

The calculated strains by the analys'is program were with'in ten percent of the
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measured strains for the model with single and tandem axle loads centered or

pos'itioned at the edge of the model (with respect to the width of the model).

The worst loading case or max'imum strains were determined to be when a single

axle was positioned at mid-span and along the edge of the frame.

It was found that the analysis djd not accurately predict the behavior of

the model when it tras subjected to point loads which resulted'in a torsjon

rotation of the model . However, the results were not critical forit was

determined that th'is load'ing case did not produce the maximum strains.

A series of eight destructive tests were carried out on the scale model of

the box car frame. These tests were carried out to determine the accuracy of the

fin'ite element analysis in predicting the behavior of the model when'it had bedn

damaged. The tests revealed that there ulas a good agreement between the strains

measured jn the model and the strains predicted by the finite element analysis

when there was I jm'ited damage.

Four rajlroad car bridges, each constructed from a different type of

railroad car frame were field tested. The loading rating program did pred'ict the

behavior of the flat cars with reasonable accuracy. It should be used for each

railroad car and the bridge loading based on the weakest car.

The analysis program was not as accurate when predicting the behav'ior of

the bridges constructed from box cars. The s'liding sill box car had a

conservative estimate of the load capacity of the center sill. The bridge

constructed from stationary center sill box cars was unique'in that the side

sills were bolted together. This had a major inrpact on the behavior of the

bridge for point'loads were uniformly distributed by the composite behavior of

the box car frame.
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EXECUTIVE SUMMARY

The purpose of the study was 1) to establish present and future use of

flatbed railroad car bridges in Arkansas; 2) to estab-l'ish a data base of railroad

car frame technical l'iterature, member s'izes, sectjon properties and materials

strengths; and 3) if a sufficient data base could not be established, develop and

verify a load rating software program for rajlroad car bridges.

A survey jnstrument was sent to all cjties and county judges in Arkansas in

1988, and follow-up surveys wjth county judges were conducted. Thirty-six of the

75 judges reported that railroad car bridges were being used in their counties,

and that 167 railroad car bridges are in use, up from 74 reported'jn 1986. The

judges reported that 73 percent of the railroad cars used were flat cars and 24

percent were box cars with the sides removed.

Twenty-seven bridges were visited during field trips composed of 52 railroad

cars;4I were box cars, eight flat cars, and three gondola cars. Car

identification numbers $rere found on nine box cars and eight flat cars.

Seventeen railroad car identification numbers were found during the field

visits. Drawjngs and specifications were obtained for s'ix box cars but none of

the flat cars. Th'is resulted in detailed information being obtained for four out

of the 167+ railroad car bridges'in Arkansas. A limited archive was developed

presenti ng structural member spaci ngs, member dimensi ons and member

specificat'ions.

A survey of the rai I roads and the Ameri can Assoc'iat'ion of Ra j I roads

revealed that prior to 1964 each railroad had'its own design standards. In

September, i964 the Amerjcan Assoc'iat'ion of Railroads developed the

Spec'if icat'ions for Des'ign, Fabrication and Construction of Freight Cars. The

oniy noted change in the spec'ificat'ions between 1964 and 1987 was the design
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loads. The draft load changed from 300,000 to 350,000 lbs and the compressive

end load changed from 800,000 to 1,000,000'lbs. This would reflect the longer

trains in use.

Software was developed which determined the load rating for a ra'ilroad car

bridge. The load rating was based on inventory and operating vehicles. The

program was checked by 1) building and testing a one-third scale model of a

railroad car frame, and 2) testing four bridges in the field. The results

obta'ined from the model and field test'ing were compared to the predicted results

obtained from the load rating program. Corrections were made as necessary.

The load ratjng program is based upon performing a finite element analysis

on each railroad car used in the construction of the bridge. The software was

designed so that the data from a bridge 'inspection would be used to produce the

required finite element data files. The data consists of beam spacing, type of

structural members, dimensions of the beams and the locatjon and a description

of damage to structure.

A one-third scale model of a typical box car frame was constructed,

.instrumented, and tested. The objective of this task uas to check the accuracy

of the analysis program in predicting the behavior observed in the laboratory.

The observed behavior cons'isted ofmeasuring the strains at several locations in

the model. This was achieved by developing instrumentation which sent noise-free

s'ingles from the strain gauge to a data acquisition system. The model testing

cons'isted of loading the model with point loads, single axle loads, and tandem

axle loads at several locations. Also, the effect of two railroad cars being

bolted together was studied.

The calculated strains by the analysis program were within ten percent of

the measured strains obtained from the model for single and tandem axle loads

centered or positioned at mid-span and a'long the edge of the frame.
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The effect of two railroad cars being bolted together was obtajned by

adding an additional sjde sill to the model. It was found that the analysis

program did not accurately predict the behavior of the modei when it was

subjected to point loads which resulted in a torsion rotat'ion of the mode'l .

However, the results were not critical for it was determined that this loading

case did not produce the max'imum stra'ins.

A series of eight destructive tests were carried out on the scale model of

the box car frame. These tests h,ere carried out to determine the accuracy of the

fjnjte element analysis in predicting the behav'ior of the model when it had been

damaged. The tests revealed that there tras a good agreement between the strains

measured in the model and the strains predicted by the finite element analysis

when there was limited damage.

Four railroad car bridges, each constructed from a different type of

railroad car frame were field tested. The frames cons'isted'of flat cars with

tapered and trussed floor beams and box cars with statjonary or sl iding center

s'i1ls. The bridges were constructed by placing two flat cars side-by-side with

a center spacer or bolting the s'ide s'ills of box cars together or just laying box

cars next to each other.

The loading rat'ing program did predict the behavior of the flat cars with

reasonable accuracy. The spacer between the cars permitted the cars to act

independently of each other. Thus, the load ratjng program should be used for

each ra1lroad car and the bridge loading based on the weakest car.

The analysis program was not as accurate when predict'ing the behav'ior of

the bridges constructed from box cars. The program over estimated the stra'ins

in the bridge constructed with sliding center sill frames. It was assumed that

the sliding sill would not carry load in the analysis program and the field data

revealed that it did carry a significant percentage of the load. This resulte'
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in a conservative estimate of the load capacity of the center sill.
The bridge constructed from stat'ionary center sill box cars was unique in

that the s'ide sills were bolted together. This had a major impact on the

behavior of the bridge. When trucks were positioned so that they directly loaded

the ins'ide s'ide sj'll, the field results showed the outs'ide s'ide sill across from

the truck had an equal or greater strains. Ther:efore, the load was uniformly

distrjbuted by the composite behavior of the box car frame. However, the maximum

strains in the bridge were produced when the truck was centered on the car at

mi d - span

One of the.loading tests performed in the field was measuring the strains

in the bridge as d truck drove under normal operating cond'itions across it. in

all cases, the maximum static strains were greater than the observed strains.

One reason for this was that the truck was carried by the two ra'ilroad cars for

the dynam'ic test and for the static tests it was positioned on one car.
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IMPLEMENTATION STATEMENT

A major objective of this research project was to develop a mechanism which

would result'in load rat'ing for railroad car bridges. Th'is objective was

achieved by the development of software wh'ich aided in the analysis and ratings

of these bridges. It'is recommended that the software be used for this purpose.

The accuracy of the ratings have been checked by laboratory and field tests.

Field v'isits revealed that the majority of ra'ilroad car bridges consist of

two ra'ilroad cars placed side by side. The normal driving lane consist of

straddling both cars as one drives across the bridge. However, there ex'ists a

possibi'lity that a vehicle may occupy one car on1y. Therefore, the software

shoulO:Ue impldmented for each car used to construct the bridge. The'load rating

should be based on the lowest rating obta'ined from either car. Also, if a spacer

is used between the cars, the load cap'acity of the spacer should be checked and

compared to the load rating obtained from the software programs and the sma'ller

val ue used.
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CIIAMER ].
INIROU'CTTOT{

1.1 The ffiIsn
In recert years manlu ccrn::ty ard city goverrnEnEs have begtn r:sirg

salvageable railrrcad cErr:s e.< hi$may bridqes on lcnr voLue rcads. This tlpe of

bridge prorrides an econcnrical nEans of rieplacirg sericn:s1y deficient bridges.

Hcffever, the fedo:a11y nrardated l{atianal kidge Irrspection Hrcga:am re+Lircs

that load ratirgs be rnade for all bri@es i:: tlre p:blic higfn'ay qgsten

includirg roads witi Icry traffic voh.ues. At pesent only linited trtrr-iea'l

data is available to tne ergireers for use in establishirg load capacity

ratirgs for tlrese bridges.

L.2 koject, Objectives

the sErraly rlas divided irrto trD phases. Ihe ffust Fhase cqrsisted of 1)

estabU.stliry prcsent ard fuhre us.rge of flat bal car bridges in arkansas ard,

2) establishirg a data base of tedrrical litelraUre, ruiber sizes, sectisr

prope*.ies ard material sbetrgths. fhe secqd pnase consisted of ttre

develcErBrrt of a load ratirg softlarc progra for r:ai1road car bridges

Phase 1 Specific Objectives

L. sunrgf all ccrarties ard cities in Arl<ansas to detemire tlreir use

(srdl as nfrer in r.rse ard plars for fubre r:se) of railrcad car

bridges.

2. Srrrrgf 'naricr:s raifroads ard railrcad car mrufaclercre to eain all
arrailable tedrnical literahre regard"irg railrd cars.

3. ffumirE railroad car dp.igrr load ard qrcificatians, fim 1935 to

present,, as ryecified ty the lrerican Asseiatim of Railroads.

l-



obtain information for ttre desrelcprnerrE, of an aadrive of rai.J-trcad car

bri@s e:d-stiry in ttre state. Ihi.s arrtrive rril] irclude msnber

sizes, s€ctioral prcperEies ard mterial strcngths for primary

sEnrcfi:ral elserrEs. AIso irEluded stlculd be prirrts of origirnl

desigr drawirqs ard design specificatims.

Surarey tlre raihoads to detemire tlre preserrE analytical dels in r:se

for railroad cEllis. AIso, aletemire tJre anallnsis schsr=s us€d for the

origiral desigrs.

organize tle infomatiqr &tained in Cbjectirrcs 2-5 into a useflil

archive rith a fomat e =ily urderstood ard usable bry AIIID.

Phase 2 Obiectives

Eve.Icp a sofEmre prqplarr r*rictr turld be capable of detetainirry load

ratirry for railroad car bridges.

2 Csrstnrct ard tesE, a qethird scale de.l bcp< car fmre. fre resulEs

shculd be us€d to calibrate t}te sofEmre progran ard to shrfy the

effect of selected danaqe to stnrbural rnsftelrs.

Frfm field tests qr fcur railroad car bridges. Ihe reanlt-s shctrld

be us€d for firal calibratim of t}re sofErare progpflns.

1.3 rcthodofogy

nr order to derre.lcp the ocqatehensirre arr*ririe data base as ortUned in

Phase I, the fo[oirg tasks rcrc acorylisfted.
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Task L

Task 2

Tagk 3

Task 4

Tbsk 5

TaSk 6

Task 7

Sr:nrq,zed Ar]<ansas' city erqirpeJ:s.ard canrrty judqes to deterrnjne

presert ard firtul€ use of r:aihoad car bridges. Requested inforrnation

jnchded tlre scr.lrce of ttre cal:s, serial ntuicers ard prcblers

enccurtered with their use.

Obtaired a list of flat bed ard box car manufach::re::s ard attarpted to

ffain teclnical litel:ature qt tfte cars.

Ra/isrred Anerican Assrciatiur of Railrcads specificatiqrs f:sn 1935 to

plesertt to detemire reccnrerded desigr loads ard ryecifications for

flat bed ard bo. cars.

OHained infomatior for the devetcpurent of an anctlive of tectrrical

informatisr on c.rrs used to csrstrucE, raiLroad car bridges. tnra4['t

car registration rldelrs, the railroads trere able to stpply design

ryecificatians, naterial strcngft}ts ard lrrelrllcer sizes used in car

alog witn prints of original d,esigr drawirgs. Sirrce t}re

cars are gerremlly qtstcn desi$ed ard prdrased in a series, serial

ndcers of all cars in a series rrere regested.

A *rrney of r:ailroad @panies iderrtified in Task a yielded arElytical

dels of t}te ceulst to be used to anaryze the car's stn:ch::al

scu*ress. In a&ritisr, re eained historical data to determire

aralyEical sctrrc usd in car design for the PasC 50 years.

Infomtion eained in Tasl<s 1-5 ras oLlFnized i-nto a data alrhive

srsi.stir1l ef eill arrailable infomatiqt.

AryarA Erase I written repor{.

In onler to derre.Icp arrl calibrate the load ratirg pro$an in Ptrase If,

the follwirg tasls rcrc rylj.stlecl.
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1. A data enb::f sofErrc 1lq@ EE uritten rdridl develcped t}e finite

. e.Lqrt data fileE redd for tln r:ai-bsd car fres with uininn
ir{Flt. Ptrcgt@ fon bco< car arrl flat car fu, nrcrrr:rar ard s+trlort,

dif:icaticns, ard a load ratirg sdre se written.

Sb,ain gat.gp elec€:urlcs ard related sofEane LEE ctevelcped rrtridr

eiaslrcd strairE ard reoorded tIe data. 'Ihe strajn (ptrye elecfu:wtics

qrsi.std of tni:fry boce of e.Iecbsric @pcrsrts tdhich ccqileted t}te

sEmin qpl4p bridge, ard sert a rpise fr€e sigal to a data

aoquisiticr systEn. fre sofban= Eritord rry to thfuty strairrytrye

sigals ard a lod clt crrllrrt.

3. A se-thirri scale de.I of a Qpical bco< car ft,re ms qrstructed ard

irrstn.mrted in t&e labontaT. Strain gatlps rele plaed at ore
quarter, oenter-Iire, ard ae*hirn pirrt, alcrrg the lergth of th

del. fie de1 ms testet usirry gnirrt,, sirgle axle, ard tarden axle

Ioadirgs. EE rcsflt-s of tne @I lodirgs uere oryarea to the

reantts of tlre lod-ratirg re@ ard qzecticns to the load ratirg

rerm uere r'ade tdrjdr ir;rrorr€d tlte aollaoy of the soft ne.

4 Ihe scale del ms also srcjected to varicus deterioratisr effects

srdr as beu flarges ard qttirg berc. Ihe softrane prqFraltr

ras us€d to s,irnrlate tne reoeded strains ard rererdatims IEE

ds/elcpd for deliry the detetrioration.
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Fcur r:ailroad car bridges were instr:r:uented ard test€d in tlre ozark

!6:rrtajns. Ihe bridges were constructed fron a flat car witi tapered

floor bears, a flat car with tnrssed floor beams, a box car with a

stationary center sill, ard a box car vith a slidirq center si11. Ihe

load ratirg prcgx:am rras used to sinurlate tlte recorded stJ.ains ard

necessary modifications wene made.

L.4 Literertrrp Renrien

L.4.L Bad<gr:curd

Econcrnic A:ovrth ard t::anqporfation are closely related. State ard

inter:state highways coru:ect ard a:ie used to transporf, goods firon one

pcprlation center to ancrElrer. County roads rust st-port, b:ansportation

of pecple ard goods fisn tlre co:ntr1z to state hi$miays arxt on to

pcprlation centers. Ccunty roads ard bridges uu:st be maintained ard

in narqf cases tnere are limited furds ard tirrc for tlrese cper:ations. If

a bridge i"s lost due to age, floodirg oF ov€rw€i$rt vefricles, it needs

to be replaced wit}l a ninj:run arrcunt of tirrE ard cost. Ihe replacaent

bridges are generally strort span bridges ard can be constrr:sEed in

varicnrs forns.

L.4.2 Shor+, Span Ei@es

In general, short span bri@es a:e onstnrcted by placrrg strirger:s

bet.Jeen alrrfunts ard tlrem witfr a ded<. l,lost short spart

bridges are sirgle strEn, tnrt in a fes, cases tJrey have a dcnrble or triple
span. Ihey are onstnrcted frun timH, steel, concrete, stone or otlrer

materials. Ihe bridges are eitlrer h.lilt in place, that is, the

5
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strlrqers placed ard a deck placed on top of the strirger'sr or

prefabricated. For ercanqrle, pre-cast consrete sections are set ard tied

in place. This restrlts in reduced constnrction ti:re.

L.4.3 Noncorposite Bridges

A bridge j-s considered noncomposite vtren tkre strirgers do not, act,

as an integnl part of the decl<. In ttris type of constnrction tfie

strilgers are designed to carqf the dead load, tlre bridge ded< ard

strirger= self weight, ard tlre live load or trud< loadirgs. An exarple

of th.is tizpe of corrstn-rction is a timber bridge. Ttre strirgers a::e

heaqf timbq:s ard ttre deck timber:s tr:ansnit tlre load to the strirgers.

ttre strirgers are sized to catz1r ttre live load, deckjJq ard self

weight. Other oanples would be steel striryer:s, wide-flarge beaIIE

ccnrered wittr a timber, sEeel grid or concrete ded<.

L.4.4 Corposite Bridges

In a ccnposite bridge tlre stringers act as an integ::al part, wittt

tkre deck. By design, the dead load is carzied by tlre strirger ard the

ccnposite section ca:ries the live load ard the weight of t}te crtrts ard

r:aiIirgs. The rrcst commcn ocanple of this tlpe of constnrction is a

bridge constnrcted frcnr steel stri-rgers covered wittr a concrrete sIab.

the ccnposite action is ensured bV fastening shrd shear connectors to

ttre stri.rngers (Fig. 1.1). The advantage of conposite bridges is" that

snaller st-rirgers are requined, thus producirq a cost savirgs.

1.4.5 Modular kidges

llodular bridges are constnrcted frcrn prne-fabricated panels dtictl

6



)-.4.6

@ild be ccqlced of a variety of mterials. the parels al€ 1ifte

irrEo plae by a s$all qt:arE. Ihe Bethlehem Stee1 Oorpor:atiot rtas

.fc€i€[Ed ard uarJ<ets a rcdrlar ste.L bri@ slrs{m (1) . Ihe GC

Gtrrrcn forre are trxecast ard puresbessea cryB€te secAims. qE

sectisrs o.me in shaBes of bo<*eans, T sectians, dcuble T sectiss ard

U sectians (Figures 1.2-1.5). fhe sectists ccre in rnrffirg. widt}rs,

lergths ard d€pQs ant have ptsven to be effective, 
.'hcftEVQf,, 

scrlE

nairlstare prdlems frarrc afpeared in tlle joirrts betlreen sections.

Raitroad Car BidEes

A fast grlrrirg drlar bridge s}rsE€!tr is tle raikod car bridge

cmE{nrcted fim sahraEed railroad ctlr=i. Ihe ftare acts as the bridge

strirgers ard the stee.l or tiser deck as the rcad s.rrface. Eidges

trarre been cm*rlcE+ ftu bo., gordola ard flat c.urs wtrid ale

afpm<inately njre feet, wide.ard re in lengths tp to 86+ ft.

fip cmr bridEe dedc usd an railroad car bridges are L) asphalt

plaoed cn ti*er decl€ ard, 2) reinforced qsete plaoed qt steel decks

(Figs. 1.6 ard L.7l (3,4). SIEiaI care stsrld be Lrsed ffien cornert:irq

the bridEe to el<istirg fqrdatims. Ihe qmecticr rEeds to 1) resist

IcqiUdiral arrt latsal forrces arrl, 2) percnt tiFeirg abort t}re main

logitrdinaf bearc. orn sryested qnectiqr detail is given in Fig.

1.8.

Se.lectian of t}te car rcquia€s an erraluatiqr of mteriat strengith,

fatignre strcrgth, brittle filacleire, effect of bnoken or daryed tttenttlcel.s,

previos orcrloadirg ard c1cIic loairgs (3ra). It is s.Wes'tea that a
qditian srn sy be osrnrcted to detemirn: 1) Ie!:gth ard width of tlre

cirr 2l qlacirg arrt disrsicrrs of all @ers ard, 3) leatisr ard

7
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L.4.7 Railroad Cars

Ttrere are appr.oxirnately L2 corparries vlLddr marufactu:re raih"oad

cars. These @rpanies do not irdepadently design ard nranufasture a car

for the pueose of selling them to ttre r:ailroad. Instead, t}re raih.oad

specifies type (f1at bed, box, tank, etc. ) , lergrth, width ard load

capaciQr for a series of caris, ttren bid.s a:re taJ<en on tlre series. A.s a

result, eactr series of r:aih.oad cars has a sepa::ate set of design

specifications ard drawirgs.

Giteria for scr:apping a car is based on econonic reasons. once

ttre repair costs o<ceed tlre depreciated rra}.re of ttre car, it is

so:apped. Repair costs irtclr:de repair of ntnniry gear, car seals,

neplaceunent of decldrg, corrrcsion damage, fatigue o:ackirg ard damage

t1

condition of bent, twisted or cr:acked nembers. This ilforrnation would

yield section prcperties ard it can sera/e as a reference for firtul:e

bridge irrspections.

Strerrgth of the nernber's could be determinea LV the Hardness Test

ard stress-strain curyes develo@ fi:on satrples. Ihe ncst comnnn

naterial characteristic forrrd in tlre cars was that si:nilar to A35

steel. If riveted corurestions are fourd, t}re steel nay be A7, ttrictr is

not weldable ard has a strerqth of 23,000 psi. vltren pr.t::clrasirgr a car,

tlre follcwirq tests are zuggrested:

L. Test ttre main nembers for e:aciks by usrrq a dye penebant.

2. Sr-ppor+, t}le car on tj-rnbers ard drive cnrer it with a DB b:actor.

3. Support. the car on timbers, load it ard lleasure deflections,

tiren corpare caLctrlated deflection vs. actual stiffness.



due to derailment. The n:nnirq gear seetrc to be the decidirg factor in

nrcst cases. Age is also a replacement factor. If the car is 40 to 50

yea::s oId, it can be used only for in-lixe senrice. If it is 50 yeaLs

or older, a special permit is_required. Scr:ap value of a car 30 to 50

year-s o1d is about $300-$500 ard can:s less Utan 20 yea::s old have a

value of apprrcxinately $3000.
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CIIAPTM. 2

Sf,?ITE SJRIIEY

1 Introduction

A sr:nrey docrrrent r,las desreloped ard sent to tlre cannty juCges ard

city gcnrer.mrents in Ar]<ansas. A follcnn4r suh/ey form rras sent to tlre

ccrtrrty jrdqes vtro did ncrt, respqt to the first, maiIiry. Teleptrone

irrtewiqls rdere corducted with ttre qrfiy jdges who did not restrrcrd to

the secqd maiUry. IIo fo11ffip acticn uErs taken wit}r tlre city

goverrerrEs becar:se rn respurderrt r:sed a r:aiJ.road car bridge ard only a

fsr wer= interested in their r:se. A ccpqr of tbe sun/qf form is fct:rd j::

eppernix a.

2 Survry Objectives

Ihe &jectives of the suryqf ms to detemire tne follcrrirg:

1. lnmber of officia'ts intercsEed in usirg railroad car bridges.

2. lnder of officials ffio ha\re used railroad cars for bridges.

3. ltrmber of railroad car bridges in place.

4. lnder of sirgle, dcuble or triple qlan bridEes, span lergtlrs,

yidth of tlre bri@s ard ahrffi, oaditias.
5. Ilpes of railrcad cars usd (bo(, flat bed, etc.)

6. Irrtercst in a short qu=ie an the selectian ard installatisr
of raiJ.road car bri@s.

3 Oqrrtry Jrdge Srlr/ey Resrlts

Resrlts of tlle 6rrty judge grrrret, is girrcn in apperdix e. Urirfy-

six of tlE 75 judEes repqta tlrat nilrcad car bridges arc bejrg used in

2
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tlreir counties. Ttre judges retrrcrted that ther-e r/ere 167 r:aj-lrtad car

bridges in the state in the faII of L988.

2.3.L Response to Srestions

1 Ilave you considered usirq r:ai1r'oad caES as strort span bridges or aLe

you r.sing ttrese bridges?

SanenQr five percent of tlre judges repor{ed that tiey had

considered r:sirg r:aih"oad car bridges. Of tlis 75 trErcent, 36

(54?) have r:sed railroad car bridges.

Hcnr were you inforrned about the use of r:aiIr.oad cal:s as short span

bridges?

F'ifty six jr-rdges repolted that tiey considened usirq

r:aihoad car:s ets; strort span bridges. Fcnrr*een petrcent learned

about tlre bridges fnon a frierd, 29 pelrcent f:sn a sr.pplier, 20

pencent saw one in p1ace, 4 percent frcun an article, S percent fy

ottrer rrEalrs, atrd,24 perrce$ did rd, reseorO to the question.

3. lfunber of Spans.

of tlre L67 bridges reportcd in the stat€ durirtg the faII

1988, 77 percent (128) were sirgle span, 19 percent (31) hlere

dor$Ie sp?D, ard 1 percent (2) had tlu€e or ncr€ spans.

2
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4. Width of the Eidges.

Eidge rddth was rcported for 163 of ttre L67 bri@es.

Severrteen percerrE (28) rrerrc orE car wide, 71 percent (115) were

tuo er:s ard l-2 perrcert (20) rcr= trp ca::s plus a spacer.

5. Span tengths of the kidges

Eidge ryan lenqfth ras rcgnrted for 165 of tlre L67 bridges.

fhe regllEs are slrcwn irt Table 2.L.

Table 2.1 Ei@e Span tengfifts

lfi.unber of EidcrcsSpan Length (ft)

o-20
2L-25
26-30
31-35
36-40
41-45
45-50
51-55

5ft

L.8
4.8

10.3
2.4
6.L
1.8

25.6

3
I

L7
4

10
3

42
2L
57

Fercent

L2.7
34.5

5. Tytr= of Railroad Car Used

Ilpes of raiJ-road cans used in ustn:cLim lrere rcported

for 150 of tlre L57 bridges in use. Se\rcnty three percent (L1O)

tae flat car:s ard 24 percerrt (40) we bco< cars wittr t}le sides

rwrd.

15



7. Erpansion ,foirtts

T\,uenty ss/en of ttle judges respornea to ttre r:se of opansion

joints. Ihree r"eported considerirg tlreir use rtr-iIe none gave

ilfornation on the tlpe of joints used.

8. Abutnents

Meilrod of the railrcad car to the abuEnent was

reported for L25 of ttre L67 bridges. lfie car was placed on tcp

of tlre abutnent in 68 bridges (542), rnain beans wer:e notched in

onder to help najntail tlre rioad grade for 28 bridges (2ge.), cast

irrto tlre abutrnent for l-5 bridges (LzZ), ard 6 bridges (5?)

r:sed other netfrod.s.

9. Desire a Short Course

Ttre judges we:re polIed to deterrnine if tlrey were intenested

in a strort corlrse on tlre selection arrt installation of r:aiIr.oad.

car bridges, Sixty-nine of tlre 75 judges responaea, ard 56

percert (42) were interested in ttte ccurse.

2.4 City Gorenunent Sr-rnrey

Ttre su:rrey form was sent to all city govearrnenits in Arl<ansas, a total

of 485, ard Urirty fo:r percent, (166) resporded. None r.eported the use of

railroad car bridges, horlaner, sorrE were irrterested in their use.

16



2.4.1, City Response

Thidy of ttre L66 cities (r-8?) resporded that tlrey had considered

r:sirq r:ailnoad car bridges. Twenty-one of tIte 30 rlaere interested in a

strort @trrse. Thfuty stated ttrey had not considered usirq the railroad

cars but that they wouid be intcr.ested in ttre cc,ur:se. Overali, 5L (31

per.cent) of tlre citlz gcverrnrents are interested in the short ccul:se.

2.4.2 Distribution of Responses

thfuty for:r percent (166) of tlre cities resporded. The respordents

are located ix 68 of tlre ?5 cor:nties in Ar]<ansas, anl the rnunber of

respondents per cor:nty is slrown i:: Fig. 2.L.

2.5 Swnary of Ccmurents

Selested sanples of tlre ccrrments concernirg bridges constrtrsted fi:cru

railroad cars are:

L Itm very pleased wittt thern.
Strrcrrger t}an wooden bridges
Tpss e)qEnsive than conrete bridges
Less cnrs:al1 maiatenance
I fird r:aihrcad flat ca::s fast ard ctreap for less t:aveled road.s.
Yotr can bnild a 90 ft. bridge in tho treeks. Itts fast ard rudt
deaper.
I belierre ttrer.e is a place for them on o:nty road.s. The econcrqr
of this is ttre determini:rg factor.
We worrld be interested in ruattrod.s of consbrrction ard rsrsval of
of ocistirg bridges.
we try to reet state hiSruay stardards. Sirce ccunties rnst, post
deficient bridges, ttrey nn:st be constnrcted to pass irspection.
coordilation wittr AHrD I/ucurd be necessarlz to ensure riailroad car
bridges are acceptable.
Ihis is a ne[r concept to rne. I ]rtruld reed to be educated as to
prrccedure.

2.

3.
4.

E

6.

7.
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2.6 St-prplier^s

ltre judges retrrcrted t}tat 1-1 sr:pplier^s were pr:cn/idiJq car.s. Arlcansas

Reclanation Co. was referzed tD L7 tinps" Ottrer sources rentioned were:

a. Canden, AR
b. R&S Stee1
c. North Little Rock
d. Rocl< Is1ard R.R.
e. Iafevers
f . Texarl<arn
g. Gray Srpp1y Co. - Norttt Little Rocl<
h. Jack Sipes (salvage)
i. Norttr Side Steel - Jonesboro
j. Weyerhauser

L9



G{APTB, 3

ETELD \rISITS

3.1 Intrrcdu.ction

Raibrcad car bridges in Fr[ton, Tzarfl, Irdryerdence, T-e-,, Clenrelard

ard HcrE, Sprirqs ccr:nties were visited. Su:r/qf rcsu-Its irdicate that 43

percent of tlre r:aj-L:oad car bridges are located iJt tlrese ccn:nties.

F\rlton, fzard ard Irdependence ccunties a:re in the Norttr Cent::al r:egion of

the state, or the Ozark l,hrntains. I-ee Ccnrnty is jn the Delta or flat

negiur along tlre llissi-ssippi River. Hot Sprirgs ard Clenrelard Co:nties

are in tlre Scutlrern Centra1 region ffiiere tet=ain is a nixtu:re of lcrr hllls

ard flatlards. Field visits rerrealed that eadr corrty has its cnm rethod

of bridge constnrsEiqr wtrictr varied widely fircm co-nrt1r to co:rrty. field

visits rrerc Umited to the bridge locatims irspectea b'y AIIID irr L985.

2 Oz.ark Regicr

A tcrEal of seven bridges rere visited h t}re ozark Region. Ihis

represented 4L perrcene of &rtal bri@s reported in tfds regicn.

3.2.L F\rlton Ccunty

Ihe rai1road car bridge in F\rlton Ccnrn'Ey uas a sirgle boc car cast in

corsJ€te atrrtrents (Fig. 3.1 ard 3.2). Ttre car's sEeel floor vas used as

the bri@ ded<. Ihe najor stnrbrral damage not€d was that se of the

ofterior sills or strirgers uas trrJ<led.

3.2.2 Izard Ocrnrty

Five bridqes bere insee*ea in Izart Ccrrtty. Fcur of tha rrere

sirgle ryan ard qre had tro spans. Fcur bridges rere ttp ca::s wide, ard

3
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Fig. 3.1 Rail road Box Car Bridge

Fi g . 3.2 Steel Bri dge Deck
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the other was one car wide; all were placed on top of concnete

abugnents. Orre abuEnent was darnaged, therefore, it had been reinforced by

placirg s'Eeel bealr6 at the ab'.ftnent to stryort tlre cars (Fiq. 3.3).

Ttre r-ai-h"oad ca::s had stel floors vhich were used as tlre bridge

decks. An e:<anirurtion of tlre decl<s rqrealed little or no probleurs wit}I

s-pportirg tlre vehicle loads nor brreals in tne welds betlrcen tlre deck ard

-tlre car fizre. In all cases tlre bridges we!€ constructed frcm box caLs.

One bridge lras a replacanen;t for a lcnrr water orcssirg (Fig. 3.4) .,

which resulted in a two span bridge. ttre centra] ard orterior sil1s i./ere

notchred at the abutnrent (Fig. 3.5). A close cbsewation revealed tlat the

si1ls slrear strergth ruas greatly redr.rced, but tlre strirgas between the

sills were restirq on the abuErcnt.

Iuost of ttre stnrctr:::al damage noted uas tiJrLit€d to tlre exEerior

sills. In nrany cases tlrey were bllclcled (F'iq. 3.5).

3.2.3 Irdeperdence County

One bridge was visitect in lrdeperdence County. It was two cars wide

and consbr-rcted frcnr box ca^us, wittr a q)acer between tlre cars (Fig. 3.7).

Agair, ttre octerior sills were bucl<led. Abutznents were designed to

sgpport. the bolster tfiere ttre trucks wene attached to ca::s (Fig. 3.8).

ltris design result€d il tlre nalcirrrJn strear t::ansfer at the abutnent ard

prevented ttre car fi:on slidirg off ttre abuftEnt. Ihe bridge deck

corrsisted of a concrete slab being placed cnrer tlre car's steel floor.

3.3 lee Cotrrrty

Itre Cor,rnty Judge repo*ed tlat 27 r'ailroad car bridges were in place

i:r I€e county. Field visits were made to 12 (442) of t.tle bridges. Ei$tt

22



Fig. 3.3 Reinforced Abutment

F'ig . 3 .4 Two Span Bri dge
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Fig. 3.5 Notched Sills

Fig.3.6 Buckeled Side S'ills
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F'ig. 3.7 Center Spacer

Fig. 3.8 Bolster Supported by Abutment

q
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of the twelve were const:r:cted frcstt box cars (rig. 3.9). In each case,

the carts steel floor was used aS the roadrray. It was noted, hcnrever,

that i:: a fets cases some of the welds between tlre flat car decl< ard the

franre had broken.

AI1 12 bridge-s were two ca::s wide. a ptoblem was noted vhsr two flat

calrs were placed side by side (Fig. 3.Lo). Dre to nranner of constnrct'ion

of some flat cars, a 9aP was left in ttre bri@e deck'

ftre abutnents r:anged fi:on hearryr concr:ete bearc (rig. 3.1L) to the car

beirq placed. directly on tlre gr"ourd (Fig. 3.L2). I'ltren the ca::s were not

sr:ppor{ed by an abutnent, a p:rcb}enr in maintainiry a level bridge decl< was

noted (Fig. 3.13)

3.4 South central Region

Eight bridge.s were visited iJl clevelard ard Hot sprirgs @r:nties,

representirq 29 perc€nt of tlre bridges reported hY jr:dges ix these

cor:nties.

3.4.1 Clevelard CountY

Four bridges were inspectea in clevelard @unty. T\,'ro were

corrstnrcted fnom box ca::s ard tt'Io frcnr gordola ca::s' In each case, the

carrs floor was ccnrered wittr a rninimm of four inches of gir:avel. With the

deck ccnrered by gir.avel, it was difficrrlt to deEcA ilfien the bridge was

beirq crossed. Both timber ard earth abutznents were i.11 r:se. The ca::s

were gena:a1}y sr:pported by an ear{h abutment three feet lorg.

3.4.2 Hot SPrirgs Countlr

For:r bridges were iJlspe*ea in Hot spri:rgs county. AlI were well

26
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Fjg.3.9 Flat Car Bridge

F'i9.3.10 Flat Car Bridge Deck
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Fig. 3.1i Concrete Beam Abutment

Fig. 3.12 Earth Abutment
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constmsEed, fncxn box ca::s - tr.Jro cars wide, ard had consrete abutnents.

Brj-dge decks consisted of asphalt trnvenent over ttre steel floor. SLppoft.

colurms had been placed between ttre tcp of tlre atnfinent ard the car to

nelp U:ansnit tlre load to tlre alnrtnent. In one case, a bridge was

constrtrcted by placirq two ca::s side by side, ard it was reinforced with

two i:nterior steel beam piers r:rxierneattr ttre bridge. ltris resulted in a

tlree span bridge constructed frcrn continucnrs beams.

.5 Car lnmbers

A total of 27 bridges were visited drrirq tlre field trips. This

represerrted L6 percent of all tlre r:aih"oad car bridges in tlre state. Ihe

27 bridges r.aere consEnrcted fron 52 r.aihoad cars. Of these, 4L were box

cafls, ei$tt flat cars, ard three gordola caLS. Car nunbers were fcurd on

all of tlre flat cEuis, on njrte of t}le 4L box ceLt s, ard on none of tlre

gordola cal:s. A listj-rq of tlre car nunber:s is presented in table:.t.

Fig. 3.13 Settlement at Abutment

3
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Table 3.L Car lfimrlcel:s

Box Cars
w L1:9252
w 2537L7
trP 388047

NP 2158
Nrfl( L330
NIED( ].325
Nrff L074

@Q 47474
cts6Q 494r-2 NAD( 703

IBF:( 711-
NAr:( 220Sorthern 556075

Scnrthern 550581

c&EI 57079

3.5 Age of Car:s

i In a fetl cases the dat€ of rnamrfacfi::e las printed on the r:aiLoad

.- car. fhe follcrirg dats re:e cbsenred duriry tXe field visits: 6-57,

. 1-959, 3-65t 4-67, 4-74 art 7-L9-79.

Flat Ca::s
ftx 600345
Ttx 755L25
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C]{APTER 4

A},IRTCAIV A.SSOCIAMON OF RATIXOAE

SIANDARE'A}ID RECCN{MEbIDED PRACTTCES

1 Introduction

fhe American Association of Raih.oads (AAR) develo@ thre

Specifications for Design, Fabrication ard Constnrction of Frei*It Cars on

Septeurber L, L964. kior to L964 each r:ailrrcad had its ouin stardard for

design. ftre starda:rCs specify design loads, draft ard ccnpression axial

loads on the cat:s, loadhg corditions, reccnunerded stress, analysis

proced:res and a1lc[^,able rnaterial stresses

2 Design bads and Stresses

Ttre AAR l4anual of Stardards states tlat 'rEadr remlcer in the car

structure shall be irnre.stigated for its urost critical loadirg cordition.

Such critical loadilg corditions.rnay resrrlt frun 1oad.s applied sirrgly or

in combination prorided strch combination can ratiornlly occur'r (5).

The loads considered a:re vertical live load or load irduced by the

goods r.ftich ilre car is b:ansportirg, dead load or weight of ttre selected

car membel's, dllafE load or tension load iJduced on car lhen tJtain is

acceler^atirg, conpressive end load or load irdrced vrtren the train is

decelaati-ng, ard fork lift tr:ucJ< load or r,,heeI weights of a loaded fork

lift tnlck.

The combirration of loads to be considered in -tlre design is as

follot"rs:

rrFor all corditions of vertical }ive load, dead load ard draft load

applied sirqly or jn combination, tlre load factor for each shall be

A
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4.2

l-.8 and tlre al-Ioqiable design stress sl:all be ttre yield or 802 of

uLtirat€, vtrrictrever is lourer, or the critical bud<Ij-ng stress.

For all sritical corditions resu1tirg frqn vertical live ard dead

load.s in combination wittr fork lift trucl<, tractor for loadirg

trailers or ccmpressive erd loads, for roof loads, jadcirq loads ard

vertical loads on tlre coupler, the load facbr-s applied to eactr load

sha1I be L.O ard ttre allcnable design stress sfiall be the yield or 80?

of ulti:nate, wtridrever is lonrer, or the critical bucklirq stress.

For all critical corditions resultirq fr.cnr vertical live ard dead

loads in combination with fupact loads, ttre load factor for t}le

vertical load or forces restrlting f::csn vertj"cal accelo:ation irduced

by horizontal furpact, force ard the load factor applied to the furpact,

Ioad shall be l-.0 ard sudr loadirg nay develop ttre tfltfuiate load

carryinq capacity of tlre Irember beirq irvestigatedtt (5).

1 Design Irads

The value of draft and conpressive erd loads are given in talle a.r.

Tab1e 4.L D:aft ard Ccnpressive Erd Loads

L964 L987

Draft bad (1b) 300,000 350,000

Conpnessive Exd toad (1b) 800,000 1,000,000

Ttre vertica'l live load is a fr:ncAion of tlre carrs desigrn capaciQr

opressed in tons. Ttre ccnrunon design capacities ard djnensions for tlre

various ca::s j-s given in Tbble 4.2.

32



Table 4.2 Design capacity ard Dimensions

Weight C1ass Design Weight, Ierrrth VintageCar Tlnce

Box

Gondola

Flat

50
70

L00
50-1 00
50-100
50-L00

144, 000 Ib. *
204,000 lb.
242,0OO lb.

Auto Parts**
Auto Parts

50 & 60 ft.

52 or 65 fE.

Tons
Tons
Tons
Tons
Tons
Tons

40 fE.
50 ft.
50 ft,.

60 ft.
86 ft.

85 ft.
89 ft.

1,945-L960
L95O-H:esent
L97O-H:esent

Iate 70rs
Iate 70rs

1957-1961
l-962-kesent

50-100 Tons

50-100 Tons
50-100 Tons

4.2

*Design load of car mi:rr:s weight of tn:d<
or live load plus dead weight

**Design for light duty

.2 Design Stress

Ttre design stresses or allcruable stresses for various gr::ades of

steel is presented in appendix B. The AAR llarual of Stardards ard

Reccnmerd.ed Practice specifies ttre various g::ades of steel for different

pafts of tIe calrs. They are as follcns:

Carlcon Steel Plates, Shapes Ard Bars

Stnrctu::al Stee1, Plates, Shapes ard bars, A$IM A35
Stn:cfur^al Steel, Shapes ard Balrs for l-occnrotives ard Cat:s,

A.STM A283, Grades B ard D
Struch:::a1 Steel Plates, ASIM A283, Gr:ades A, B, C ard D
Hot Ro1led CarJcon Steel Bars, l,Ierchant Quality, A9IM A575
Hot Rolled Caricon Steel BarE, Special Quality, ASIM A576
Shapes, Plates ard Bar:s, corpition of r/\tridr corregpords to

the AISI stardard gaades of calJcon steel.

Hrctn corniersations with ergileer^s associated wittr ttre design ard

constnrction of freight catis, ttre follcmirg infonnation was learned

about the gr:ade of steel used in tie car fi:anes.
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Box Car - Center SiII - Standarrt Constrtrction
kior to 1960 - ASIM A7 - Grade 33
Post 1960 - A36 - Grade 36
Ro1led Shapes - ^L36
Z Shape - A572 - Grade 42

Box Car - Center Sil1 - Slidirrg SiIl Constn:ction
A44l- Grade 50

Flar car - .-r#3?rl Grade 5o

A44L P1ate

4.2.3 Fork Lift TYuck l-oads

the floor of ttre box car rtras design:ed to hold a flflIy loaded fork

lift truck. Ttre fork lifL specifications are:

trGeneral. Senrice ca::s strall be designed for front axle

loads of 25,000 pourds, or a \rheel load of l-2r500 pcurds.

The treads of t}te tnrd< viheels shall be assumed to be on 35

inch centers and the tire priat to be LI-VZ x 8.72 inctr

width of tire.
HeaW duty sarrice ca::s sha11 be designed for f:rcnt axle

loads of 50,000 pourds, or a viheel load of 251000 pourds.

ftre treads of tlre truck stnll be assuned to be on 32 inch

centers ard ttre tire print to be L3-L/2 x 5.325 inches wittt

l-6 incfi width of tirer' (5).

3 Load Distrilartions

Design procedures reccrmnerd,ed by AAR desei-be senrs:al live load

loadirg corditions for box ard flat cars (6). Ihese loadirq corditions

will prodr.rce the hi$re-st berdirq ard strear stresses in $te fi:alre ard are

presented in Apperdix C.

fhe fork lift tn-rck loadirg corditions generally result in tlre

berdiry ard shrear stresses lrfddl are used to design the car floor,

4
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strirqers, orossties ard srcsbearers. the locations of tlrese msnbers are

presented in Fig. 4.1. Reccnurerded location of tlre tJ:uck loadirgs is

presented in apperdix C.

Flmrirg for gordola cars is desigred for a r:niformly distriiruted

load equal tD 87 percent of the live load distriJr-rtion cnrer tlre fi.il1 width

of tlre car ard c /er a lergth of 18 ft. at the center of the car.

4.4 Desigr of Specific llernbers

Ttre follcriirq loadirgs ard sr4port corditions a::e reccnuerded by aan

for the designr of ccnponents of the fi:ane. Iocation of the coponents in

plan vier is presented in Fig. +.2.
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Fig. 4.1 Frame Members
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4.4

4.4.2

1 Floor Strirqers

Vlhen floor strirgo:s are contjrruor:s between bolsters tlrey are

considered to be r:niformly loaded. For concentrated loads, the

critically loaded span may be considered as 50 pereent resE:ained at tlre

erds of ttre loaded span. When stringers are applied in sections betTareert

srloss uenrbers tlrey are considered to be sinple-supported beams unless

tire constnrction is such as to pranride contirnriQz c,ver two or IIDre

spans.

Box car floor strirgers are designed for dead load combined witlt

Iift tnrck vtreel loads whicfi a:e located to obtain critical loadirgs.

Strirgers are also desigrned for dead load ard a r.miformly distributed

live load combined with t}te sritical end load.

General senrice flat cars floor stringers are design:ed for dead

load ccrnbined with lift tJ:ud( wfieel loads. Additional loads consider.ed

for desigrn are a r:niformly distrj-buted live load, dead load ard t}re

critical erd load.

Gordola ca.r:s floor strirgers are designed for dead load ard a

uniformly distributed live load. AIso, ttre stri:rge:s are also designed

for thre dead Ioad, uniformly distributed live load ard critical erd

Ioad.

frossties

Ctossties are considered as beams si:rp1e-spported at the center

ard side sills. Box ard flat ca::s crossties are deslgn:ed for the dead

load ccunbined with ttre lift tJrud< Ioad.s. AIso, they are desigared for

dead load ard critical live load codcfured with ver{ica1 acceleration

fonces irduced by ttre horj.zontal fupact load.
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4.4 .3

C,ondola cars are generally designed with or without strirgers

between the si1ls. For ca::s with strirgers between tkre center sil1 ard

side si11s, the srosstie loads are considered as concerrtrated loadS fron

tlre strirqer reactions fr.om the dead load ard live loads. For cars

without strirgers between tlre center siIl ard side si11s, tlre qrcsstie

Ioad shall be consj-dered as a uniformly distributed load ard may be

conputed by tlre panel area method fr.om tlre dead load ard tJ:e live load

distribution.

Gossbearers

frossbears:s for box ard gondola cars a:re designred as si:rp1e beams

supported at side siIls. Q:ossbearers for flat cars are designed on the

basis of eqr:aI deflection of ttre lorgitudinal load<arryirq lrernbers

(center siII ard side siLls) of tlre car (ie; tlre anpr:nt of load ca:=ied

by each beirq proportioral to tlreir respecEive rxunents of inertia.. ) The

crossbarer for flat cars IrBy be considered as a sinple bean or a

cantilever beam as specified for ttre particrrlar loadirq jrdicated.

Irads considered for tfie design of crrcssbearers for box caJ:s are

ttre reastions obtained fr.om the center siII ard floor strirgers frun the

dead load and thre sritical r:niformly distributed live load cord.itions.

Also, reactions from the center siIl ard floor strirgers frrom the dead

load combined with ttre applicable lift tr:uck $lheel loads sftould be

considered. Ttre centerli:re of tlre lift tl:ucl< axles shtould be on

centerline of srossbearer as to obtain eitical loadirq.

In design, the qrcssbearer is considered as a beam or tJ.tlss sutply

supporf,ed at side sills with a concenbated load at center eqtral to 75

percent of load liJrLit multiplied by tlre percentage of load ca:ried by

37



4.4 -4

both side sills. Also, the srrcssbearer is considered as a carrtilever

beam or tn:ss fixed at the center siII ard loaded with a concentrated

load on eachr side sill equal to 75 percent of the load li:nit nnrltiplied

by one-haLf the percentage of the load carried b,y the center sill.
Ttre srossbearer is corrsidered as a cantilesrer beam or t:r:ss fixed

at ttre center silI ard loaded with a concenb:ated load on eadr side siIl
equal to 75 percent of ttre load lirnit rn:ltiplied b'y L/2 the percentaqe

of tlre load carried by the center siLl.

The crossbearer for flat ca::s in b:ailer or auto rack sera/ice are

designed for the trailer tJransport car load descriSed iJr Apperdjx B.

the standa:rds also prcnride contailer loads for container flat cal:s.

Itre crossbearer for the gordola car is de.signred for the dead load

ard the reactions fnom a load applied on bearirg piece across flrl1 width

of car r,trich is equal to 75 perrent of ttre load Umit. AIso, the

srossharer is designed for the loadinq prrcduced by ttre critical latet:al

for:ce produced by the bulk naterial. Stresses i-rduced by these loadirgs

are to be combined with stresses jrduced by the vertical loads.

Iastly, the crossbearer is designed for tlre abore loads corrbined wittr

verf.ical acceleration forces irdtrced by tlre horizontal fupact Ioad.

Center Si11 - Conventioral Urderfi:are

In box ard gordola car designr, ttre center siII is considered as a

contjauor:.s beam supported at erds of car, bolsters ard q:ossbearers.

They are designed for 1-) dead load ard critical live load combi-ned wittr

the draft load, ard 2) dead load ard eitical live load ccrnbined witl
sritical end Ioad.

After ttre berdirg munents have been detennined, ttre cqrbined unit
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tensile and conpressive stresses at any section of the center is

deternined by:

o =P/A+WS
qfiere:

P = I,Ia<imr.un end load

A = Area of section

M = Combined berdirq rrclnents

S = Section npdu1t:s

In flat car desigur, tJle center si1I ard side si1ls are desigared for

t}le load requirements descrj-bed jn Section 4.2 ard may be considered as

beams with orerhangi-rq erds supporfed at tlre bolstss. Berxiirg rcIrcnts

induced by vertical loads nay b distrila-rted to tlre center sil1 ard side

sills. on the basis of equal deflection. Between tlre bolsta:s the

bendirq moments induced by tfie eccentric application of end load to tlre

center si11 rnay be distributed to tlre center si11 ard side si1ls on the

basis of equaI deflection. In front of bolster tie berdirq rpment

induced by thre eccentric application of the erd load rnay be considered

as beinq resisted by the center siII on1y.

The follcn^ring formula is r:sed for the detennination of stresses

induced in center ard side sil1s by ttre ccrqlressive erd load.

o = P/A" + b/s (center sill in f:pnt of bolster)

o = P/A + PelS (Vrr)
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!,ihere:

P_

tl-

A=c
$=

e=

m

r

@npressive erd load

Combixed area of center ard side sills in poztion

between bolsters.

Area of center siI1 ir front of bolsters.

Secaion mcdu,h:s of menrber r:rder consider:ation.

EccentriciQr of P with respect to center of gr:avity

of center siII.
l,loment of i::reltia of rrsnber urder consideration.

Sr.;rn of uroments of inertia of center ard side sills

in portion between bolsters.

The total ccmbined tensile ard ccmpr.essive stresses are conputed bV

cdnbinirq ttrese with tlre stresses irduced by vertical load.s.

4.4.5 Slidhg e.enter Si1I - C\rsfiion Urder Car Ftalre

The slidirg center siI1 is designed for ttte enti:e ccnpressive ard

Ioad applied at the rear dr.afE, lugs at eactr erd of car. the restrairrts

nrust be adequate to prevent bucl<Iirg irr any direction.

In box and gondola car design tlre fixed center siI1 is considered

as contjluor:s beartLs srpported at ends of car, bolsters ard orossbearers,

ard are designed for tJ:e follcwirq loads:

Dead load and critical live load

Insrenrent of tlre inpact, load p1r:s dead load ard eitica1 live load
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crAgrR 5

LIMIIIED RATLROAD CAR ARCI{NIE

5.1 Introduction

A limited railrrcad car archlve was deiveloped frcm tlre infornation

obtained from tlre r-ailroads. ttre Unj-on Pacific Raihrcad, B:rlirgton
Northern Railroad, Norfolk Soutfiern Raihoad, $:ailer Thin ard Gener-al

Electrj-c Railcar Senrice Corpor:ation were contasEed in order to obtain

structu::aI infornation related to tlre r:ailnoad ca::s identified dtrrirg tne

field visits. As a result of the contacts, drawirgs for sjx box car= were

obtained; two each from the Norfolk Southern Railroad, B:rlirgton Notthern

Rail-rcad and union Pacific Railroad. Ttris inforrnation was r:sed to dexrelop

thre llnited archive.

5.2 Archive Fornrat

Ttre infonrntion pr.orided by tlre r:ailrcad.s was revienred arrl organized

into a linited ar.ctrive. A srlnnar1z of ttre jnforrnation obtained is
presented in apperdlx D. The d:lawirqs r/rere reviewed for strr.rctu::a1

infonnation suctt as mernber sSncirgs, ard dinensions on strirger^s,

srossties, crossharers, side silrs arxl center sil1s.

The i.:rfonnation was orrganized into tIe follcnrirg forrnat: (l)
Identification Page - Identifies thre raiIrrcad, car nrnnbr, bridge nrnnber

ard county vfiere the bridge is located. (z) rayout page A quarter

section of the frarne, sfrc[^ri-rq crosstie, czossbearer, bolster ard strirqer
spacirgs, is presented. A1so, car length cnrer end sil1s, truck spacirq

ard width of car cnrer side sills is presented. (3) A page presentirg

drawirgs of the crossbearer ard qrcsstie as obtained fncm tlre
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railroad drawirgs. (4) An ill:sb:ation of stringer sizes, side si1I ard

center siII dr:awirqs arrd d.inensions is presented as obtaixed fron r:ailroad

car drawi:rgs.

5.3 Infonnation Detail

Inforrnation prcvided by B:rlington Northern ard Norfolk Southern

Railroads were conplete enough to perform a stnrctu::al analysis of the

frame. The only o<ception was the c,rcssbearer inforrnation prorided by the

Norfolk Scnrtlrern. Hcruever, rro detail i:rforrnation was obtained on the

dec:<irq. Ttre Norfolk Soutlrern Raih"oad d'id proride a set' of stnrctu::al

specifications. A sr.urunary of tlre strtrctr:::a1 specifications is incltded

in appendix O.

Information prwided by Union Pacific was irccnplete- Spacirxg of

nreurber^s coul-d be obtajned along wittr shapes of tlre various stn:ctul'al

n*mbers. Ve11/ Umited d.i:rensions were cbtained fr.cnr ttre drawirgs prctride

for tlre srossties, crossharers, side sills ard center si}ls. Size of one

stringer was prcnrided. Hourever, a set of specifications \'ras prc /ided for

Car }Ir.unber #2537L7 vftich d.id dessri-be ttre strrrcfr:::al neunbers. A s-umnar1l

of specifications is hcluded i-rr epperdix O'

5.4 Conparison to AIIID hta

T5e railroad d::awirgs were ccnpared to tlre bridge inspect'ion fonns

prcnrided by Arlcansas Stat€ Hi*rvl"ay ard Eansportation Deparf:nent' Eidge

Division to determine similarities or d.iffer"ences betlseen tlre data sets'

Conparisons were cordtrcted for for-r bridges'

5.4.L Bridge llunber L99L2, Izard County

Stringer spacilgs varied withjn one i:rctr of ttrose reported on U
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two sets of drawirrgs. Spaci:tg of srossties ard qrcssbearers were

relrcrted to be 4'-10 1,/2tt on tlre r:aihrcad d::awings ard 3r- 91r from field

mea.sureJrents. S,zeral1, ttrere was a good cqparison between ttre two sets

of d::awings.

5.4.2. Bridge Nuunber 19908, Iza:d County

Stri:rger spacirlg was not similar on the tlrp d::awings, 
.for 

there were

over two inches difference in the reported spaci:rgs. C?osstie ard

crossbearer spacirq differed by one fmt. It appears that the d::awirq

provided by the railroad does not agree with tlre field inspection.

5.4.3 Bridge Nunber 1-:99L0, fzard County

Stringer spaci-ngs were sjmilar on tlre two d::awirqs. ftrey agreed

withrin one j.:rch. Ctossbearer ard c:rosstie spacing also agreed within one

incfr. O/era11 there was. a good cqparison between the two set-s of

dr^awirqs.

5.4.4 Bridge l.n-mber 20428, I-ee County'

Strirger spacirgs e.ould not be corgarea due to the q:ality of the

field d::awirqs. frossbearer ard cnosstie spacings were off by four

inclres. Hcrrarever, ttre distance between srossbeareus were the saIIE, ard

dimensions of the side siIls were close. Ihere was a reasornble

conparison between tlre d::awilgs occept for c:osstie ard crrcssbearer

strncings.

It slrould be noted tlrat tlrere were two Norfolk Southern ::aih"oad cars

which nrade r.rp ttre bridge. Ttre field d::awirq provided did agree closely

with one car but not the other.
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CIIAHTM. 5

IIAD RAIING PROGRAM

5.1 Inbrcduction

A load ratirq prcga:an rras denrelcped which wculd predict, the load

ratirg for irdividual r'ajl-rrcad cars. the load ratirq schsre consists of

perforrnirq a finite elerrEnt arnlysis of ttre raif:rcad car frane loaded with

unit irventoqg vetricles, cperatirq veh-icles, ard car dead loads. Itre

sclrerre vrculd deterrnine the load r:atirg for eadr tlpe of vehicle by 1)

e'l crrlatirEr tlre factor.ed nrcnrent capacity of eadr stn-rctt:::a.]- nsnber in 
-the

bridge, 2) srbt::actirg tlre factored dead load uuent, ard 3) dividirq hy

tlre factored r:arit live load mnent prodr:ced tV eacfr cLass of vehj-cle. the

r:nit live load urcsent rras adrieved tlf rcde1iry a 2roo0 pcurd r:nit ve]ricle

representirq each class of irventory ard operatirg vehicles.

Ihe load r:atirq pl€gr:arn geraated the firaite elsEnt files reeded to

perform the arnlysis. fhis rrls actrieved by rrriti-ng sofErra:re wtdch

gerer:afat the re$dred-files w:ith ninimm irgrrE. ltte irst consisted of

the rnuber, qncirg ard type of res bearc, ard nrxrlcer ard spacirg of

sErirgers alug wittr ttle sectimal ainprrsiiqrs for each sbrrctural rernber.

The prrcgran calcrrlates the rpde i:dices based ql the stardard georetrlr of

tlre rail:oad car, the sectional properties, peitian of ttre turit vetricles

arn col=erycnirg rnde poirrt loads ard nrites t}te reqlria€d finite €lsrEnt

file. It can hardle bco< car frarc ritlr statia:ary ard slidirg center

sills ard flat car fraes with corstant qLGs secticrt or t:r:ssed fIrcr

beans.
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Anottrer parf of the software reads tlre results of the finite element

analysis, or ttre output fj-Ies, for eactr r:nit vetricle ard dead load ard.

caLcrrlates tlre load ::atirg. It finst ccmputes tlre uaxim-un factored

nrunent eactr sbructl:::aI nember cculd resist, subtracts tlre cor'::espord.irg

factored dead load rrarents ard calculates tlre load ratirq by dividi:rg by

tlre nrrnents produced by tlre factored r:nit vetricle. fttus, a load ratin! is

produced for eactr stnrctu::aI rcmber in 
-tlre 

car.

In onder to nake nrcdifications to e>dstirg firite elerent files,

special sofEware was danelcped. this sofLr*are world calculate tlre nei/

sectiornl pr:operties of deteriorated nembers, apply tlrese new prrcperties

to specified elerents in tlre fjnite eleuent fi.le, ard add stpporfs. This

the nrcdelfuq of deteriorated mernbers ant clrarges h the

corditions of nrsnber over ti:re.

6.2 FIat Car Plrcgrcam

the flat car progrlm was denrelcped arcurd tne stardard gecnetqr of

the flat cErr. Its gerffi.I gecs'atrT qrsists of a cent:aI bo>< beam or

center sill rrfrich tras a reductiqr in heigtrt at t}le erds of the car ltrere

ttre n:runirry gear is attadred. Ihe gretry also consists of slrcss beans

runrdry betueen the bor( bean ard side sills (bearLs alorg tbe o.rtside edge

of tlre car). Ihe crrcss beams a:re eitler L) a constant cross-section beam,

2') a taperirg cross-s€ctiql beam, or 3) a trussi or cststant crrcss-section

bean rcilforced hryr a diagqral runnifl, fr€n tne erd of tlre gtrcss bean to

the base of the oentral bol( bean. fterc are three foms of <rrcss beams

alternatirg alcg tIre lergth of tlre frare. Ihe fir.st i. the bolSter. It

i.s a li$rt bo:< sectiqr leated afly rn:ere the trudcs a:ce attached to the

car frare. Ihe secsd ard third types are tlre floor beam ard crrcss tie.
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Ttre floor bearn is tlre sErorger of tlre tr{ro aflt tras one of tlre follcrirq

sFrapes: 1) constant crrcss section, 2l a tapered crcss section, or 3) i

trr:ssed shape. The c:rcss tie is the li$ltest clrcss bearn. It generally

has a constant cres LecEion. The last stnrcfur::al nsnber is tlre

strirger. It runs panaIlel" between tlre side ard center siJ.ls ard t}re

frzre r:suaIly consists of one to tnree of ttrese beams per side.

6.2.L FIat Car F.irltte ELsEnt Configuratios

Ihe finite elarcrrt curfiryratior for tle flat car fi:ane consists of

tlre foUcffirg format. Ihe cerrEer silI, side si1ls, artl strirgers are each

divided iJrto eq,a] mnrber of elmrts. Ihe e.lorttent lergEh is defiled as

tne disEarrce betlreen tne points of irrtersecEiqr of ttp'conseortive cross-

bearc. ltrerefore, t}le nr.mlcer of eleurents that fort ttrese stnrctr:ral

mders is eq'-t to qe lass tian the rnmber of cres beams ircludirg tfie

tlp errt beare. Ihe crrcss beams el.mr:ts are defined lrit tlte intersectit

points of tlre cres bean wittr tlre oerrter sj-ll, strirgers, or side siI1.

Tlrerefore, if tiele rcre tlp strirqelis cn eadr side of the iEr, the crrcss

bean will be divided irEo thr.€e elmrts per side. Ir order to maintain

the width of the car, the cerrter si[I ms deled as tllo beams connected

@etlrer at tlre floor beams. Ihe di.starre bettreen the beare is defired as

the widttr of tlre center sill bo:< secfior. Ihe sectionl pnoperties of

eactr bean is defiJrcd as qre, *ralf of tlre sectioral plrcperties of the cerfter

si1I bo>( sectiqrs. $ryorEs ale a&1ed at eadr erd of the de1, anl

cqrsist of a t€rFirdt treaqg stee.l bean attadred to tlte side ard center

sills. At qe erd of the car, the sryports are fi:<ed wit}r respect to the

three a>ds ard at the c,Eher erd the rcde.I is fi-e to rcve alog tne lorg

axis. IfELe auc rD rndnent restraints.
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Ttre wo::st case uas assmed, so tlre stiffness of tlre deck on ttre car franre

was neglected. It was felt that cnrer tine the deck cculd sepa::ate at enough

locations so tlrat the stiffenirq effect. would be greatly reduced.

5.3 Box Car Pr"ogl:an

The box car prcgr.am is based on tlre stardard gecnetrT of tlre box car

frane, stationarlr center si1I ard slidirg center silI. fhe statiornry

center siII f::arre gecnretrlr consists of a hat shaped center si11 ard side

sills corsEructed fi:cm ctrarrels or Z slral=s, witlr strirqe:s of usr:a11y I
or Z stra1res. GeneraJ.ly the frane consists of one to tiree strirqos per

side. The qrGS bearLs consist of eitlrer a floor -beam, cross ti.e, or

bolsEer. the a:r:-arqeuert of orcss beams is qgruretric wit}t respect to the

certer of t}te fi:are.

Ihe slidirq cerrter si1l fi:aue has a geclrEtr? sjmilar to ttre

statiorary centcr sill fi:arre uith the follcndrg eccepticr. Ihe hat stnped

center sill slides f:-eIy with respect, to tne lergth of tlre frane between

trc hear4g dnnre.ls wtridr a:re cqrnected to ttre cGS beans. The drannels

ate usually umected @et}ter at t}te floor beans by an argle section.

Ifds sectim is located rrl:rder arn perperniorfar to the slidirg si1I. Itre

effect, of the slidirg center sill actirg as a beam i:r bendirq uas

neglect€d in the arnlysis. Ihe dranrels are considered as the center

si1l.

6.3.1 Bo( Car Finite E[Fynent Curfignraticr

Ble firdte elerrcnt ccrfiglratior cmsists of the follcnrirg forrnat.

Ihe center siJ.l, side siIls, ard strirgers are eadr divided irrto equal

tldcers of e.lenents. The elmrts length is defirEd as orehalf of tfre
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disEare befueen poirrEs of the irrtersectian of trrc cmseortive GS

bearr<. lltsefore, bp el.'rprrts of equal le!:gth defiJE ttge bearc betrcel

tlre czcs bearc. The res bem elryrts are defined hy tJte poirrts of

irrtersecticn of tlre qrcs bem with the oenter si].l, strirye!.s, or side

sills. Again, tlte stiffenirg effect of tlre deck was neglected as in the

flat car case arrl the s4trprt, ocrditicns are the s.rre as prescibed for

ttte flat car.

6.4 Eta Eltalf

Eata errtqf is based qr the infomtiqr that rdrld be &tajned fim ttle

field inryecEiict of tlre bri@. It qrsists of the spacirg of ttte crcss

bears anf sEirgers ard tlre pfrlFical diursire of tlre cerrter siI1s, side

sj-lls, striryers, flor beare, bolsEeus, ard qrcs ties. fte prc9Ian

pelmits qlacirg to be errEel€d in fee,t or feet, ard irr*tes

the

L.

2.

3.

4.

5.

5.

7.

8.

data rcgufured is as fol[*ts:

lfr.der of res beac irrcIdiry erd bec.
!fi.der of strirryers pr side of car

Di.stare beieeen qro66 bearc ard type of res bem, that is, eitlpr a

bolster, flor bem, or clcs tie.

Distare betuEl tlre side sill ard sEir€Er.

Di.stare beilaEen strjJgers.

Di.starc betrcen strirger ard oenter sill.
Di.stare beilereen oenter siJLs.

llhe Etrysical dinerrsiqs are entered for tlre varicuE shapes of tlte

be6. Ihat is, the bearc 6rld be fotd fro argrle iJsl, bo<

socticr, ctramreI, hat shape, or' I sesiia'L llhe dinpnsicms requircd

are illustrated in figures 6.1 to 6.3.
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Fig. 6.1 Center and Side Sill Data Entry
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9. fie dFad lod intensity of tne dect<irg ard any in pords per

squar€ foc,t,.

6.5 Bo< Car ard ELat Car Hrcgnm OrSts

the progrc rctrr rr.<igrEd witJ,. a series of cpticral pri:rted cu$rts

that rufld pelmit eaqf ctEddrg of the data errtqf. the clr$rt ircltrCed:

1. Arcss beil tlrpe ard ryac5rg in irris

2. Side bearn, strirryer ard oenEer bean ryacirry.

3. llode coordinates

4. Secaimal Fcpe*,ies of tne strrrtral rneqdcer Hhidl irtcltdes crcss

fi-bers.

5. e diag:an rdriclh sbcrls a plan vis of t}te elEnprt rnders. Ihis lffir1d

pemit tlre progrer to lote rdrich e1-rEnt, prcperties need to be

dified dF to deterioratim.

Ihe pnrry generates six finite eI@rt data files. Ihe fiLes are

gerEmted in t}te format used in l.f-{Ihb ty Stnrctlra1 Aralysis, IrE. of

Arstin, T!e)ras. l.Hlbb is used to csrvert tlre files to tle fomats used ir

SAP, ISC^BSIRAI{, IGCIPAL, SIEARDIYNE, G Ali[SYS.

e separate file is genemted fon eadr tlipe of loadirg iryc€d qt the

Ihe first, q/pe is UE daa.r led of tlre strrrctEa1 @rs w"ith

the aaaa load of tlte declc ard overirgs. libxt, a file is geraated for

eadl r.urit irrrrerrtory ard cperatirg vetricles for ritridr ttre bridge is to be

rated. Se Figue 5.4 for a desaipticr of ttse tlntcls. llhe vefricles are

peiticrd qr the stnrcbre so tte oenter of gravity of the vetricle is

over t&e oenter of the q)an.
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5.6 l4odification Hrcg::an

A rrcdiflcation prrcgr=rn was trritten so that rrcdifications cotrld esily
be made to tlre files generarted by the flat ard box car prcgt:anls. Tfie

tttcdifications irclude the a.lditi.on of stryports ard c}rarges to specific

elernents in tlre stnrcttlre. Ner sryports can be added at any node in the

fi:rite element mcdeI. that is, if tlrere are i.rrterrral sr-pports i:r the

bridge, tnis prog:ain is used to place it iJr tlre finite elenrent nrcdel. ftre

sryports are added by giv:-rq t}re runber of srplrcrts ard ttte corr.espordirg

rpde location of ttre stq>orts.

Ihe eleuent pncperties can be charqed in two u'ays, irdividrn1 elenent

ent:ry or entry bry a rarge of elerents. The elerent prcperf.ies

occasionally need to be rcdified dr-re to deterior:ation of the uprnber's or

rsurtral of side si11 flarges durirg installation of tJre bridge. Once tfie

elmtt mmber is entered, the elersrtts present pnopeft,ies are

displayed. The rEU prcpe*,ies corld be detemi:red tryr:

1. Eaterirg rsr values for selected elernent pncperties,

2. Brteriry a redrctiqr factor as a perrcerfage of tlre present values,

3. Se.Iectixg the cption of re-€mteriry the djnensions for one of tlre

basic stnrclerral eleuEnt sfrapes.

Ihe relr rralues of the ela'rprrt properties are di.splayed ard ttre finite
ele,ryprrt files are rqrritten usirg ttte dified values. The prrcgn:arn also

gives the cprtian of printirq qrt the rnde peitians, elaent data ard

eleuent prcperties

6.7 Ioad Ratirq Prcgmiltr

Ihe load ratirg pllg:mn ca'lcrrlates t}te nmber of tons per ty'pe of

ve.tricle. Ihi.s i.s adrierred jr the follcnirg nElnrEE.
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L. the program r{rculd read the cu$rt genera.ted frqn the o<ecrrtion of the

sAP86 finite elsrent prcgn:arlts. the files gerra:a.ted by tle box or flat
car prcg]]ars rust be converted to tlre SAP86 fonnat ard execrrted. Ttris

generates tne required SAp.86 crrQrrt fi1es.

2. Ihe load ratirg progniarr requests t}re load factor^s for the dead load

ard live loads alorg with tlte na)fuu:rtr pemrissible sEress.

3. The p:rcgnan reads in ttre elryrt pncperties ard calculates tlre naxirun

pemissible rrcnerrE eactr stn:ctl:aI meurber can spport. Ihe rrcnent is
&tajred h,y t}re follcnlirg equation.

Y = (liIa:{. Sta€ss) * l/C Equ. 6.L

I'{hsre I is t}e nsnber rr EEnt of Irerti-a arxl C i-s t}re distarEe f::cm

nsrti:al ads to e)ftre fi-bers.

An alray i"s set rp rdridr rufld store ttre m><imm permissible usnent for
each elqent. Ihe prcg:r:an ne><t L€ads the dpad load results arrt st ctJ:act

t}le rraad lcad ncurerrt tirEs the dpad load factor fisu eactr permissi-b1e

rr:[Ent on an elsrBnt b,y element basis.

The 16ad ratirg prcgran ne<E reads the olqrut file gerrerated fisu t5e

ececrrtian of qe of tle r.u,it vetricles. On an elc'rprrt tryr elerent basis,

the progran ltrcrrld read the rrent rral:es for each eleurent, nrltiply by tfre

live load factor arrt divide into t}te orzespadirg nrrnentcr generated in
stee 4. For eartr structrral ffier, the prcgran rmt1d searctr for t]re

stallest toad ratirg or nrmrben of tms tne bridgre ccutd s-port. Ihe

progta ttten prints tlre tlrpe of ve}icle, stnrcfeual Erilcer ard

corneryandirg load 1init.

6- Ihe predtre crtlined in step 5 is repeated for eactr t14n vetricle.

4

5.
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o{AgIB. 7

INSIRUMEITHTTON

7.L Intr.oduction

A onettrirrl scale rrcde1 was constructed of a box car frane. In or:der

to s6xfy tlre betravior of the npdel, it was instn:nented wittr stu:ah gauges

(11ioro l@asurements - CEA-06-25O[I$-350). Therefore, i:rsEn:nentation was

danelcped vitdch wculd ccnplete tlre strain gauge bridge ard serd a noise

free signal to ttre data acquisition system.

fhe instg:nerrtation was desiged to be portable so it could be used

in the ctrtdoors for the field testirg parE of the study' Tfre

instnmentatig1,r ms danelcped ard tested in the laboratory unaer si:rurlated

field corditions.

A l6it5ley Systsn 570 Eata Acq"lisitiur Systeur r*as r:sed to rucnitor the

sg3:ain Flrge reaairgs. Special sofEr.rarre was designed tlat efficistt-

rsdtor€d 30 straiJt:guge sigrrals.

7.2 Sffstm Hards,are

Tfre ccngrEer sysEsa corsisted of a stardard )(tr-tyPe ccxrgrter with an

gO88 ni<rrcpressor, a mattr co-prrccesso:r, arrl tlp haaddisk drives. The

secsd disk drive was prirnarily for data storage'

the data acquisitior systa r-rsed was a IGittrley Systsn 570, ttlich has

a t-2+it D/A cornrerter ard L6 differential irqrrts or 32 sirqle-ended

iryrts. ttre Systa 570 was set lp for 32 sirgle-€rded iryts wittl a 250

dm, lt precisiqr resistor as a load for eacfi ctranrel (a rcre specific

e:planatian of t}re use of tlese resisEor:s will be with tbe strain

reasrwrrt bo:<es.1
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7 3 Strain Gauge SofEroare

Ttre sofEware was rrritten in l(eitile}r F:sis, drich was required to n:n

tlle SYstem 570. The sofErrare rvas lrrittgr in sever:aI sections:

Zels Strain e.]ibration

This section p::cnrided contintror:s nonitorirg of all sb:ajn gaug.es

reasureneniEs, rtrile displayirg ttre calculated sb:ain on tlre ccnputer

screen. Ihi.s allcxped all tie stnajn boxes to be initially set at ttre
sare no-load zerp settirg.

hta I'Easureuent ard Retriev-al Iocp

rhe data neasursrEnt consisted of readirq trre DC voltage in a

&annel (gauge #1) 75O times, storirg tne readjrgs in an arl=ty,

c^lcrrlatirTl the rean of tlre rrah:es fm arr:ay positions 35L to 450,

ard storirg that rrarr:e into anottrer array. tre prrcg::am ttren roope6

bad< ard read gauge #2 ard repeated tlre prccess until all tlre guages

lEre read. ltultidirensional arrErys were us€d so all gauge values

ccrJ-Id be stored jn tne s€rrre Ern=ry

hta Storage ard kint
GEe tbe prfuary array (the an=ry witfi tlre r=Frl values) was

ford, the prog:am corverted the rc voltages to ca'rcrrlated sb:ains.

As eactr rralue was corwerted, the rcsu-Its r.lere placed into a xruJ.Iti-

dirrrerrsioral anray uhich rns tlren saved with a*lpd cccruEnt lines, date

ard tirrE.

rhe user had the cptiur to print trre data; if rnt, trre prrcg:r=m

erded; if yes, the data is printcd ir the sane fora as it is saved

with ccnrent lires, dat€ ard ti.re, ard the asseiated file nanre unjer

rfiidr it was saved.
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7.4 Stf,'ain Galrge Boxes

Itre stnin reasurqrent boxes were designed ard constnrcted. The

stl:ai:: boxes were designed with tluee cbjectives in rnird: 1) read tlre

voltage acloss tlre sbairr gauge bridge accr,uately, 2) anplify tJre readirg

for sb:ains as snal1 as one miorc-in. /b., ard 3) convert tlre resultirq

. alrplified voltage to a carrent 1oc6r, whidr r.,crr-Id be used to serd tlre

reaairgs ttr:srgtr LOO ft. of cable witl. no voltage loss or noise

inter-fenence

1. Ihe strain gauge was read tfrrcugfr a starrland rfieatstore bridqe setr4r,

wit! trrc hi$r-pr.ecision resistor:s, alal orE @irg

Fuge mrrrted on a sBIl retal block, ard lead wir€s to tlre asEive

tpuge. A stable voltage of 10 Vrc hlas applied across tlre bridge, arri

tne orQr:t ms sent to an hsEnrentatist alplifier.

2. Ihe instnrenErtian alplifier was a Bl--Bs.in IldALOlSM, ffiidl is a

hi$ pr.ecisior rrariable gain anplifier. Ihe gain wEIs set try to

arplify the irprt by a factor of 843. An offset adjustment was also

irEluded witi tlre arylifier. Llhich prsvided a rE lns to adjust eaclt

sE::ain bo( to a zerc strain settirq.

3. the orgrt of the arplifier ms then sent jrrto a voltagFtrclrn:ent

cqnrerten, rfrrictr pr.ovided a stardard 4-20 m sigal to be read acrrcss

tle lt, 2W dm resisEor at the data acquisitiot syst€m. The

canrerter csrsisted of a Tel<as Instn:nents Llfils8P dllal cp-ary ard

several Lt rcsistots.

Ihe pC boart was laid crrt with tlre aid of a CAD PCB layctrt

pactoqe. The laycrrt dravirg ms nade into a photo-negtive, ard then

Lrsed to etctr ttre 3x4 ixrctl boant. ItE boards tere tlen driLled ard

stuffed with the appncpriate par{s ard a snalr reta"l boc was desigrs'
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to hcr:se the boarrt so tlrat tlre ci:srit ccnporrents were pnotected fr.cm

the rreather. T?re boxes had netal flaps on each side'wittr a ni,agnretic

sErip so qtrick ard convenient placanrent vas possible.

Ehe stlrain gauge wtreatsLore bridge had a stable voltage refqrence.

A sirryle, 30.0CI/E pcrrer aryIy was nrade to deliver tp to 5 anps load

witfi less than 10 urv rrariatisr in cuBrt voltage. Ttris uas

accorplished with tlre aid of the Blr hsrrn opAs4lAp pcner cp-arp arri

tlte Brr hud,n REF102 precisian \rol@e leference. Ihe REF.1O2 tras a

LO.oov +0.0o25v crr$rt wtricfi r*as sent to t}re o1Famp, ffiich r*ittr a gajn

of 3, rrrE cuE, a 30.00 vE cuFrt +o.oo75v rlder furl 1oad. rhe

cun€nt cms.trned bY 30 of anr strain boles rias appro:cirnately 3.5 anps.

7.5 Cal ibr.atisr

Ihe strain FlJge bocs rrere caribrated by ttre follcri-rq procedr:re:

l-. A strain sLrre ms m:nted at tlte center of a g:ctxlrlg in*l.steel bar.

2. Ihe bar ms silply sryorted ant load€d rrttit alpno::irnataly 59, L5O,

30o, 450, 5o0, 70o, ard 1r0oo nicro ln./tn. strains rlel- &tained.

3- For eadr load, t}te stJ.-ain uas first rrcasr€d rrsj.rg a LBH sEJiain

irdicator rlrdt. lih:<t, tne gar€e was sritrtted to an active sErain

9qe bo<. Ihe onreryodirry voltage ms read to the rrea:cst, terF

tlu:sard of a rro1t. I?t€ voltage mnged fi@ 4.oooo to g.ooo volts for
tensim ard 4.OO0O to O.7OOO for ocqlrcssicr.

4- fris prcoAte ms repeated for eactr of the 30 strain gauEe b911gs.

5. It was detemined t}rat tbe follorirg equatian qfld be used to csnrelt
t},e nortaqe read fim tlre strain qauge bo( to strain.

Strain = rrcl@e *222.2 - 888.8 Equ. 7.1

E$-tatian 7.1 qrld be us€d for eactr of t}te 30 bcocs qrstnrcted rrith a
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naxinrm error of one nicro jl./in. of stxah or well with-in tlre

accrrac.Y of tlre LB[f stuaj:r irdicator

the prrcedtr:e crILliJEd in st€p6 3 thro$r 5 r*as repeatcd thrce'ti-trEs to

veriQr the acouaclr of tbe strain Fuge bo€s'

7.6 Noise

UE to tlre lcrr voltages irrvolved in the instnrrentation, tlre sb:ain

gauge box was clrecked for tlre anilrlt of intsfererpe fi:cm cnrtside noise'

rhis r*as dol.E tY mlitorirq tlre respanse of the surain Fuge boxes over a

period of seven secords. ltrais proced:::e rlas repeatcd in ure field as tbtt

as in the labor:atory. rhe rrariatiqr of strain obserrcd frncm the boxes was

plottcd. It ms fcund tiat the variation in sE:cajn obserrcd r*as equal 'to

orp ccunt an tlre .drzD cunrer{er h tne data acquisitim qlsta'
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8

crhHIB,8

SCAIE ItDDEf,, TESTT}G

1 Intrrcdrctisr

In orrCer to &Eain a ttromrgh .rrra""*."dj"g of tlre belravior of a

r'ailroad car bridge, a uetttirrcl scale rcdeI of a tlpical box car fr-ane

uas consErtrcted ard tested in ttre laboratory. Itre ncdel was ilstrr-urented

wittt stJ:ain gauges at vario:s locations ard stbjected to senreral epes of
Ioadirgs. The labor:atory results rrue ccuparred to the resu-lts obtained

fircn a firlite eleurent arnlipis so adjr:stments in the analysis cculd be

rnade.

8.2. fteslhirt Scale l.bdel

rhe bo( car drawirry dained fJm tne railroads LEre reived arrt a
typical bo< car fzre ms selected. Ihe scale @I was based qr tlre

statianarlz centen sill fi:are dtrarrirry cbtajned f:m the lbrfo1k a;al

st3rrt}lern nailroad. e corparisan of tlre strsg a:ris mrents of irertia for
the diffeL€nE, stnrcf.ual mbers revie*red are presented in 1bble g.1.

Table 8.L. Box Car fi:ane Stnrctu::al p:operties

1 l.bnber Raihoad Car Mmber
Scutlern

556075
Scuthern

550581_
cts&a
47574
r
)o(

554
650
58.9
260

r
)o(

3L5
687
15.4
138
310
5.1

I
)o(

side si].l
CerrEer Sill
Gosstie
Floor Bean
Bolster
Strirger

3L5
2 at 239

15.4
92

314
6.1

6L

2.5



A ctFthirt scale rcdel of the statiurary centcr sill car fi:ane was

constn:rted. IfE del rms 2o2.L irrlres lug ard 38'34 irrlres wide' The

stn:cu:ral mslbers ryacirg is preserrted in rig. 8.1 ard tlre prcperties of

tlre corrrespodirg stnrcreral m6Jnlcers a:e listed in Table 8 ' 2 '

Table 8.2. l@el Sbrucfiral !'Isnbers

r)o( (in.4)

Side sill
center Sill

4.59
1.o.22

3.89 C4x7.25
2<4x5.4
with L/8r'x 6rr Plate
C2xLxL/8

8.48

arcsstie
Floor Beam
Bolster
Strirger

AII cg,nrectiq5 in the lrgle} r;ete re'Idd ard the *eef aedcirg 'l'Jas

rpt' considerecl' rhe rEdel rns not' an e><act oc[ryr of tne r"ailroad car fi:are

oasidercd, trlt is a reasorable rcPl€serrEa'Eidl of a t)tpical fmrE' The

rnain lagitediral beams, center ard side sills, ale stiffer than in tlte

box car fI?E qrsidered. IbrEver, the jrrtent' of the rcde1 was 1) to

veriflr t}e ae:raql of the fidte eI""FIrt prcgrlam for diffelrent loadirg

ccrfigrr.rraticrs, arxt 2) to surry tlre effect, 6g melrlcer deterior:atiqr o,t the

del ard rg, to rcdeI it in finite e1@rfi oode.

8.3 l,bde.l frrstnmrtatian

The del ms irrstrur-ntetl uittr strain gpl1ges at serreral locations

ard ir trp sEages. The first sEaEe cqsi.sted of placirg 15 llionr

L
4
0

1
3

28
84
L2
10

C3x5"0
2C3x5.O
2cL.25xL/2xt/8

2L
70
83
08
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lEasursents CEA-05-250tIts350 st:rain Fuges at tne me.Ctnr+er, center-

lire ard qetJ:i:d poi::ts a1org the lenqft}r of tlre model. See Figu:= 8.2.

The gauges rrue placed dl the bottcm side of the nodel ard ueaslr.ed the

tgsile strain irt the side ard cerfter sills. Gre garrye uas placed on the

qGS bean ard very 1e stnirl reaairgs re:e ffajled f:m ttris garrye.

the secsd stage of stt:ain gauge applicatiot included t}te placarent of

additimal str.ain Frryes qr ttle center sill ard side sills. Ihe side si1I

was instnrrented with gauges qr the tcp ard borttcn flarges at tie ore

thj.rd, oerrtesr IirE, ard aneqnr+er poirrEs. Ihe cerrEer siII gatrges trere

plaoed sr both bottcm flarges ard thre gar.ge6 qr t}le tcp sec*ion; orn

rEar eadr edEe ard orE cenEerred. See Figue 8.3 ard 8.4 for Fuge

locaticns.

8.4. ledel Ioad Bofufts

fhe del ras sDjected to tnrce t1rpe6 of load; si-rgIe a)<Ie, tardem

axle, ard point loads. fhe loads rcre agplied rry to nirp locations, uhidl

are li-sted in Table 8.3.

Tnad trrre

Table 8.3. Ioad Iocations

Tmation

Sirg1e A>4e

Tardem Axle

Fofut

Center
Center
Center
Center
Cerfts
CerrEer
Center
CerrEer
CerrEer

Lirr, y3
Litr, V3
LirE, L/3
Litr, V3Lirr, V3Lirt, V3
L)rE, L/3
Litr, V3Litr, L/3

Alonr l=rrcrEtr Alonr Width

Centered
Off to East side
Off to l{est side
Cerrtered
Off to East side
off to l{est side
Alug East @e
cerrtercd
Alorg ldest, @e

u4,
u4,
v4,
u4,
u4,
u4,
L/4,
u4,
t/4,
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8

8.5 I.HeI Iests

Gte de.l tns objected to thae differenl sets of tests. Ehe filist
test rns tlle plamrt of a sirryle arrl tarda axle at the leatiqrs listed
fut Eabte 8.3. Eds te6t msr used to r.ali-brate the finite elarFnt

arnlysis. lltte seqd test. ms to sErfy tne effect, of the sirgle arle
pcitianed oenEerd ard alcg cre edge of the del. rhis test rlas r:sed

to detemire the rnrst possible axle loadirry csrlitiqr. Ihe thiad test
cycle rns the applicatian of a poirrt load qr tbe de.I at nile locations

with aditictal side sills qnncted to the del. Ihis stedied the

effect of &p railrcad cars beirg bolted toEeurer in tle fieId.

6 l,bde1 eribn:aticn

Ihe del c.li.bratiqr qtsj.sted of loadirry Ure "-"fi tritlr fcur poirrt

loads rcercsertirg a sirgle tnrlc axle with d,ar ti-les. Itre load qpacirg

uas rcdeled frcn AASHIO stardard rdleel ryacirg for bridge dp.iggl. Ihe

axle load poirrts are listed in Table 8.3. Ihe tests rrele regnated for ttre
tarrla axle set,. A 2400 pqrd load ms plaod qr the sirgle axle arri a
3800 pqrrt load m tlte tarden ax1e.

Ihe resrl,ts of tlre a:rle teEts rel= c".pared to the pedictiots mde b,y

tlte fiJaite elstF,nt, analysis. Ihe.finite e.L-rFnc aralysis ras calibr:atecl

hy 'varyirg the drlus of elasticier Am 29 x 106 to 32 x to6 psi. rhe

reanlts arc pcsentd in .epperdix E. fbr tbe tardm axle case, thelre was

uP to t€n peL€ert differcri- beeeerr tlte ntrasrrrd stJrairr ard the

calculatEt stlain usirg nqr'-tisr 8.1.

strain = (!k'nant) (Cl/lG/ @astic rcA[us) I

67
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Ftlr the side siII, C r6s s€,t, e$ral to qre*ralf the side sil-1 d€pth ard

C for the errter sill I,ias calculatd based on its stEpe. Sirnila

corze'laticrrs Here rEtd for tlre sirgle a:cle sbs1z. It ras deEemined that

t}te best, mrf,= of elasLicity to usie wrs r2 x r05 1si.

$o yeri-fy the selectian of t}re drlu.s of elasticiQr, a deflection

sfirfy ras perford an the rcdef. Eflectisrs spgs maecnerl at raid-span

ard oerrtercd arrl qr the rrrcst edEe witlr rcryect to the widtfl- The sirgle

axle IrEs peiticmed at nid ard crp-thirf qan peitiors ard with it

centeted ard alcg the uest edEe witJr rcspec{ to the widt}r. lGasured

deflectiqrs vet=lls load ale pesenta in F.igule 8.5 alorg witi the

calcrrtated deflecLiqr fim the finite e.I-rEnt analysis for setreral du-fus

of elasticitlr. A ccrylete set, of graFhs for all load cases considered is

girren in epperdix n. lgain, ditus of etasEicity of 32 x 105 prrcdtrced

the best onelatist.
fie elastic betravior of ttre def ta3 ctrecked hry irEtrrrEirg U

loadiry fim O to 5OOO+ pauds anf rsEiry t}re deflectisrs anf sErains irr

seyeral strain gaqes. A plot of ttre strains is presented in Fi9r::e e.5.

Ihe deflecticrrs are pnesented in Figurc 8.5 ald A1tr-rdix E. As rpt€d in

t.1.re fig:res, Iirnar or rnar lirear gr::dFhs rcle &ained whictl irdicate an

elastic betravior in tne de.I rp to 5OOO pords for a sirgle axle 1oad.

8.7 Sirgle AxIe Itssts

Ihe cbjective of tlre sirgle axle test ms to cletemire the lDrst

pcsible 1oadiry case for tfe load r:atirg plrqpm. Ihat is, shculd tne

tn5k be oerrEered cn the car or peiticr6d alog ttre edge of t}!e car? In

tlds test tlre sirgle axte ms pcitiand at the certer ard alag the edge

wit5 reryect to the width of tlle car for tlre cre=qrar-ter sPirl, Secticn A,
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center of *an, section B, ard one-thj-rri s;:dn, section c locations. A

sarple of tlre results are presented in Table 8.4 ard t.l:e fijll set of

results is presented in apperdix e. Ihe tests rs,realed tlrat tlre wor:st

loadir,q case or maxiJmnn st::airls were obtained ltten tlre sirqle a<1e was

positioned at nid span ard along tlre edge of tlre car. Ttris was t1re for
bottr the center si11 ard side si1I.

Ihe laboratory sb:ains were ccnqnred to the predicted st:ains usirg

the finite elqrent alralysis for all load cases. The ccnparisons are

presertecl in tatrte 8.4 ard eppendix e. Ihe sbai.:rs were gener-a11y wittrin

ten porcent, of eadr otlrer. The ma<i:rnun enrcr ocq::red at t}e st:ain gauge

locations farftrest away fm tlre point of application of load. In all
cases, the sb:ains were wi-tirjn ten percent at ttre point of application of

load or ltrrere tlte rru<i:ru.m strafuis occrrrred.

8.8. M[ti-side Si1ls

fhe ejective of ttris series of tests qr the xnodel qias to stuiy ttre
effect' of trc railroad can:s beirg tied @ettrer by a series of bolts

betrcen the side sj-lls. Ihis r*as accorplished b,y boltirq a secord clrannel

of sare rrinrenefsns to a side silI. fhe channel rras positioned so that

vebs wer= ne>rE to eadr ottrer. one set of tests was perfornred with the

dtanrlel bolt€d to tle east side sill. A secord set of tests rms corducted

with ciranrels bolted to both side sJ-lls. fhe foaairq consisted of

sirn:]afi;g drra'l tircs positioned at sections A (quar{er qran), B (nid-

span), ard C (tftirf ryan), ard at botfi edges arrl centered wittr respect to

the width at eadr section.

Ihe testiry rms performed in trc stages. fhe fir^st uas the testirg of

the de1 with t}re point load alorg t}re east edge of t}le rndel, ttren re
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Table 8-4
Single Axle Load Test

F

B

B

A

F
A

FC BBC

Measured Stra'ins 10-6

Section A-A

Analysis

Measured

% D'if f erence

Sect'ion B-B

Anaiysis

Measured

% 0'ifference

Section C-C

Ana'l ys i s

I'leasured

7 Difference

2I0
179

191
173 237

3.5 -8.9 9.9

289 402 402 481

312 434

-7 .4 4 1

419 436

10.3

233 287 287 ?87

227 ?93 332 ?97

2"6 -2 -14 -3 .4
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I216

-7.4 
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t-estirg tlre nrcdel wittr an additional cfrannel bolt€d to the side sil1. Ttre

channel raas bolted at tlre rli@ojnt betwegr e\rer1r secord clsss beam. A

5/16 inch bolt was r:sed witJl a rnrt as a spacer between tlre ctranlels. The

nuts were only firger ti*rtened

The test results r,Jere ccrrpared to tlre fj.nite elqrents arnlysis arrl

are presented iJl appendix f. Tfie foIlcruirg r*as obsenred wittr the point

load at section A atrl positioned on a si:rgle channel, tfien on tlre double

channels.

l-) At secti.on A, for ttre sirgle ctranrel cEtse, tlre fjnite elqrer:t

aralysis r.rrler predicted ttre sE::ain at the pojnt of load W 22

pereent ard cnrer predicted tlre strain at the other side si1l by

200 percent.

2) At sect'ion B for ttre sirgle channe.I case, the finite eleaent

arnlysis r:rder prredicted the striain on tlre loaded side of tkre car

bY 40 per'cent, ard over predicted the strain at the otlrer side

siJl by 158 percent

3) At sectisr c for the sirgle ctranrel case, the finite elsrent
arnlysis under predicted tlre sb:ain on ttre loaded side of tlre car

by 43 pereent ard urder pred.icted tlre strain at the other side

si1l by 12 percent.

4) At sectiqr A for t}te dcr:bIe ctranrel cetse, the finite eleuent

analysis over predicted the stmin at tlre loaded side of ttre

de.I W 52 percent ard urder predicted tlle stllain at tlre otlpr
side si1l W 49 petrcent.

5. At sectiqr B for ttle dcnrble clranrel cec€r tle finite elenent

arnlysis cnrer predictet tne strain by s€ven perrcent ard urder

predictecl t}le strain at the other side si1l w 20 perrent.
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5. At sectiqyr C for the dcnrble elranrel casG!, the finite elqent

anallzsis trrder prcdicted the stJrain bY 27 pelrcent ard 1gder

pr€dicted the sbrain at the ctlEr side siII hY 40 pelrcent.

For tlre sirgle chanrel case, similar belraviors we:re noted for the

poirrg load at sectiqrs B ard C ard ttte foIlcffirg &serrations for tlre

dorble c$arrel casie.

1 With t}re load at sectior B or nid span, the fiJait€ eleuertt

arnlysis urder pred.icted t}te strain at t}re loaded side of the

de1 arrt over predicted at t}re o't}rer side siIl.

With the load at sectian C or qp.t}1ird span, the finite elsent

analysis ms r.uder ard oner predicted tle str:ain at tlre load side

of tlre uodel ard rl,der predicted tne sErai:1 at tfre ortlrer sidp

2

sill.
As &se6red, the finite el@nt arnllsis rlas ncrE, aocurElt€ wtten the

66el ras *bjected to torsiqnl beiravior. Ihis behavior uas introerced

hy the point, lod beiry po5itiord dr a side sil}. It ms cbsewed that

trre analleis arpearea rEc to be torsianal stiff eJEsl iI t])e sirgle

clranrel case sire it Llrder psdicted tle strcain at the load side of the

del arrl cnrer predicted the sErain at the other side sill. lErerefore,

ts mrdt rrmpqt rras beiJry trarrsitted to tne rsrloadd side of tne

frre. Ib€vetr, in the dcuble dranrnl case, it afpearea tnat the

aralysis r5s tro tlrisiclally sLiff sire it orer predicted at tlre load€d

side arrt Lud€r prdicted an tie rsrloaded side of t}le de.I. Ihe anly

darge ir tIB analyeis ms tlrat tlra Etlsg axis mnnt of inertia ms
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dcubled i:r the elenents which ccnposed ttre side si-l1 witlr tlre dcr:bIe

. It tras felt tlat this was a prcper alteration since tJrs:e vuas

uily a shear csnrectiqr betldeen tie tlo clrannels at tlre center of tlre

rcb.

The secsd stage of testirg consisted of 1-) nrndrq the point load

to the center of t}te ncdel with rcspect, to its width, ard 2) nrcvi-rxy tJ:e

load to the other side siJ.I arxf testirq with'qre afll tr€ do:ble side

sill or draryels. Ihe r"esrlts are preselrtal in eeperd* E. The

fo1lo*irg trerds rrere &senred.

l-. Foirft, load at tlre cente of tlre del witlr rrespect, to the width:

(a) Wittr qe dcuble side silI, t}re strajn at the dcr:bIe side

siLl mrqed frq 69 to 72 perrent of the str:ain at the

cppeite side si11 in tle del $itrere there eras urly one

side sill. Ihe average differerre ms 77 petrcent.

(b) Witi tto dcuble side si1Is, the stnain uas approximately

eqnl at t}le trrc sides of tlre Mel.
2. Point load at the edge of tlre de1 orrer the si-rgle side sil1.

(a) Ihe sfiajn at the load r:arged fim L1,.3 to 14.0 tjnes tlre

stt:ain at the rsr-loaded side ntrerr thelle rrx; orE dcuble side

sill.
(b) Ihe strain at the ot|rer cross sectims sr the loaded side of

tne del rarged fim 1".3 to 5.9 tires the sfu:ain at tlre non-

loaded side rfierr tnerc msi otrE dcuble side siII.
3. PofuE load at t}re edqe wittrtrro dcuble sills.

(a) 'Ihe sEl:ain at the load ran@ fra 11.4 to L3.8 tirEs the

stt-ai:r at the rsl-loaded side.

75



(b) .Ihe sti:ain at the orther crcs sectiqrs qr the loaded side of

tle del rarged fim 1.4 tD 6.2 tirrcs t}re sE:ajrt at the non-

loaded side.

It cculd be &senred rhen the load tns at tlne cerrten of tIe de1

wit5 respect, to its width, ttre strain at tlre dcr:ble side siIl was IIDre

tlran opected. OrE lrctrld e>pect Ure strain to be Iittle over half of

t11e sEr-ain at tne cppcite side silI. If tle rent of ineltia

dcpbles, tlc s!13jn shcrrld decrrease hy !9p. It6['Ever, the stiffer side

strcr.rld 6;3fiI rcre ment, trrt i:r scrtE c€lses, the tlD st]iabs ]Jere

al-urcst eqrr-'t. Seood, it ras &serred that with ttre point load at t}le

edge of the deI, tne differere in strairts betlrcen or}e ard tIrc

dorble side sj-ll lmined afpp:<i:nately the sare.
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CTIAPTB 9

DESTRUCETVE TESr]}[G

9.1 objective

The &jective of the destn:ctive testirg of the nrcdel rdas to

determine tlre acol=.cry of ttre finite elqent arnlysi.s in predictirg the

belravior of the IIrcdeI vtren it had been damaged. Ttre damage consisted of

rsrrcval of scue pieces of flarge in the side si1ls ard. si:nrlatirg o:acks

i:: the side siLls ard center sil1. the damge to tne rrnde1 tmrld sinnrlate

the cor:rcsion of flarges arxt q:acked nsrbe:s i:: the field bri@es. The

destnrtive testirg sfuurlated e)ftr@ rrE !.slr€s suctr as maj.n stn:chrr.al

msrbers a]rrsE, severed.

9.2 DestnrEive Tests

A series of eight destnrctive tests rere catried cut qt t}re rrpdel.

rhe tests rEre dccigned so that six irgeeerdent damaqe series ccrr-Id be

csdttctsl. Ihat is, the del ms dornagpd ard then regairea back to tne

origiral state. To verify the del ms bacl< to t}le original state, a

series of load t€sts rele cqducted before any fi:r{trer daurage nas dore.

It ras fcuill tlat in all c.rses, tne del erfiibit€d the sane behavior

after the repair as it did before ary damge had oe:r:red.

Ihe set, of destnrctive tests csrsisted of fcur basic st€es. the

first sEep ms to test the moa-t befone any danaqe ras dse. Ire secsd

was to ott, thrct$t or rerp\re the borEton flarrye. the thirt rns to cut to
abcut ha1f tne d€eth of ttre rreb. Ihe last sEep ms to cut ttle rcb to tle
point of irrtersectiqr witJr tne @ flarge.

Ei*rt sets of tests rere prtord an tlre del. A desaiption
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9

of the orts sequerre for eadt set of tests is preserrEed in Table 9.1. the

Iocatiqr of tlre t€sts are presemted in Fig:re 9.1. For eadt set of tests,

the 66el rms load€d with the sirgle axle entd with respect' to tlre

width at cre{uar{er of the ryan ard at nid-qnn. StJrain Flrge reaairgs

rrere recorrled at appro<imtely 1OOO ard 2OOO pcr:rd loads qt tlre axle- A

saple of the test, resrlts ale preserrted in Table 9.2 ard the flill set of

resrtts are given in apPerdix f.

3 Finite EtqErIt em.Iysis

For eartt dary series, a fiaite el."rEnt analysis rras tra'forted. Ihe

anafpis w?ts actrierred by difyiry the bem el-rprrt data at tne

co11reryoretrg leatiqr r*lerc the danaqe ms dsn. tre elsent stiffrtess

data ms dified hy rcrcalcrrtatirg the sEJsg axis urcurent of irc*ia.

Ihis r,5s actde\d bry anly takiry irrto asrrE, the tmainirg steel or a'l'

wnrt crcss secfim.I €rrea. Ihe rcsrlts of tlre analysis ale presented in

Al4urlix F. OnIy tlre tcrrsile strain gaqe rresrlts ale preserted- Ihe

r-51r1ts are opressed aE a perefitaEe of t}e sEJtain gaure reaAirgs ard a

peitine rnder reans tt:e percent oner predictian ard the negative ntrrber

reans pelsent rrder predicticr tY t}te analysis-

4 Firdirry

Ihe series of destnrctirrc t€6ts renrealed tiat tfE!€ lr]ast Eood

aqrem.rt betrsr t}le stlairc reasrrd in ttte del ard the sE]iain

prdictd h,y t}re finit€ e.I-rFrt analysis rdren tbe!€ ms linitcd damage.

Ihat is, rtsl the f1arrye ms ort or rwrd. thrcver, lfien half of the

d€f,tlr of tte rreb ms ort,, in src cases ttre predictecl strafus lre ql to

9
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Test

D1

Member Tvpe

East Side Sill

Table 9.1
Damage Deta.il s

Deoth of Cut from Bottom of Fl anqe

A-!-c
0. 25 I .39 3 .36

Remove 7 3/8" of f'lange

Repair to Original

DZ East Side

Repa'i r to 0r j gi na1

D3 East Side

Then Cut

D4 West Side

Repair to 0riginal

D5 East Side

Repair to Original

D6 East Side

Then Cut

D7 l,lest Si de

Repair to 0riginal

D8 East Side

silt

si 1t

sill

sin

of Center SilI

of Center Sill

sill 0. 25
Remove 16" of Flange

0. 25

0.26

0.28

0.30

0.42

2.03

I .39

I .39

I .37

2.04

I .83

3. i0

3 .50

3.4?

3.53

3.49

3.40
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Gauge
No. DNO

Tabl e 9-2
Damage Test D3 Test Results

LOADED AT CENTER OF SPAH

D3A 038 D3C

r/4 Point 1011 lb 2005 lb 1005 lb 2035 lb i01l lb 1994 lb 989 lb i994 lb

76
-53
9l

-45
-43
-49

75
-52

- 113
153
173
-95

- 130
-87
t77

-124
155

-

151
- 105

184
-90
-86
-96
151

- ror^

-225
308
343

- 188
-254
- 168
345

-?41
321

- 151
206

- 120
242

-Il4
- 112

244
- 153
2t4

74
-53

92
-45
-44
-48

76j'

-L?4
143

148
- 105

188
-91
-88
-98
156

- 110

134
-94

-?31
?43
351

- 198
- 268
- 173
35i

-243
324

- 140
180

- 116
241

- 113
- 113

241
-r52

209

30
-23
82

-47
-48
-59

93
,:

9

-81
98

- 123
291

- 130
- 133

275
- 170

730

I
2

4
5

5
7

I

1l
L2
i3
i4
i5
16
L7
i8
19

67
-48

90
-45
-43
-50

76
-56

-90
-87
-99
1s3

-1r1

65
-49
167
-97
-96

- 114
i86

- 145

179

4

Centeri i ne

l/3 Point

?2
?3
?4
25
?6
27
?g
?9
30

2 7

72
97
31
85
88
23
51

-48
26

231
-l18
- 170

- t02
63

460
-236
- 340
-?42

428
-224

299

?49
288

-It6
t22
t77

- 100
- 134

-87
182

- 123
161

z7

I

-1

;
-i
I

351
- i95
-?58
-17?
371

- 251
335

-t2?
2t3

-11I
155

r

z8

-78
r06
-62
t24
-58
-58
126
-79
110

-76
101
-50
123
-58
-58
t24
-79
109

-r55
209

- 125
258

- l2t
- l2l
258

- 152
226

-70
94

-41
47

-62
155
-68
-70
144
-89

120

-61
128
-50

81

-59
i28
-80
110

1



25 percent c /er or urder the tJ:ue straj-ns. Ihe differerlce beB*een t}le true

or pr.edicted stJ.ain widen even trDlie tihert t}te $eb was crrt to the

irrEersectiqr of tlte tc4l flarge-

F\::fter irvestigtion rqreated tlnt the percent erzor between tlre

trrue ard psdicted strain rralr:es cculd be corr.eLated with the sflifE in the

l0catisr of the neuE:al axes. The l0catisr of ttp "*rt =1 a>(es wa-s

calcrrtat-d trsirg the ccnplressive ard tensile stJain read'irgs at ssreral

poi]lts iJl tne deI. the firdirry ale presentcd in arperdix r.

A detaited srrmar? of tlre esewed betravior:s for eadt series of test'

eule a.s follcrps:

TesE, DL: In test Dl-, it was &senred ulat tlrc series of grfs iJl the

side si1l had' rp irrpad. cn t}re del'

Test D2: TesE, m had an fupact, qr tlre belravior of the del ard tlte

finite eletrErrt analysis ms able to pnedict tiis belravior.

Ihe 61fis rrere rnade ty the bolster an ifr" side tcrrarrit tie

cerfter of tle rcdel.

Tests Ifese tests had'a najor iryact al tle del. Ihe ctrts rrel=

D3 & Bt: nade in t}e side sil1s rear rdd-ffan. Tests D3A ard D3B had

an iryact, that cculd be predicted tY tl)e anatysis program.

llcf,Er/er, tests D3c eird Bl(A,B,C) had rc$Its that l€lie Ip

tD 97 pel€ft, in errror. nr*fer irwestigtiqr resrealed that

tl)e 1ocatisr of tjre neuEral axis had shifted tlp to O.78

irdres h t.I]e 4 in. side sill. In the areas lfierc the

axis StlifEed, the aGrlracy of the predictions

dacteased. Eais betravior ms &sewed r&en tlle rcdeI Has

load€d at me-qrnrter ryan ard nid-*an ard ccupariscts of

tlEce loadiry coditisrs for tests D:lB ard DEIC a::e present

in aPPerdix f.
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Test D5:

TesEs

D6&EI7

TtssE D8:

For tiis darnage series, crrts nere nade in ttre side sirl near

tlte orrc-quaa+er span points. Belravior of tlre rrpdel was

reasonauy predicted in this series of tests e:<cept at
sErain Fuge 7 in tests D5B ard Dsc. rn eactr case the

aralysis orrer predicted the sErains. Ilcnrever, the nrcnent at
this location was rpt eitical in predictirg tlre bridge

ratirg.

rhese series of crrts rere qrade ir the center silr appr"oxi-

matery at orethird of the span. The crrts rrere betlreen tlre

stnain gauges located at gtequar+er arrl cerrter ryan. f!:ese

cuts had a rnajor iryacE qr the betravior of the der. Itre

bebavior in ttre de1 for crrt D6A ms relr predicted by fte
ararysis program. For test D6B the analysis over-predicted

tne sfuains in the center sitr qr both sides of tlre cut ry
L8 ard 21 percerE. rhe rprst cor:elatiqr was for test D6c.

Ilcnever, tlqg iuplg.red for tests DzA atrt DDB *len tlre center

silr rns alrrpst sever€d. rhe er,:pr reduced to laqs urar, 30

perceft for test EIIB.

A shift in the neutrar axis ras also &senred in this
series of tests. rhe neutral a>ds shifEed alpro<irnate.ry ore
half inrh in tne cerf€r sill in test D6c or wtren ttre errpr
rns mxinm.

Test DB cqrsisted of the rw.rar of the borEtcm flarge in a

side silI at qptlrird of the ryan betrcen the gaug€

locatsl at sre-quar+er arrt nid-4an. rhe betravior of the

del ms veII pL€dicted tD, the analysis prcEllan.
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crag[B. L0

Field Testirq

lo.L kidge TYPe ard l-ocations

Fa:r r:ai11pad car bradges, eactl constrtrcted. frcm different design of

a r-aiLrcad car fr-arue, were field tested durirq ttre sr-unrer of 1990 in the

Arlcansas Ozark lh.rrtains. Ihe firsE bridge had a 81'5 foot' clear span ard

was consErtrcted f::cm flat cars witfi taperea floor beans' Ttre bridge was

locatcd in Irdeperdence @lmty, Ar}<ansas; kidge No. 20581-' Ttre secord

bridge, No. 19896, was also located h Irdeperdence cor:nty "'d wa's

const6rcted fiicm flat cal:s. Ihe span was 73'7 feet ard the floor beams of

a tJanss corrstl1rctiqr. The last trrc bri@es were locatcd in Izard County

ard constnrcted fisu bo>< car fi:ares. Bridge 3, No. L9908, was constnrcted

fr.cm bo>< cars with slidirg center silIs. The span r'las'45 feet with an

interior s-gnrf urder ore side si1l" t|le }ast bridge, No' L9900, wa

cc[.rstn:cted fi:cn box c:11=i with a stationa:ry center sill. Ttre bridge

+anrea 56 feet ard tne side si1ls w€l€ stiffened rear nid-span'

LO.2 InsEnrerrEa'tiqt

At eadr location, tl.re bri@e uas cmstructed fim tlIo r:ailrcad ca::s

placed side htrr side. E]e field testifl, cgrsisted of placirg 30 to 54

uioo.reasrEonerrEs CEA-05-25OII{-350 sbain tFlryes dl the stnrcfiral fi:are

of orE of the cars. At each Flrges leticr, ttp stJaiJt s[allges we!:e

placed side bry side. Itris was dtrE in omder to detect' ally rnal furEt'ionirg

stnail lFltges or E{rain SFlJge bo<es. fre locatiqr of tIre strain lpuges

for eactr bnidge ar€ listed in npperdix c. At Eidge 1, 27 Pairrs of stu:ain

gFlryes rEtre mrrted on ule bridge. silEe ttE data acquisition s'{/stem

cqrld anly read 30 Fl4res at orE tire, trc s€ts of load tests l,,el
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10.3

10.4

perfornred, one for eactr set of sb:ain gauges. ttr-is was also done for

kidge 2 vtrrere 20 pairs of sb:ain gauges were nn:nted. kidge 3 had 11

pai::s ard ei$rt sirgle gauges nrcr:nted ard 13 pai::s ard 4 sirgle g-auges

were na:nted on kidge 4.

Loadirqs

Itre bridges were loaded by placirg AIIID tnrcks on ttre bridges.

Sevq:a1 load points vere selected on the bridge. Ihere were poirrts suctr

as nid-span, qr:a:ter or onethi:d spans, ard over floor beans or qross

ties. At eadr load poht, tlre tnrd< uas positioned so it was eitlrer

cerrtered with respect, to the width of the ::aihrcad car, or one set of

dua-Is ard a f:rcnt tire was positioned over eitlrer edge of ttre car. It was

estirnatcil that tnese tnrck positions ucutd prrcduce the raximr-un sb:ains irr

tle insEn:uented stJ:uctllal usbsrs.

the dynanic response of the bridge i*as also &tain€d by drivirg tlre
tJtrcks over tfre bridge at norrnal operation speeds. Ihe data acquisition

q/sta contirnrcr:sly uonitored ttre strain gauges for cnrer seven secords as

tlte tnrd< d::cnre acrcs t}te bridge. These results a::e presented as graphs

in apperdix C.

ki@e lb. 20s81

Uds bridqe ms csrstnrcted by placrrg trp flat cars with slqirg or

taperirg flor beams side hy side wittr an approri:nate 42 jJEh spacer

behreen tlte cars. Ihe qncer r{Els constrltct€d b[, rpldirEt 4 in. c]rannels qr

appro<imtefy fcur feet centers betrreerr the ttn inside side sills. Ihe

dtanrels rere covered wittr a steel plate ard tne bri@e ras coverred with a

thin asphalt srr:face. Ihe spacirg of czrss beare arrt dinensions of the

sEn:cb::ral ne&ers a:e presented in Aperdix G, Fign:res G1 to G3. Ihe

locatiqrs of the strain gauges .rre given in Figures cl ard 4. fhe
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peition of tlre tnrcl< rear axle for tIe th:ee loadirq pitions is

present€d j.n Figure c1.

ltre tnrcl<, prcnrided by AlfID, for kidge l- was an enpty two a<1e dwp

tnrcl<, No. 9793t weighirg Ll-,ooo pourds. The front axle weighed 4,800

pornds ard tlre rear acle weighted 6POO pq:rds witi a liheel base of 11 ft.

sexren in. Tfie dual tires on tlp r.ear o<Ie was centered on 0, !3, 72 arfr,

85 h. with tlre f::ont tines centered sr 77 in.

Ihe rrecolrded stJ:ains in mioro in./iJr. are pnesented in Appendix G,

Table Gl-. Each set of tests were ::epeated so ttrat fcr:r sb:ain gauge

readirgs were &taired for each strajn gauge tocation. In seve]:al cases

tlrere wene less tltan 5 udctp in./in. differerpe between the readirgs at

eadr locatiqr.

fflere was a najor trrcl<Ie h t}le center siII at strain gauge locations

3,8, ard 9. Gauges 3 ard.9 wene located at ttre stant, ard erd of tlre

trrclde ard gauge 8 Has at tlre point of uru<irnm hrrd<le. The hrckle was 2

in. 1o6q ard appo<inate.Iy orp in. cut of IiIE. An analysis of the

recorded strEriJ'rs, lrtterr tne load rms Located aborre ttre trrdcle, revealed

that tlere tms applodJrately a 45 perrcent irs€ase in tlre reastrred sb:aiJl

as ccnpared to ttle estinated strain. The esEirat€d stl:ah rias obtained by

aveagi-rg the sErain at ttre erds of the tr:clcle. The niddle strain Fu9e,

or gauge 8, was located apprcximate.ly 14 irrhes fim strain gauge 3.

Gl:aphs of tlre st::ains i:r t}le center si1I as tfien tne tr:ud< drcrre

aqrcs ttre bridge is pr.esented in Firy:e 10.1. It can be &ser1red tlat

tne *rains at nid-qan rere sna-I1er than at tne otlrer ry", Fuges

locatios. Ihis is dte to an irg€ase ir the EIEnt of inertia of tie

center sill. Ihe bottcn plate of the centcr silI rns ryliced at tl.is

locatiqr. In orrder to reinforre tlre splice, a 9/L6tt @ver plate was affed
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BRIDGE 1 - CENTERLINE STRAINS
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tln:s irn"easirq the rrurrent of i-ner{.ia ard reducirg the st-::ains at tlris

Ircatj.q.t. G?aFhs of sbajns at otlrer locatisrs a:e presented j:r afeerAix

G, Figu:res G5 t}lrcn$r G7.

10.5 Eidqe l{o. 19895

Ihi.s bridqe yas ccmstructed by placi:q trp flat caLs, with t}re floor

bea6s reilforced W aiaEqraf argle i-lrcnsi, side bry side rritlr a 3rLOrr sf,acer

betrreerr the carcs. E:e ryacer was csrstnrstst fim 7rr draDrel's rcId€d to

tj,e side sills. rhe chanrels rEre correred rittr a steel plate ard a 3rr

a+fraft deck uas placed qr tlre erdst'irg steel deck' fhe ryaci:rg of ttte

Cross bems ard d,i-stsiorrs of the structJral nsrbqs. a:e presented in

Apperdix G, Figu::es GS ard G9. fhe locatiqr of the sErah galrges are

given in rigrues G8 ard, G1o ailt the pcitiors of the rear orle for tie

forr toadirry lreitias is presented in Figrue G8'

I\'D tnrcks to load tfE bridge. The first, tJ:lEk r,ras I&c.

9793, or tlre tllElc used for t}te fiaEt, bridEe. Ite secqd trr.ld(, tib. 8l-17,

hnl tfE sare distsiqrs ard rEur loaded with garave.l. The fistt axle

reighed 7,7oo pcrrds ard tl]e lcar axle lEi$€d 2L,6OO pqn,ds.

'q.re tnrcJ<s rete peitianed, d& respect to tlE ridth of the car, asi

eit11elr oenterd or ritlr rfieels peitiand cnren the ircide side siII. Ihe

strain *"djry in nicro il./in. for tlre 2g,3N pornd tnrck ale presented

ir arperoix G, Tables G2 tilu.1gh 6/, for led peiticrs 1 to 3. Ihe tl:uck

loadirg rns rePeated twice'

It rns &se6rcd fim the sfi:ain gpl4p reaairp tfEt the mxinm

sfi:ain reaairg ir t]re oenter sill errrd t*len the rear axle ras oner the

flor bem or Load Case 2, ard oenter dt tlle car rith rcspec{ to the width

of the car. It rlns also &serred that t}te strairc ir t}re cerrter sill a-
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the lrcation fterc it had a red.lced hei$$ in crcs secticr, sectian c{,
ueEe ]a€E * 

T 
stJ.air6 at otlrer lmtias. A1so, d)en t}te rear wfeels

of the truck rrere over this sectian, the stains lpge srratl. Ihe largest

strains in tlE irlside side silI re rreoded *len the r=ar axle vas over

tne clastie ard an t.he ireide dge of the car. Ihe stelains rma.n'1€d 37o

to 4L0 nicro in./in. or a1pmd.mtely tyice tne Daxiram certer si11

stJiairt.

Ihe strains uere also recoded ffien the tnrk drprre aqres the

bridge. araFhs of the strains are pcsentd in Figiu::es cu to Gj.7 in
apperdix C. fhe g::aphs rerrcald that the sbains in the oerrter siI1 were

rcle than the static load st::ains reoor,ld for t}te tnrck drerr pcitioned
at the edge of the car ard less t}tan the str:a:jns ffien positianed cerrtered

qt the car. Ihe sErains in the inside edqe side si]l rel- afprmxj:natefy

the sare nryniude in tne sEatic anf dynmic load cases. rhe nacinam

strajns jJt Ure diaEstal ilst{.\er of tlre fLoon bean rele recorrCd for t}re

rsloer facirg ttre oenter lire of the bridge with reryecE, to the u:idth.

Ihis strain uas abcut L40 nioo ut./in. in ccqressian.

10.6 EidEe No. 19908

Ihe omstructim of ttle bri@ casi,sted of trp bo< car frarps wit5

slidirg enter sills placed side bry side. Ihe ste.l decldrg of tlre bor

car served as tbe bridEe declL Ihe bridge ms tnriqn h tlrat qe car had

an interion 9lfPoL+ on pier. Ihe pien atso aporEed tne irside side siLl
of the seud bo< er ftaE of tle irrstrrre*an fu. Ihe qpacirg of the
qtGs bea'lts ard dirpnsiqs of tlte strucfurra.l nsncers are preserrtea in
Fi9ulcs G18 ard GL9 of Al4udix G. Itp lrcatian of the sErain gal€es are

ptcsenEed in figul€s G2O anl G21. Ihe load peiticr are shcrrm in Fig:re
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G1g. Ihe load cases witn respecE to tie width of tlre car ircluded the

tJuq cerrter on the car ard'wittr one set of rifreels over t}le irrside side

sill. Ihe load s€querpe rras repeated tht€e tires to dled( tlre consistenq/

of the stlcaj-n reaairgs.

The tr:uci( used to load t}re bridge uas a 13,300 lb. dtfiP tnrcl<, AtrIID

No. gL15. The fi:ont a:<Ie veighed a 5,000 1b. ard the rear vreighed 7,3OO

lb. fhe filo,rt rrtreels rrere 78 in. qr center ard tne rear Yfiee1s rErre 0, L2,

'12, ard.84 h. on centers. The tnrcl€ rfieel base r,as 140 in.

Ihe recorrled s;gl:ains in micro in./in. for the different tnrck

Ioacfirqs are presented in Table CS th:s$r G13 in epperdix C. Tfre rru<i:mm

strairs ir tne cerf€r sill rrere recorded for r.itren tne tnrdc wias center on

the car wit}r respect, to t}te width of the car ard the rear arle of the

t6rck ms at nidspan. Bottr, t}re slidirg ard stationary cerrter si11s

loads aEi irdicated by t}1e stmin reaairrys. The load ratir-

p1rcg3an was used to estjnate strains ard it overpredicted tne sbiains.

It strculd be rptcd that the prcqp:m asgd tne sliilirg center siII

carzies rx, load. It rrrsi esenrcd that the srr of t}te stationary ard

slidirg siU strair:s rre:e clee to tlte pr.edicted str.ains. The na<funm

side sill sttrains 1rere also recorded for this loadirg case. At cente

slEn, the analysis progran otrer predicted tlre strajns tY 100 perrcent' At

t}re side si1] cppeite f,}le inte:ior s44nrt, tne analpi.s prc$an

prcdicted tlre average of the strairts recorrCed.

Ele gqtside side sil}, cgpeite tlre irrterior s44nrt, ms damaged or

trrcrcled. In thi.s case, the analysis progran reasmaury predicted the side

sill strains. Ihe beam ms trrdded in a nanrer so tlre rent of ineltia

gas irseased bear:se there rlas rcne nass arrnay frcn the rle[rtf,dI axis.

Ibrrq/etr, ttp beilrs mrer1g, of irertia ms keprt, qstant in the analysis.
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LO.7

Ataphs of the str:airs €rs tne tnrck drove acrcs the bridge ar:e

presented in F'ignrres G22 lD G26. A revian of tlre galaphs rsrea1ed tlrat tlre

center si1I dynamic stJrains w€re less than the stJ:airs for the static

cases.

kidge llo. 19900

fte bridge csrsisted of ttp bo:< car fimres, w"iti a stationary center

si1l, placed side tryr side. Ihe cars rere bolted toEettnr an agplrximtely

eight ft. errtes. Ihe bolts rcrc plaoed tn:srgfr a hole cut witi a torrh

ard rrt, dralm ti$rt. Ihe car declciry ms used at t}le bridge ded<. Ihe

ryacirry of t}le cross beans ard diqpnsiqrs of tlre struchral urgribers. are

prcserrtd in Fignres e27 arrd. c28 in Apperdix C. Ihe load positions a:e

preserrEed in fiqtur€ G27. Sre bridge rns loaded witi tne sare truck rrsed

for Hridge 19908, or the thid field t6t,. fhe t:rrcl< ras peitioned

center cn tie car wit}r re+ect to t}re width ard with the rriheels over the

irside side si1l.

Ihe reconded str:ain readirgs are presented in Tables c14 tlrrurgh G19

in efperdix c. fhe or:respcdirry strain Flrge locations for these

reaairry are p€sent€d in Fig:res c3o ailt G31. fhe ua<imm stJ.ains h the

oerrter sj-LI were dained for tlte rear axle at centcr span. It wzrs;

esewd that, appmrimtely ttn sarrp strain reaairgs rcle &rtained for the

tJtrclc centered on the car or orrer tle ircide side si].l. The maxfum

sEnains irt the side si1ls mrrred dren the trrrck ms in tXe follcnrirg

positian: the rear axle ms oenteecd an tlre car witlr respect to the width

ard orrer the letisr ffiete tlre side sitl dtarged geflFtr1l. Ihat i.s, the

d€f,th of the side si]l charged fim 10n to 18tr. trais ocomred at
altruirnately 2OOtr fim the erds of tlre car. It ms also &senred that
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r,tpn the ffieeI loads tEre over tle ircide side sill, the stLains recorded

in tfie cutside side s111 or the side siIl at tlre otfier erd of t}te crcs

beam rrere erfr-t or larger in mgribrde. It strorld also be rp'ted tllat the

tnrd( wrs not peitianed over ttte cutside side si1I in tli-s cas€.

I5trevetr, tlre mxilrn shains trained lrele for the trrrd< centened qr tlp

car rriEr reqlect to t}re widfh.

e?fhs of tle strains as the tJnrc,l( dlove acres t}le bridgre are

preserrted in 1ligures G32 tluurgh G4O. At oenter ryan tlre stlrains recorded'

in the cerrEer arrt side sills rrere appru<inntely eqral ard less tJtan tlte

strairs recorrCed for t1re sEatic load cases e:rcee,t for the inside side

sil1. It was also &serred that t}re stlairrs in tne side si1ls sere less

ttnn the static load case for rihen the tnrc,k was cerrtered with respect to

tl,e width of the car. Ihi.s ms also tnre rdhen the trrlck ras peitimed

orrer the inside side sill.

Strain galrres trERE also m:rrted at sectians of the bri@ lfiere

hrcldd be*rre uene fcrl,d. At tnese letiqrs, rE, sbaa? iJE€ases in

stairl nahs rpre &serred.
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Ll.1

crflgm, u
: gtrlofur AlrD Drscussrcr oF Fes[Jrlxs

Socpe of Hoject,

fhe sEdy ms divided futo Ap Fhases. Ihe firsE phase cqrsi-Eted of

1) establishiry the presenU ard firEne usap of flat bed bridges ir
Ar]<arsas anl, 2) establistliry a data base cmsisLirg of teArricaf

litellatr€, rnemher sizes, s€ctim prcperties arrt naterial strcrq*s. Ihe

seocrd ptrase of tlre poject ms to cansi.st of develcpi-rg a toad r:atirg

pqplan for railrtad car bridEes ard verifyirq t}re pq@ tnogr
laboratory ard field testint.

LL.2 Hrase I Firdirry

Ar*arsas cities ard corrties rete ervelzed to detemire the e:<tenl of

use of rail:rad car bridges. field visits se cqdrcted whidr prodrced

railrcad cerr identificatiqr nfrers anl stnrctelra-I informatiqr uas

reqrEsted fim several railroad cqanies.

L1.2.1 Sunngf of Ar*ansas Cities ard Grrties
A srtr/e} sent to rII cities ard qJilEy judges ir

Arkansas, ard fo.Ll*rp suvelrs witlr omEy judEes rele cqdrted. Ihe

restts irdicatcd tiat t}te use of railred €r bridEes rlasi gtru'rir4r.

Ifrir-Ersix of the 75 judEes repo*a that railrcad car bridqes rcl= beirg

usd in tleir 6rnties, arrt that 167 railroad car bridges are in r:se in
D88, try ffrcn 74 reported in 1986. fre judrys r=port, ttrat 73 pererrt of

tne railroad ceus r:sd rere flat ers ard 24 percerrt rele bo< cars w'ith

the sides @ved.

Of tlte cities *rrveyed, rrn reported trsirg railroad car bridges hrt
L8 perceut had oqsidercd usirg tll€n.
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Raitroad car bri@es in zuIton, lzatfi., Irrteperderre, Y, C1evelard

ard Hot, Sprirgs ccnrnties re:e visited. Forty-ttrree pelrcent of the total

bri@es r-por*ed in the ccr:nt1r suryey rere located in tlpse ccr:nties.

Berrtry-s€,ven bridges, 16 petcent of tlre railroad car bridges irt the stat€,

rrele visitcd duriry the field trips. Fifty-tr€ rail:oad cars were used to

constnrt tfrcse bri@es; forty-one rele bo:< ctllts, ei$rt flat c Er ard

three gwrdola cars. Car rnrlcers rcre fcr:rd sr nire bo< ca::s ard ei$tt

flat cars.

Ihe field visiLs renealed tJrat 79 pelefit of tlre raillmad cars were

bo< ca:s ard 15 percent trere flat cars. Th€e firdirgs wele suprisirg

sirrce the qrrrties r-ported cppsite nffierc. Car identification ntnrbers

rrere fcr:rd. dl L7 cEurs, or 33 percent of t}e ca:s inspected.

LL.2.2 Car l{arnrfaclelcrs ard Tecbnicat Literatue

A s.rnrqy of t}re railroads ard the Mrican Assaiatim of Railrtad

rerrealed tnat railrcad cars are rpt mnrfacfelred then prt q for sale.

Irlstead, a riailroad ryecifies a series of cars, tonnage, Ierryth, width,

etc., tnerr mrufact:rers bid for the sa1e.

LL.2.3 AAR Speificaticts

kior to 196{ dt r:aiboad had its cf,n desigt starrfards. In

S€e&eer, D& the lrerican Associatian of ryt-"r" d€F/elcped t}te

Secificatiqs for Esign, Fabnicaticn arrt ErEtrtrtian of F:reigfrt Cars.

Ihe crly rrtd drarge in the ryecificatios betuEen 1964 ard 1987 ms the

dFsigrr Ioads. fhe dtiaft, load dErged f:m 3OO,OOO to 35O,OOO lbs ard t}te

ccnqtrcssive etd load ctlarged fim 8OOTOOO to lrOOOrOO0 lbs. This ltrrrld

reflect tne laryer tJiains in use.
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1a.2.4 Tectrni_r-^] I:forrnatiqr Airchive

Sqrenten r:aj-Ircad car identificatisr nnrbers wele fcurd dr:r:-rg the

field visits, nirp on box caLE ard eight on flat ca::s.. D:awi:rgs a1al

specifications wene ffained for six of tlre ni:e box cars hrt for rpne of
the flat cE[s. Ttrerefore, d::awirgs rre:e #ajned for L2 percent of t]re

ca::s identified durirg the field visits. Detaited a::awlrgs of strtrctr:::a1

nembers trene &ained for five of tlre six ca::s. Itre d::awirgs of tlre otlrer

car was inccnplete arrt stnrh:raI mdcer sizes cculd rrcrt, be determi:red.

Ihe d]=lwirgs repr.esent inforrnation related to fcr:r bridges ctrt of the l-67+

in Ar]<ansas.

11.2.5 nailroad Analytical ltrdels

AI1 attapts to etajrr tbe analytical dels l:s"d by the railrcads

re$rlted jJl lefercs to the AeR Specificatians for Design,Fbbricaticr

ard Cmstructiqr of n€ight Cars.

L1.2.6 hta Ardrive

A linit€d smary of the six r:aiLoad car drarrirgs was develceed. rt
jJElud€d stnrctral mrber ryacirgs, msrrlcer dinensiqrs ard ,=,b.,
ryecificatians. A rcre €prehersive ardrive cculd rpt be d€s/elcped dur

to:

L. OrIy a Unit€d rlnur|cer of r:ailmad cars ccrrld be identified duriry
the fie.Id visits.

2. Ihe locatiqr of crly 74 of the 157 railroad car bridges rnr- Isrcnrn

at tJte tire of tJre field visits. nrent1perrcn bridges rere visited
ard tnese bridges rrele cmstnrcted fim 52 r:ailrd c.rls.
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Despite all efforts, r.eliab}e inforrnation was obtajsed for only

five ca::s.

3 A rarierr of NIID bridge insl=<t'ion fonrs renrealed tlrat tlre bridge

i11spestion s6eet-s prrcdr:ced as reliable irtronnation as tlre d::awirqs

prcvided try tlre railoads.

1L.3 Phase 2 Firdi:gs

sofhiare was denrelcped which was desiqred to detennile the load

r.atirg for a railrcad car bridge. Ihe load r:atirgs were b":"d on

irrverrtory ard cperatirq vetricles. Ihe plrcgTam was clrecl<ed by L)

hrildjrq ard testjrg a onetij:d scale model of a r:ailrcad car fi:arte'

ard 2) testjrq fo:r bridges in tlre field. Ttre nesu-It-s obtairled ''fi:om

tne node.l a1rl field tcstirq rcr"e ccrpared to the predicted resutts

ffajned fim tle load r:atirg prcgran. @r:rect'ions wel= rnade as

n€cessalr.

11.3.L Load Ratirg frrcgran

fhe load ratirg prognan is based r.por perfonrirq a finite elanent

analfisis on eactr railroad car used irt tbe constn:cEisr of the bridge'

Ttre sofEmle was desigrred so that tne data frrcm a irEpect'ion

r.,grrld be us€d to pro&re t}le reqtri:red finite elmrt data files. Irle

data oor'tsi-sEs of bean s;ncirg, t1rye of stn:ch:ral Htbers, di-nensions

of t.11e beare ant tlp locatiqr ailt a descripEiot of danage to

sErucfiIe. Ihe prc4p ra l.,Errld 1) develcp the rEde poirrts ard elerent

canfiguratian, 2) ctetemire tne reguircd bean eI@fi data, 3) load

t1,e ffudte e1"rypnt de.I rittr a rxlit tauck, ard 4) rrrite tfle firlit€

e.IalErrt data files. Itre bridge load ratirg is proalcea bV a
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secd softrnre prc{tr@ r&ridl 1) calqrlates tte stnrts:ral capaciQr of

eadl slerprrt, 2l s&bacts t}le effect of the daa/r load, ard 3)

prcAe ttte load rati-rq in teil.rm of the nder of writ trtcks b,y

dividirg hy tlre effect of a rrrit ttrLnk. SirEe tne rlrit trrck Ei$ed
crE tcn, the lod ratirg is, tlueforc? in teLc of tors. E:.is

prcess is repeatd for edr class of vetricle.

A tfriJd sofhaare prqpm ms uritten uhidr petmits easy

diEicatian to the finite elalsrt data files. Ihe finite elmrt
data files are based qcr tlre beiJtl rp irrterior s44nrts or darnage

to the strrrhlral ffiers. Ito ag.urt, fon tfge qditsims, the

prlcEtr@ rurld ae sports ard dify tIe el,onrrefit prcper+ies so danage

61r1d !E sinrlated.

L1.3.2 Scale l,bdel EEstjrg

A cretlti:d scale del of a tlrpical bo( cErr frare uas

castructed, irstnmrted, ard tcsted. Ihe ctrjective of this task rns

to dred( t}re aeEaqf of t}re arnlysis ptrEgra in trn€dict.iry the

behavior eserrcd in the labmtory. The &served betavior consisted

of rea,srrirg tlte strains at seneral lmticns ir the del. Ihis rras

actlieved bry clenelcpirg instnrerrtatian *rictl serrE, rpisefice sigrals

frcu tle strain gat€B to a data acT'isiticn systen. fie rcdel testirg
qrsi.sted of loadirg the del with poirrt loads, sirgle axle loads,

ard tarrh axle leds at seneral letians. Also, the effect of tlp
railred cars bairg boltd toEetner ms stsdied.

OrqElariesrs befuer faforatory reasrrd Etrairrs anl calcrrlated
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stJ:ains were developed. Ttre calcrrlatcd stmins were determined by

r:sirg tlre fol1cruirg eq'lation'

Stl:ai3 : YI*C/ (I-_,tE),.x
M = results fnccn finite efsrent arnlysis

C : distance fircun neub:al alds to tlte extrere fi-bel:s

I : nrcment of i:Tertiax
E = elas;Lic modu,Ias

Eqr.r. 11.1

It was fcurd that an elastic modulas of 32xl-05 psi prodr:ced tlre

best results. Ihe calqrlated stt ains were within ten pereent of the

neasr:r.ed Stuains for sirgle ard tlrdem axle loads centered or

positioned at ttre edge of the model (with respect to tlre widttt of -ttre

nodel). Ihe tprst loadirg case or mildmm strajrs r,rcre ohtajneh rofren

t}le sirgle axte vas positioned at nid-span ard alorg ttle edge of tlrr

fi:are.

fhe effect, of tto railrcad cars beirg bolt€d together uas

&tained by addirg an ^dditional side sill to the del. Ttris action

did sirrllate tlre betravior cbserrcd in the field tests ard resulted in

aralysis r.estrictiqrs. It uas fcunt tfiat t}re analysis did not

aco.rrately predict tlre betravior of the del l*ren it was sulcjected to

poirrt loads rdtrich resrlted in a tor:sion rcrEation of the IIDdel. The

analysis over ant urder estjnated the stl:ains aeeereinq on the

locatiqr of ttre load. [Ictd6/er, the rerlts were noE sitical for it

tEls detemined that this loadiry case did not, prrduce the lnaldrmnn

st13i.1js. Ihat is becar-rse the vetricle tras to split its rei$tt between

the trn cars to produce this loaaliry effec{ ard tne nildmm st::airs

oe.rr:red tfien the vetricle was peitioned at nid-span on ore r:aihrca

cirr.
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DmaEe Tests

A series of ei$$ destnrtirrc tests sre catried cr.rt on the scale

de1 of the bo< car ft,re. ItEe t€sts rete carried crrt to detemile

tne aeraqy of tlre finite el@rt analysis in predictjrg the befravior

of tlte de.I rdten it had been danraged. 1ltie tests rcrrealed that the!€

tas a gooa agemt beereen the ste'airs magrcd in tne del ard tne

strairs predicted hy the firite eldrErrt aralysis lfien ttrerc eras

Iinited danaEe. fhe United dilaEe srsists of t}re side sill bottcn

flarrye beiry rwved q1' sinrlated oadrs irl Ein strucfi:ral rnsrhal's to

a deprttt of me*nlf the tEigtft of tle rcb. Ihe anallzsis pnogn:an hact

limited anc"lracl' r*ren there rns d.nage to a gacater e:<EenE,. Ihe err:or

ir: tbe anal1pi"s 6rld be onelated rith the snifUnl of tlre neub:al

axi.s in the regian of tlre danap.

the tests revealed that t}te load ratirg prcgp?n lrufld prodrce

acorrate rcsrtts rtten *jc stnrbual ffiers are hrd<].ed or the

flarges ar= deterioratd d- to se\rere ruEtjrg.

Field 1testirg.

Fcur railroad car bridqes, eadr qrstnrted frm a differcnt type

of railrtd car frre rere field tested. Ihe fr:arc qtsi.sted of flat
cars with taperA ard tnssed flc berc ard bo. cals wittr statianary

or slidirg oerrten 5i'l]s. fhe brjdEes rere oonstnrctd by placirg tro
flat cars side.{oy-ide rith a oerter qlaer or boltirry tlle side sills
of bco< cars togrettnr e just, lafirry bco< cars re<t to eadr c,ther.
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ttre loadirg r:atirg prqpm did predict tle behavior of t}le flat

cars with reascnable accut=lcy. fre +acer befupen the cars Pemitted

tlre cars to act, irgeeerUenefy of eadr c,ther. Sills, tbe load rati:g

p6c4pan sfsrld be used for eadr railrd car arrl the bri@ Ioadjxg

bas€d cn the neal<egt car.

Ihe analysis pqpm IIas rEt as aerrate uhen predictirg the

befravior of tle bidEes qrstnEtd frm bo( Gtrs. the prcgrann cnrer

estimted the strajns in ttE bidge qlstnrcted rrittt slidirg center

sill frres. It was asgd tJrat t}re slidiry si1l vnfld rut, ca:r1r

load in ttre analysis prcga ailt tbe field data revealed that it did

ca111r a sigrrificanl perceutaEe of tlre load. trris befrardor rcs1ted in

a qtservEtti\re estimte of tJle capacity of t}te cerrter sj-ll. Ihe crEher

raiSoad car in ttris bridf had rp effest an ttre analysis becarse the

czlrs LEL€ rrct, stnrtual1y tied trytler. .

E:e last bridge, oanstnrEd ffm statianary errter siLI boc car

ms rmiqrre in that tln side sills re boltd toEemer. Gle boltirq

of the silts toget}rer had a ,"jor, ilPact on the behrvior of tlte

bridge. Itrerr trrrks rele peiticned so that tnqf aire*fy load€d the

irside side siIL the field resrl,ts shcnd the crtside side sil1 aqrss

fim the tnrJ< hacl an aqrl:'l or gneater shains. Ihelefore, the load

ms uriforo.Iy di.strilrrted ty the ocryeite behalior of the bo< car

fr.re. Ihever, t}te mximn stJrafurs m:e prodd tltten the tnnk was

centercd cn the car at mi.d-span. In orden to eain good a$FtrJrt

betrrcerr the field data anl the arallpis 1nrogra tlre rent of ineltia

of the inside side silI hd to be dorbld to accormt, for the boltirg

acticn.
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One of ttre loadirg corditions performed in the field was

reasurirq tlre stmins in t}re bridges as a tnlck drorre r:rder rrorrnal.

cperatirg coditions across it. In all cases, the ma>.jJrrfir static

strains lrere greater than tne &serred strains. A neason for tlis was

tnat the trud< was ca:ried Ery the tlp raiJ.:rcad cars ard tlre static

stnains were obtai:red for ttre truck on one car.
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GBsm, u
REAIOGNDilIICIIS AND IT.TPT,EUENDEETCITS

t2.l Soft n:e Agplication.

A 15jq: ejective of tfds researdr pnoject, trls to develcp a

dnrli.s lfiictr mrld resrlt in load r:atirg for riailpad car bridges.

Ihis objective ms dtierd bry ttre de\refc;mrt, of softrate whidh aided

in tfe aralysis ard ratirgs of ttse bridEes. It is reccrmprded that

tlre softmle be usd fc tJris EurPGe' rhe amraoy of the ratirgs

have been ctreckd UV faUoratry ard field tesEs.

Field visits revealed tlat the mjcity of railrcad car bridges

. cslsi-st of hp rai1road cars plaod side by side' rhe rprm'I drivirg

lare qrsi.st of straAlirg bcth cars as crE drives aqrcs tlte bridge.

I51Evetr, tfetp a lssibiJ.ity that a netricle Ey GryJ, orE car

cn}y. Itelefore, t}le sofbane strorld be iryfmrted for eadr car us(

to qstrrrct tlre bridge. Ihe load r:atirg strculd be based on the

lcnEsrt &taird firrrn eitle car. Alsor if a spacer i.s tJsed beB€ert

tne caris, the load capacity of the spae-r shculd be dted<ed ard

crsf-rcd to t}le lod ratS.rg dtaird fi:En tIE sofErare prqfirelllEi, ard

the _.srra1ler rrah.e used.

L2.2 Unan*Frgd g.restidE.

AIt resear*r fjects bave stated goals to be etained. In ttre

pp€s of dtainirg tlese goals qrst!f,s arc gerErally raised tlrat

have rrclt been ansdeL€d. ItEe qlEEidE re'in r.narr*tered &re to

their lidted iryact cn tlre goals of tlre psject,. ltrtese qlrest'ias

sfnrld be aanressed as par{s of fuhre resardr sEdies alqg rritjl

their iryact, qt the ergire:rirg field.
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Ihe major turan*ierd qsEian in this pojecf is the betravior of

trp tailroad cars beirg bolt€d togettEr. field arrt labonatory tests

reveald tlat rtten the tfreeIs of the h:tEk yas over the inside side

siII, tlE load ms beiJrg trarmittd Uuu$rot the railroad car

AiaE. Ir mryr casies, strains EEe mas" U of geate naq1ibde in

tfte crrtside siIL tlnn in the irEide side sill wtlele t}re load was beirg

applied. qrcs{ias liJ<e ts Eurtz qrlss berc are reqrired to &ain
this actim? I$at type of qrtiats ane required? I&at is the

iryact of tJre dtectcirg? Can. thi.s actian be used in the desiqr of

bridEes sc, loads rurld be b:ansitted r.rrifomty tlm$rort the

str:rrctrre, ttus re$ltjJg in li*rter ffiers? Itee are a fan

qrEsticns, if an*ered, rrtlidr anld have an iryact .ql the firEr=.

12.3 nrainirg

ftp aleas of trainirg rEed to be a*lrcssd. Ihe first alea is

biaining tjte bridEe jr!ry*tr an ts to log ttre rcguircd infomation

reedd for the irylufiaticr of the sofErare. Eds shculd be

aoccryIished t1r tlte de\relcEnerfi.of a half-day shoL+, @ursie descibiry

tlE diffeLrrt typee of railrod car Eidges, rdlat rlaasrr€[Elrtsr rEd to
be nada, ard ts to alo'mrit, g- atsanrcd daap to t}le stnrcfrrre so

it orld be acocunted fc in tle amlysis plqre. fris strctrld be

a*lressed, fe tbe arnllcis prga is crly as good as ttre infomatisr

fd irlto it.
lrie sesd area of trainfg tltat rEds to be a*lressed strculd be

fersed qr the qfiEy judEes r,fio instalt tX"r" brjdges. Src lesssrs

re learned qt ts to iryne t}te performerres of ttese bridges irr

t}Lis sEdy. ltE field visits reve.led tiat tbe instatlatiqr of mny
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bridges 6rld be irylsrrcd. rn mrqr cases trre fcudatians ran@ fron

ercellerlt to rsr-exj-stirg. S@ friAges had guaad rails ard crtters

had rnrE. A tl:ainirg 6lrse or bolclet, strculd be C16/elcped Hhidl

Erld stness tlre irrstaltation of tlrese Ejdges so the mxjrn benefit

tcnard tne p&Iic safe,ty cculd be &tajrred rritnin tlte limited tuageE

urder liric*l ttse bridEes are srstnrted. It i.s felt tfte ccrrrrty

judEes al3 doirg ttp best f}Ey celn rgith the lirited erqirEerirg

e:rperEj.se tlEy pGsess. A @ursie or boolde,t cot1}d erpard their

lstrIedge anl, thlrs, prcdle a safer bridEe for tlre genetzl p.tblic-
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Appendix A

Survey Forms



?

NaITE

ci

1. Have ycu consider.ed r:sirq r:aihoad c€uts es slrort span bridges?

Yes

No

2. ttrave yctr r:sed r:ail:rceid ca::s for sho*, span bridges?

Yes

No Go to question L2.

HcR were ycu infonred abcf,.t the use of r.ai1r^oad cars as slrort span bridges?

Flun a frierd_
n:cm a strylier_
F)rcrn a pblished article-

Saw one j-:r place_

Otfier.

4. Hcri nrarryr railrtad car bridges do ycu have in

Hcnr nanlr of tlrese bridges a:e:

a. Sirgle span_

b. 2 span_

c. 3 or lrcre q)an_

5

ffi

6 Hcff many bridges a:e:

a. 1 car wide-
b. 2 cars wide

c. 2 cars *ia" pf,o . spacer betrreen cars-

A-i
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7 Hc,s/ many bridges have span lergt}rs (ft. ) :

0 -20 3L-35 45-50

2L-25 36-40 51-55

26 - 30 4L - 45 56 or rrrre l

Did ycu consider ttrernrc opansion joints irt tne placanent of tire bridges?

Yes

I

No

9

If

Hcrr are

a.

b.

9.

yes vfiat Qpe of joint did ycu use?

t}e ca::s fastened to the ahrffi?
Cast, irfto the cons-te aUrtnent_
Placed cnr @ of ttp ah-rffi'-
Beans wer.e notched in orrler to fit on tlre alrrtsrpnt

d. Other (oplain)

10. (a) Hrcrn vhcrn did yor prcnase the cars?

(b) Did tlrey prorride arry strtrcfu::al ilformation related to the ca::s?

Yes

No

11. Ar.e the cars:

Flat cars

Bo< cars witlr tcps rercved_

A-2

If Yes, riflat type of infonration

Otler Qrye of cars wittr sides rqrcved



L2 World a short ccul€e aiso.rssirq nEthods of car sele<tion ard installation be
r:seflrI?

Yes-
llo

13 please inclde additioral ccnnents @rcernir4J rai1road car bridges, sttdt as tlpe
of additional information reeded, reasorlsi for r:sirg t}ris type of bridge cnrer other
t1pes, etc.
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Y

I\

Yl\
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I\

L\

Y

Y

Y

Y
I

Have you considered using railroad
cars as short span bridges?

Have you used railroad cars for
short span bridges?

How were you informed about the use
of railroad cars as short sPan
br i dges?

Fr i end

Supp 1 i er
Published article
Saw one in place
0ther

How many railroad car bridges do
you have in place?

How many of these bridges are:
S ingle span

Ooub1e span

Triple span

How many bridges are:
1 car wide
2 cars wide

2 cars wide + spacer
between cars

1

Y

5

3

4

5

Y

I

:

:

4

Y

4

6

:/-+:

1)4

IJ

7 How nany bridges have
(ft. )

0-20
?L-25
26-30

31-35
35-40
41-45

45-50

5l -55
56 or mre

span 1 engths

1

I

I

;
1

r\

,,

a

N

1

1

31
,)

N
I

I

Did you consider thermo expansion
joints in the placement of the
br i dges?

How are the cars fastened to the
abutrent ?

Cast into concrete abutrEnt
Placed on top of abutment
Beams notched to fit abutment
0ther

10. Did vandor supply structural info?

Are the cars:
Flat cars
Box cars rith tops removed

0ther

I

2

:

2

:

:

;
?

N

5

N

+
11
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Have you considered using railroad
cars as short span bridges?

Have you used ra'ilroad cars for
short span bridges?

How were you informed about the use
of railroad cars as short span
br i dges?

Fr i end

Suppl ier
Published article
Saw one in place
0ther

Hor many railroad car bridges do
you have in place?

How many of these bridges are:
Singie span

Double span

Triple span

How many bridges are:
1 car wide
2 cars wide
2 cars wide + spacer
betreen cars

How many bridges have span lengths
(ft. )

0-20
2L-?5
26-30
31-35
35-10
41 -45
46- 50

5l-55
56 or npre

II

I

6
.I

I

Y

3

3

:

3

l

Y

84

5

0

3

J
6

8

;

5

:
I3'l

7

5

i
2

a

I

I

2

6
I

;
J

8. oid you consider themo exPansion
nts in the placement of the
dges?

joi
bri

NNNN

I

9 Hor arc the cars fastened to the
abutnpnt?

Cast lnto concretc abutnent
Placed on top of abutrent
Bcans notched to fit abutment'
0ttnr

10. Did vcndor supply structural info?

Are thc cars:
F lat cars
Box cars rith tops renpved
0thcr

1;

6
4

1

J i
Y

I

!

;

Y

o

;

N

6il

A-5



!
6

o
oo
L(5

c
L

E

=L

!
E
6
L
o(5

oo
E
OJ

C
oa
oEc

E
L
6
3

q

C

L
a

o
=

6o

o
E
q)

=

co

o
G-

co
cro-

c
o
a
L
o

-

I

3

Have you consjdered using railroad
cars as short span bridges?

Have you used rai lroad cars for
short span bridges?

How were you inforrned about the useof rai lroad cars as short span
br i dges ?

Fr i end

Suppl ier
Publ ished article
Say one in piace
0ther

How many railroad car bridges do
you have in place?

Hor many of these bridges are:
Singie span

Doubie span

Triple span

Yi\

N

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

Y

N

Y

Y

Y

Y

4

5

I

:

9A

Y

2

:

Y

Y

Y

a

I

!
Y

8

I

a
I

1
8

:
2?

L7

I

1

I
1
7

628

NNN

8

I

1

i
2

5

?

,_

6

18

18

6 Hor many bri
I car ri

dges are
de

2 cars wide
2 cars ride + spacer
between cars

19!1"nV bridges have span lengths(ft.)
0-20
2L-25
26-30
31 -35
35-40
41 -45
16-50
51-55
55 or npre 8

;
2
,_

;

N

I
1

'7

a61

;

4

3
5

L

10

Oid you consider thernro expansionjoints in the placement of the
br i dges?

How arc the cars fastened to the
abutrmnt?

Cast into concrete abutnrent
P laced on top of abutrcnt
Bcars notched to fit abutrnent
0thcr

Did vendor supply structural info?

Are the cars:
Flat cars
Box cars rith tops renpved
0thcr

;
?

Y

8

:

Y

:

a

I

8

1;
3

?

Y

I

Y

1

;
1

Y

2

?

,_

?

Y

6

2

2

l1
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Have vou considered using railroad
cars is short sPan bridges?

Have you used railroad cars for
short span bridges?

How were you infonned about the use
of rai lroad cars as short sPan

br i dges?
Fr i end

Supp l ier
Published article
Sar one in Place
0ther

HoY many railroad car bridges do

you have in Place?

Hor many of these bridges are:
Single sPan

Double sPan

Tliple span

How many bridges are:
I car ride
2 cars wide

2 cars ride + spacer

betreen cars

How rnany bridges have span lengths
(ft.)

0-20
2t-?5
26-30
31-35
36-40
4l -15
16-50
5l -55
56 or rcrc

t)id you considcr thenrn expansion
joinis in the Placercnt of the
br i dges?

llox are thc cars fastentd to the
abutntnt?

Cast into concrete abut[Ent
P laced on top of abufinent

Beams notchcd to fit abutnent

0thcr

lO. Oid vcndor supply structural info?

11. Are thc cars:
Flat cars
Box cars rith toPs renPved

0thcr

Y

Y

1

Y

4

Y

,)

Y

14

I

1

1275
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I

:
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Have you considered using rai lroad
cars as short span bridges?

Have you used rai lroad cars for
short span bridges?

How were you infonned about the use
of railroad'cars as short span
br i dges?. Friend

Suppl ier
Pub l ished articie
Sar one in place
0ther

How many railroad car bridges do
you have in place?

How many of these bridges are:
Singie span

Oouble span

Tripie span

How many bridges are:
1 car wide
2 cars ride
2 cars wide + spacer
betreen cars

l.lgw many bridges have span
(ft. )

0-20
2t-25
26-30
3l -35
36-40
41-45
45-50
51 -55
56 or npre

1 engths

Did you consider therm expansionjoints in the placenrent of the
br i dges?

Hor are thc cars fastened to the
abutrcnt?

Cast into concrete abutnnnt
P'laced on top of abutnnnt
Bcams notched to fit abutnrent
0ther

Did vendor supply structural .info?

Are thc cars:
Flat cars
Box cars rith tops rmved
0thcr

Y

Y

YY

ll

Y

Y

YYY

N

Y

Y

Y

Y

l\

N

Y

Y

N

N i\

:
Y

12

Y

)

Y

Y

Y

:

6
4

5
)

2
1

,_

1
2
41

1I

i

1

1

6

7

I
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1

1
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I

N N N

6

N

3
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N
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2

Have you considered using railroad
cars as short span bridges?

Have you used rai lroad cars for
short span bridges?

How were you informed about the use
of railroad cars as short sPan
br i dges?

Friend
Suppl ier
Published article
Sar one in place
0ther

How many railroad car bridges do
you have in place?

Hor many of these bridges are:
Singie span

Double span

Triple span

How many bridges are:
1 car ride
2 cars ride
2.cars ride + spacer

between cars

7. Hor many bridges have span lengths
(ft. )

0-20
2L-25
26-30
3l-35
36-40
11-{5
15-50

51- 55

56 or npre

Did you consider thenrn exPansion
joints ln the placermnt of the
bridgcs?

llor are thc cars fastcned to the
abutrrcnt?

Cast into concrcte abutlent
Placcd on top of abutnnnt
Bcens notcM to fit abutnent
0thcr

10. 0ld vendor supply structural info?

11. Are the cars:
Flat cars
Box cars rith toPs renrcved

0thcr

:
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Y

1

1

I
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2

4

1 4
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Appendix C

Loading Conditions
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4.I.3.I. LIYE LOAD DISTRIilMON - BOX CARSI

a

12,

dc

Truck Centers
b

LV lv

e

NOTE: Tlre live load ar indicated on diagram (e) may
be pbced at auy locetion between tnrck centers
which producer thc critical loading condition on
the cen'ter sill or auy other menrber.

hs

) (

15'
I

) () a) ) r(

U ( (

o7

() ()

c-1

Truck Centers
f

I

I

(

a
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4.I.3.2. LIVE LOAD DISTRIBUTION -
GENERAL SERVICE FLAT CABSI AND BULKHEAD FLAT CARS

75%

I

q0

(May be located
(anywhere on
(middle third
(between truck
(centers.

b See Note

q

9', 9

1 t

d

1.1.3.2.I. LIVE LOAD DISTRIBUTION TRAILER TRANSPORT CARSI

oo

34000

Load uniformly distribut6d across car

NOTE: Not applicable to Bulkhegd flat cars.

o

O =.--

100o/"

5500055000

\ OC

65000
H

o
c-2

SILLS

o

ct

Case 1 75% applied, on center sill

Case 2 37r/z% applied on each side sill



Ae&eistion of Anerican R^ailroads

Mechanical Division
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4.1.3.2.2. LIVE LOAD DISTRIBUTION CONTAINER TRANSPORT CARS

o
NOT IO EXCEED R TE

CAPACITY OF AXLES

4.1.3.3. LIVE LOAD DISTRIBI.MON - GONDOLA CARSI

d 9'-+- 9'-i
b

(May be located
(anywhere on middle

75% (third between
(truck center.

tt

L2' !z',
c d

Load applied on bearing piece
aar',oss full width of ear.

q

Truck Centers
e

() e)
I

(

()J I
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STBESS ANALYSIS
FLOOR CONSTBUCTION-BOX CAR

The following method of computing stress in softwood floors, stringers and crossties is

considered 
acceptable but other rational methods of analysis are not precluded.

The critical lift truck position for design of decking, stringers and crossties are shown

below'

The method as illustrated applies only to a three-stringer design when the stringers
rre eeually spaced. [n the case of unequally spaced stringers or two-stringer design,

Iaaitionat factors and considerations must be inciuded in the equations to correctly

comPute the stresses'

Decking

Stringer

Span
IA

cL

Crossbearer

LIFT TRUCK POSITIONS NO. 1A & 18
ENTERI}IG DOORWAY

CRITICAL POSITIONS FOR
DECKING AND STRINGERS

1B

Decking

Crosstie

Crossbearer Crossbearer

LIF'T TRUCK POSITIONS NO. 1A & 18
ENTERING DOORWAY

CRITICAL POSITIONS FOR
DECKING AND STRINGERS

LIFT TRUCK POSTTION NO. 2 MOVING LENGTHWISE OF CAR
CRITICAL POSITION FOR CROSSTIE

CL
:

cL

cr
cL
CarCrosstie

Crossbearer

Car

nger

CL

QrcLcL
Crosstie

I

c-4
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Railr"oad

Car Inunlcer

Bridge lftm0cer -
County

Brli:rgton Notthern

@Q 47574
cts6.Q 494L2

L99L2

Izard
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Cross Bearer
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3 0 5.7it I Beams
Stri nger

=rL-1
I

J

18" G 42.7 # S.B.C.
Side Sil'l

Z ?6" @ 41.2# Section
Center Sil I
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Car lftfitber
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Union Pacific

vt.P. 2537L7

19908

Izard

D-5



9I t-I
6

8/L rr
v-r I-I

T

U)
LLI

=(o
d

Oi
d

-
<r

J(f,

--=co <+\\.
d=H o
Ord(O

.: o o,rrr, sr

F()

F(J

tn u)

tn
v'l Y t)

oE=(U
Ur!F

(-/)
!- (-
OOJL

o
+J+rc(r, C,) +,CE.lfo(.,

5

LLL
rd.dl'r,(J(J(JF(-)

F(J

F(J

=sf
cr)

st
I

GJ

st
I

at

<r1(JF
t/,

F(/)
(t',
V'

I t.

t.
t.

tt)
I

<r

ll,
.rlltat I t,

I

I

I

I

I
r

I

I

I

+
I

I L!)

_,
C\J

I

I

I

rl

I
'i

d

=c\,

d

H
I

+

LO
I

=+
aa

Lj.)

D-6

ce
(J

F(-)

@(J

I

t
I



r

---

Cross Bearer

Cross Tie
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3"-#IBeam

Stri nger

Enci Si I I

Center Sil I
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Raih:oad

Car ln-unber

Bridge Nunber -
county

Union Pacific

M.P. L19252

1991 0

Izard
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E x 5/16 PLT

1/4 PLT

Cross Bearer

4"x8.2#ZSection

Cross T'ie

D-1 1



3"x7.5#ISect'ion

Side Sill

13
13
16

Center Sill

r
l.{
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Car lft:rnber

Eidge Nunber -

County

Norfolk Sonrthern

Scnthern 556075

20428
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S4 AT 77LAS

I rnrt r frHi< CAR

ct5 AT339

f,rrrn
jrnx rHK5

ia

Cross Bearer

ora, t
4 r.€G

TO
SFIEAFED
sf CARt2

54 AT 7.7 LEIS
czt3 AT 51.2

W6 AT 8,5 LBS

6" 0 8.5 Lbs W Section
Cross Tie

r8
THK

I

THK
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4" @ 7.7 Lbs S Beam
Stri nger

15" 0 33.9 Lbs C Sect'ion
Side Sill

13" G 51.2 Lbs CZ Section
Center Sill
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Raih.oad

Car llunber

Eidge lfimber -

Corrnty

Norfolk Scuthern

Scutlprn 550581

20428

Lee

D- 17



--T

=(o
FI\=co@
r-. \r'-
r.o

io
t:

-(ol
l.r)-'Ol
lorl

co
atn

l-

tJ1 'F
u1 iZ qt

!=oCL'ULrl F V'r-L(u(UL

o
+J+r-Cur u) +)
!L9(uo
J-J=
LLS-ro(o(o(J L) (J

LI

tl
ll
il
il

ll

I

D-18

1

I

'

I

I

1

nl

I

l

I

i

l
I

I

tl
tl
l

1l

rt

rl

1l

ll

il
lt

lt

1

i

lrl

ilr l



cAa
il

Cross Bearer
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ys,tuaet

ttc c st.rLEs

6" 0 8-5
Cross Tie
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4u07
S

.7 Lbs I Beam
tri nger

15" 0 33.9 Lbs C Section
Side Sill

E-
F

13" 0 31.8 Lbs C Section
Center Sill

D-20
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STBUCTURAL MEMBM, SPESTETCAIITONS

Raikoad Union Pacific

Car Mfitber 2537L7

D-21



SIRUCTURAL MEMBER SPECTIICEITONS

RalL::oad Union Pacific

Car }luunber 253717

D-22



SLIDING CB.IIB, SILL

T\.ro qL3 x 4L.2# IiSIA, A-441 rolled steel ze sections conformirg to AAR

reqLdrsrElts. Ttre si1I oftends ttre firll lergur of car wit]l the tlp flarge

edges conti:nrcr:sIy sr:Ixneryed arere"Ided alorg tlre centerline of the car. The

weld peneb:ation srrall be equal to or g:=ate ttran specified iJI AAR Plate 525,

Iatest resri-sion. T'ota1 section area is 24.24 square inclres. Suitable grides

are welded to tlre stidirg siII.

EDGD CEVIB, SILT.S

,I\i,o L3-L/2n x 3/8" formed z#, ASIM A-36 located each sj-de of tlre slidirq

center sil1, exterd full lerqth of car. the tcp flarge is depressed at

bolsters ard crrcssbearer:s so that bolster ard qrcssbearer top ccxrer plates are

flusfi wittr top of fixed center sill.

rcDY rcI,STER^

TVD per car, eactr consistirg of fcur web plates, 7/L6tt IXSIA, Gr 50, one top

ccver plate, 3orr x L/2" ItrSIA Grade 50, t1,o bottsr cc,\,er plates, 25tt x L/2"

IISIA, Grade 42.

Ttre @ co\rer plat€ is reinforced with tluree (3) 4" g 5.4# A-36 clranrels welded

f111l lerqth to t6p cover plate, witJr floor parels stot welded to chanrels.

Web plates on eaetr side of tlre cente sill a:e rclded to the fixed center webs

ard al€ flarged ard locldcolted to ule side silIard bottcm flarges

reinforceuerE.
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Ihe top cover plates o<terd flill width of car ard are welded to tlre web plates,

tcp flarges of fixed center silI, ard side si1ls.

the bottcrn cc /er plates exEerd fron side siII to bottcsn flarge of fixed center

si1l ard are welded to ttre web plates, fixed center si1I bottcrn flarge, ard

side siIl r.einforrcernent.

CROSSBEARMS

Four per carr each consistirg of two (2) built-r.p welded I beam sections havirg

a #4 gage (.224211) ASIM A5709 Grade trBrr web plate, 7tt x 318n ASIM A575, Gr:ade M-

1010 t p cover plate ard 7rr x 5/l6tt ASIM A-35 bottcrn cc,ver plate havirq erds

bent to form connection to side sill reilforcsrent. Top of srossbearers are

depressed to permit application of continuous floor strirger-s.

A 7fr x 3/8rr ASM A575t Grade M-1020, top tie p1ate, ard a bottcm tie consistirq

of a 7rr x 3/8tt D$72, Gr-ade 50 bar ard a I,lC8 x 18.7#, HSIA, Gr. 50, ccnplete tlre

crcssbearer construd,ion. a1I rrerftbe]:s are lock bolted toget]rer to form a

ccnplete ud-t.

Ihe c:rcssbearers are welded to tie fixed center sill ard side si1l, ard. are

secured to tie side silI rreinforcenpnt with locl< bolts.

cmsftEs

I\denty-ttro (22) per car, elenren (1L) W5 x 8.5#, HSIA Gr.ade 50 steel on eacfi

side of tlre center si11 a:re rrelded to ttre fixed center sill vrcbs ard p:ovided

wittr a 5/L6tt erd plate for lock boltect attactment to the side silI
r.einforcenent.
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FTOOR STRi}IGm^S

Fcpr 53 x 5.7#, A-36 steel, two on each side of ttre center sil1, eadr e}cterdirq

fmn bolster to bolster ard fiun bolster to erd siI1.

fhe erds of tlre strirgers are offset to fit r:rder t}re bolst€r tcp cc^/er

plates. Strirgers Erre seo.rred to bolster, erd si1ls, atrl all fuiterrcnlrq
qrcssrenbers hy weldirq.

Two additional floor strirgers as dessibed abore are used for sugnrt of the

hrll]<tread trlacl<s, one eactr side ard located adjacent to the side siIl.

FTOCIRTNG

Tlre floorirg consists of L-3/4tt thick b,y 8rr wide sncoth surface panels of

rnilable stel floor, flflI lergth of car. Each panel is attadred by weldiJrg

one side of ttre panel to tlre side siI1 ard floor strirgers. Panels are

attaclred togetlrer hryr fcur bridge welds asrcss car at eadr joint. Al1 panels to

include #5 gage erd closu:res.

SIDE SILL

I-6 x 3-L/Z x 5/L6tt argle ASIM A36 rurrairy frun erd si1I to cdnbination side

siI1 ard side sill reinforrceuent at the doorway.

SIDE STLL REINFORCB,IEX$I

L44/4n deep 5/16rr pressed argle beyord ttre ccmbiratj.on side siII ard side siII

reinforceuent at ttte dooruay.

E}ID SII,LS

I5 x 3-L/2 x S/LGtt A-36 steel argle o<tenairq frlll widti of car with the 3-L/2t'

leg amlied ver*,icalIy.
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SIRUCTIIRAL MEMBM. SFE TETCA:ITONS

Rai1road - Norfolk Scnrtiern

Car llunber - 550581
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SIJDII'IG CH.IIB, SIII

Ttre slidirq center siI} consists of two (2) A.A.R. Z-26 e 51.2 lb' H'S'S'

sections, witkr tlre tcp flarges seam welded the full lerryEh of tlre si11 on the

outside. Ttre weld peneEation will be l"OOt fuII lenqEh of ttre si1I.

lIravel of the slidirq center siII is 30rt i;r eadr di5ection.

Ihe slidirg cente siII is protected at ttre cutloard orcssbearers, bolster:s,

ard erd si1ls bry wear plates, for flrII travel of ttre slidirg center si1I. RoI-

nan steel welded in Place.

The slidirg csrter si11 sepa::ators, four (4) per car, are 3rt x 3rr x L/4rr O'H'S'

pressed arg[es, pfu:s two (2) additiornl 5/8'r O.H.S. flat plates, one (1-) at tte

rear of each set of rear d:laft gear lugs.

SIAIIOT,IARY CENIm. SILL

Ihe stationa4z center si]l consist-s of tuo (2) 13rr 0 31.8 lb., C-zOt O.H.S.

ciannels, ZZ-L/Bn apart, ortenairq fron erd siIl to erd siII. Itre two (2)

ctrannels are tied @ether with a 25tt x L/4tt H.S.S. top ccnrer plate e)'rEenairq

between bolster:s, ard fncnr bolsters to end sills.

A stationary center sil1 tie assembly is plrovided urder ttre slidirq center

siI1,

plates

Iocatcd cutboard of tlre cente tine of the bolster, ptotected by wear

Slidirq center siII guides a:re ruelded to ttre stationarlr center siI1 at the

bolsters,clrcssbaa€rs,statiorurlrcerrtersilltieassembly,ardfloorbeam
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eadl side of ttre latitr:dilal center line of the car, gauged to assure free

nxanernent of ttre slidirg center si1l.

rcDY MI,SIERS

rhe body bolsters, two (2) per car, are brrilt-r-p welded design.

The body bolster top ccnrer j-s a 30rr x 3/4tt H.S.s. plate ortenairg in one (I)

piece cnrer ttre center si1l between side si1ls with 3/t6n o.H.S. filler welded

to the tcp flarge of each stationarY center si1l channel.

the body bolster bottcm cc,ver is a 30" x 3/4" H.s.s. plate, without tatr=r,

e>rterdirq frcsn the bortton flarge of tlre statiorn4r center si1l channel to the

side silL reinforcqrent.

The body bolster w# a:re 3/8" H.S.S. el<tendiry between the body bolster top

cc,ver, body bolster botton cover, stationary center si11 channel web to the

side siI1 r.einforcernent. Ihe body bolster webs arre flarged 9Oo outr,ar:rl of tie
bolster center line to rivet to ttre side siIl reinforeenent, ard a:rc welded to
the @ ard bottsr cover plates arxi to ttre statiornry center siI1 channel web.

The body bolster bottcm cover is add.itiornlly stiffened at ttre targent of tkre

body borster corftour in tfie botton @ver W 3/8" H.s.s. stiffeners.

The body side bearirg braces are 5/L6tt H.S.S. fuve*ed rltJrr sections e)fterdiry
between body bolster webs, welded tlrereto ard to ttre body bolster bottffr cc /er.

CROSSBEARERS

Ihe czossbearers, fcur (4) per car, arre built-tp welded constrtrction with ya"

D-28



O.H.S. web plates g><Eemirg between ard welded to tlre stationarT center sill

web, tlte side coru:estion plate, ard the top ard bottsn cc^/er plates'

Ihe qrcssbearer trp cover plates are 7rr x 5/L6tt O.H.S. e*ernirg between ard

welded to the side sill ard tne tql flarge of the stationarlz center siI1,

contcrJr€d to Perrdt tlre floor strirqers to pass over the ccver plate'

Ttre qrcssbearer bottsn cc,ver platE alre 7rr x 5/L6tt o.H.s. s. O<terdirg between

ard welded to tne side connection plate ard tlre bcrttcm flarge of the statiorary

center si11.

Tlre clrcssbearcr side connection plates are 7tt x 5/L5tt o.H.s. welded to the

crcssbealrer vrcb ard bottcm cc,ver plate ard riveted to t-i.re side siI}

reinforeerent.

The orcssbea:rer bottcrn cover ptates are joiled togettrer, only on the

c:lrcssbearers adjacent tlre bolsts:s, bY a 5/L6tt pressed channel wittt a 6rr x

S/L6n reinfoncerent closure pIate. The crcssbearer bottcEn ccver plat€s of the

ca.ossbearetrs adjacent the latihdinal center line of the car are johed

togetlrer bY the base plates of ttre cr:strion gear stcps'

FI.@R BEAT4S

Sjx (G) per car, 6r e 8.5# CRT-6 sectiors, Rr1unarFstardard Specification No.

526, welded to tlre side siII reinforcerent ard ttre stationary center siII web'

FTOOR STRT}GMS

Ttrere a:re six (5) strirgers per car, tnr€e (3) eactr side of tle centen siII

consistirq of the follcruirg:
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Tlre otrtlcoarrl strirqer adjacent tlre side si1l is a 4,r g l.z rb., 8-16 tullman

Spec. 526 l-Beam e>fterdiry f:sn boLster to bolsEer.

The tuo (2) hboard strirgens adjacent to ttre stationarlr center si1l are 4'r 0

7.7 1b., 8-16 R[Iman Spec. 526 I-Beam e>fternirq fr.cm floor beam not to
bolster to floor bean ne:ft, to bolster.

rhe tlro (2) i*oard strirgers adjacent to ttre stationarlr center silI are 3" 0

7.5 1b., B-1-7 H.S.S. I-Beams extenairq fncm floor bearn ne>fr, to bolster to
bolster.

The cnrtboard strirqer adjacent tlre side si]1 is a 3r' e 7.5 lb. B-17 H.S.S. I-
Bean exterxiirq f:sm bolster to erd siII.

STDE STIJS

6rf x 6'r x 3/8tt D(-ten 5o rolled argre e).terdirq frqn erd to enl of car.

SIDE STLL REINFORCEIImI.I

the side siLl is reinforced by a 15rr e 33.9# cfrannel hisl strerqth steel welded

to the urderside of the horizontal flarge of ttre side siLl argle. Tlre

reinforesrent efterds fr.crn erd si1l to end silI ard is fistrbelly shaped.

D-30



SIBUSIURAL MEMBER SPEqIETCAf,IONS

Railrrcad - Norfolk Scuttern

Car lft-unber -556075
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CEN'IER SILL

The center si11 consigts of two (2) per car, qr3 x 5L.2 (H.s.s.) copper

beariJg steeI,A.A.R. 2-26 center sil-1 sections exterrlirg between stri;<ers a16

welded fte ftLIl lergEh of tlre si11 at the jrrnction of tlre toe horizontal
flarges. Itre weld peneb:ation is l-00? fifl1 lergth of ttre center si1ls.

rhe center si1I seln::ators, six (G) per car, are 5/l6tr (ps-526) pressed ru[

sections, welded to tlre center siI1 webs, located at tlre floor bearrs, plr.s four
(4) additioral L/4" (Ps-525) flat plates welded to ttre center si1l wbbs,

located at the czpssbearers.

MDY rcI.sIMS

the body bolsters, two (2) per car, are txrilt-r.p welded constnrction.

rhe body bolster tcp cc,ver is a 30, x 3/4" (H.s.s.) copper beariry plate
exbrnirq iI one (1) piece cnrer the center sill between side sills.

The body bolster top ccnrer plate is reinforced by two (2) pressed channels,

L/4" (H.s.s.) copper bearirg, L-g/L6n hi$r, 4" wide, one (1) lrcated at each

body bolster web, welded to tlre top of trre ccxrer plate.

The body bolster bottsr cover is a 30, x 3/41, (H.s.s.) copper bearirg plate
o<temirg fisn tlre bottcrn flarge of tlre center si1I to tlre side siIl
reinforcenent.

the body bolster borEtcrn cover plate is stiffened at eactr berd point, iriboarri

ard ortlcoarrt of the body bolster webs tlr 3/8tr (H.S.S.) ryer bearirg plate
gt:ssets.
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Ttre body bolster webs are 3/8" (H.S.S.) copper beariJg oternirg betrween the

bodybolstertopccxrer,bodlrbolsterbottomcc^/er,ardcerrtersillwebtotie

side si11 reinforcenrent. The body bolsEer webs are welded to tlre side still

rejnfoncenent, ard tlre try ard bcttcrn cc /er plates ard. tlre center siII web.

The 4rr dianeter access hole irr the body bolster web is reinforced with a 4rl

dianeter stardard blad< PiPe.

Ttre body bolster bottsn cc,ver plates al€ joiled togettrer W a 7/L6tl

(H.S.S.)cryer beariry sole plate welded to tlre body bolster boitcun cover

plates.

ltre body side bearirq braces are L/2" (H.S.S.) copper bearirq iIvelt€d rfurr

sections e<ter6irq between body bolster webs, welded tlrereto ard to the bod

bolster bottsn ccver.

CROSSBEARffiS

Ihe crrcssbearers, fcntr (4) Per car, are built{-p wel&nenLs witir a 1rl4" (H.s's')

ccpper bearirg web plate e*emi.rq between ard welded to the center si11 web

ard side connection pIate, ard tlre tcp ard bottfft ccver plat€s' The

orossbearer tcp ccver plate is reinforced by a L/4" (H.S.S.) copper bearirq

g-rsset q,hicft is welded to ttre side sill reinforcsnent, tcp cover plate, ard tjle

side silI.

The qrcssbea:rer @ ccnrer plates are 8r x 5/L6tt (H.S.S') ccpper bearirg bars

e*erg.:.rq between ard welded to ttre side connection plate ard tlre top flarge of

the center sil1, contcn:red to permit tlre floor strirgers to pass over the cc've
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rhe orcssbearer bottcm cc,ver plates are 8rr x 5/L6n (H.s.s.) copper bearirg bar:s

elterdiry between ard welded to ttre side connection plate ard to tlre bottcrn

flarge of tlre center sil1.

The crrcssbearer side connection plates are 8r x S/L6il (H.s.s.) copper beariry
bal:s, welded to tlre cl:ossbearer web arrl bottcrn cc,ver plate arrl riveted to tlre
side sil1 reinforcenent.

Tlre Qrcs-sbearer bottqn cover plates are joined togetlrer by a gr x 5/L6t,

(H's'S') copper bearirq plate welded to tlre bottcgn center si11 flarges ard gre

center sil1 sepa::ator.

FTooR BEAI,IS

rtrere are six (5) per car, 6'r x 8.5# w-6 sections (H.s.s) copper bearj-lxg bean,=

welded to the side silI neinforceurent arrl tlre center sill web.

FIOOR SIRNIGMS

There ane six (6) floor strirgers per car, three (3) each side of thre center
si-11, consistirg of tlre follcwirg.

rhe cnrtloard strirger adjaent to the side si1l is an s4 x 7.7 (H.s.s.) copper
bearirq r-Bean extentirg between bolsters ard an s3 x 7.s (H.s.s.) copper

bearirq f-Beam frun the bolsters to tfie erd sil1s.

rhe niddle strirger ard the ilboanr sfuirger adjacent to the center si1l are s4

x 7'7 (H's'S') I-Bean otrenfiry bebreen ttre floor beang adjacent to the
bo1sterc.
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The sErirqers trEss c,ver ttre top of tlre crossbearers ard floor beams ard ar<

welded to tie r:rderfrarrE crrcssnernbers.

In ttre vfueel €lre.ls, tie floor is srryported between tlre center siII ard the

cut;coarrl strirgetrs W 3/8" (H.S.S.) pressed plates whidt exterd fiicnr the floor

beams to the bolsters ard fi:crn the bolsters to t}te erd siIIs.

SIDE SILL

Ttre side siI1s, ttlro (2) per cErr, al:e 5rr x 4rr x 5/t6tt (H.S.S.) ccpper beariry

r:o11ed argtles, erd silI to erd siII. Ttte 4rr vert,ical. leg of tlte side silI is

sfreared to 3-L/Zt' to pncnride for suitable weldirg corditions at tlre side sheet

ard side si1I lap joint.

SIDE SILL REINFORCEMB.II

Ttre side sill is contirruously reinfor.ced between erd siLls by a C1-5 x 33.9

(H.S.S.) ccpper bearirq r.olled channel with a reduced depttr of 5-L5/A6rr in the

bolster area to the erd of thre car. Ihe reinforncement is welded to the bottom

of ard flush witlr tlre side siI} argle on bottt sides (heel ard toe) th:rcu@ tie

doorway ard tvlo feet (2r-grr1 beyord each door post, ard is attached to the

crcssbearers witi htrcklcolts ard welded to tlre floor bearc ard body bolsters.

Ihe side siII reiaforcerent taper:s in the bolster al€a with ttre apprcpriate

ancunt of web rspved ard bottsn flarges rreforned ard L,e1ded.

EIID SILIS

lhe erd sills are Grr x 3-L,/2tt x 5/L6tt (H.S.S.) coper bearirq rolled argles

txrtt+,p1ded to ttre steel erd bottcm slpet.
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Load Positions

Table E-1
Si ngl e Axl e Loadi 4g Resu'lts

With E=29x10" psi

Center Line
6789 l3 15

Center line of caf
Center of car anaiYsis
Measured
% 0ifference

l/4 point analYsis
Heasured
% Difference

l/3 point analYsis
Me as ured
% Di fference

Edqe of Car (West)
Anai ys i s
lleas ured
% Difference

i/4 point analYsis
Heasured
% Difference

t/3 point analYsis
f'teasured
% Ci fference

Edqe of Car (East)
Center of car analYsis
Measured
% 0i fference

1/4 point analYsis
He a s ured
% Di fference

l/3 point analYsis
l{easured
7. 0i fference

316
?97
6.4

158
145

9

158
155
i.3

146
139

I

238 238 246
225 240 222
5.8 -0.8 10.8

318
289
l0

317
289
9.7

zL6
l8l
19.3

2t6
r76
22.7

288
?61
10.3

315
304
3.9

316
313

I

288
258
ll.5

312
296
5.4

34?
334
2.4

312
294
6.1

237
233
1.7

?.16

190
13.7

144
129
I i.5

158
t47
7.3

158
155
1.9

144
i3l
9.9

144
117
23. I

158
137
15.3

3i6
296
6.8

316
301

5

287
?45
17"i

365
343
6.7

398
352
13. I

398 356
385 346
3.1 5.8

237
zl6
9.7

409 447
398 4lI
2.8 8.8

2t6 237
19s 230
10.8 3

287
249
15.3

447 409
427 380
4.7 7.6

144
112
28.5

197
I73
13.9

?32
l9l
2t .5

318
3i2
I.9

444
434
2.3

444
419

5

53I
436
21.8

257
?27
13.2

3I7
293
8.2

317
332
-4.5

238
237
0.4

339
335
0.9

?42
232
4.3

389
371
4.9

184
16s
Il.5

l4l
I21
15.5

158
150
5.3

t47
ll4
28.9

241
212
13.7

317
292
8.5

317
314

I

333
291
14.4

299
?71
10.3

395
350

10

395
390
1.5

443
434
21

238
195
zz.l

197
155
19.4

531 444
471 415
t2.7 7

444
448
-0.9

317
310
?.3

?94
70

?57
tta
t4.2

t42
120
18.3

316
293
7.8

?32
t92
20.8

389
353
10.2

339
328
3.4

t47 158
It5 I23
26.7 28. s

242
219
10. 5

246
2r9
12.3

238 238
230 ??4
3.5 6.3

184
159
15.7

145
137
b.o

ls8
I47
7.5

t58
149

6

t42
121
17 .4

317
302

5

443
4t7
6.2

396
354
1l .9

395
400
-l

299
?6?
14.1

I4t
ul

27

333
289
15.2

241
200
20. 5
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Table E-2
Single Axle Loading Resuits

With E=30x10o psi

GAUGF POST TTNN

1/4 Point Center Line
Load Positions 123 67891213 15

Center I lne of caf
Center of car anaiYsis
Itleasured
% 0i fference

1/4 point analYsis
Measured
% Di fference

l/3 point analYsis
l,,leasured
7o Di fference

Edoe of Car (t/est)
Anai ys i s
Measured
% 0ifference

l/4 point analysis
Measured
% Difference

l/3 point analysis
Measured
% Difference

Edoe of Car (East)
Center of car analYsis
l,leasured
% Di fference
'll4 poi nt anal ys i s
Measured
% Difference

l/3 point analysis
Measured
% Difference

209
l8l
15.5

??9
?t6

6

395
398
-0.8

432
411
5.1

432
427
t.2

278
261
6.5

305
304
0.3

305
313
-2.6

?78
258
7.8

330
334
-1.2

30?
294
2.7

209
195
7.?

209
190
l0

r39
129
7.8

153
147
4.1

153 I39
155 131
-1.3 6.1

209
176
18.8

395
380
?o

302
296

2

234
232
0.9

139
It7
I8.8

r53
137
u.7

139
1I2
24.1

278
?49
I1.5

305
301
1.3

278
?45
13.5

354
343
3.?

385 385 354
352 386 346
9.4 -0.3 ?.3

429
419
2.4

307
332
-/.5

306
297

3

l9l
r73
I0.4

230
?37

-3

?2s
l9I
17.8

429
434
-1.2

513
436
t7 .7

?48
?27
9.3

328
335
-2.4

376
371
1.3

177
155
7.3

230 238
240 222
-4.2 7.?

137
t20
t4.2

153
145
5.5

153 l4l
156 139
-1.9 i.4

306
314
-2.5

383
360
6.4

4?8
434
1.4

135
l2l
12.4

153
150

2

t42
114
24.5

233
2t2
9.9

306
292
4.8

322
291
10.7

225
t92
17.?

230
195
17.9

191
155
15.8

513
471
8.9

429
415
3.4

4?9
448
-4.2

306
293
4.4

307
310

-l

307
294
4.4

376
353
6.5

328
328

0

234
219
6.8

238
219
8.7

230 230
230 224

0 2.7

177
159
tt.3

141
137
2.9

153
147
4.1

i53
i{9
2.7

137
l2I
13.2

t42
ll6
22.4

153
123
24.4

136
Iu
22.5

322
289
1l .4

306
302
1.3

305
?99
5.9

233
200
15.5

428
417
t.o

383
354
8.2

383
400
-4.3

289
?62
10.3

229 229
?30 233
-0.4 - I .7

30s
?96

3

230
225
2.2

307
293
4.8

289
27r
6.6 8

383
390
-1.

308
289
6.6

248
?25
10. 2

E-2
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Table E-3
Single Axle Loadi!9 Results

With E=31xI0" psi

Load Positions 123678912i314i5
Center I lne of caf
Center of car analYsis
l,leasured
T.0ifference

l/4 point analYsis
l''leasured
7. 0ifference

1/3 point analYsis
Measured
?i Di fference

Edqe of Car (llest)
Anal ys i s
Heasured
% 0ifference

l/4 point analYsis
l{easured
% 0ifference

l/3 point analYsis
I'leasured
% 0ifference

Edqe of Car (East)
Center of car analYsis
Measured
7 D i fference

I/4 point analYsis
Measured
% 0i fference

l/3 point analYsis
l.leasured
7. 0i fference

292 320
296 334
-1.4 -4.2

135
ll7
15.4

148
137

8

l3s
112
20.5

?59
245
9.8

342
343
-0.3

373
385
-3.4

5+t
346
-T,?

?02
t8I
ll.6

222
215
2.8

202
176
14.8

418
411
t.7

418 382
427 380
-2.t 0.5

259
tol
3.1

296 296
304 313
-2.6 -5.4

?69
258
41

202
195
3.5

134
129
3.9

148
147
0.7

148
155
-4.5

134
13i
)1

382
398

-4

I

292
294
-0.

222 222 202
230 233 190
-3.5 -4.7 6.3

269 295 295
249 ?96 301

8 -0.3 -2

298
312
-4.5

373
352

6

184
173
6.4

223
237
- 5.9

217
r9t
13.6

415
434
-4.4

415
419
-t

495
436
13.8

240
227
5.7

?97
332
-tl

227 317
232 336
-2.2 -5.7

354
371
-1 0

t7?
165
4.?

222
225
-1.3

?22
240
-7.5

133
120
10.8

148
i45
)1

148
155
-5.1

136
139
-2.2

132
l2l
9.1

137
tI4
20.2

226
2t?
6.6

?96
292
1.4

296
3t4
- 5.7

3u
29t
6.9

371
350
?1

297
?93
1.4

?95
297
-0.3

231
222
4.1

148
150
-1.3

280
271
3.3

371
390
-4.9

415
434
-4.4

?17
L9?

13

z?3
195
14.4

184
165
It.5

495
47t
5.3

415
415

0

415
448
-7 .4

298
289
3.1

297
3t0
-4.2

240
,)t

?96
293

I

415
417
-0.5

t9t
?94

I

364
353
3.1

317
328
-3 .4

227
219
3.7

23t
219
5.5

222 222
230 224
-3.5 -0.9

t72
159
8.2

136 148
137 147
-0.7 0.7

148
149
-0.7

i33
L1!
9.9

371
354
4.8

371 280
400 262
-7 .3 6.9

137
ll5
18. I

132llt
18.9

3t1
289
7.6

148
t23
20.3

296 296 ?26
302 ?89 200
-2 2.4 13

E-3



Table E-4
Si ng1 e Axl e Load'iDg

With E=32x10o r

Resul ts
ps'i

Load Positions t?3678912131415
Center line of car
Center of car anaiysis
Heasured
% Di fference

l/4 point analysis
I'leasured
% Di fference

l/3 point analysis
l'|easured
% Difference

Edoe of Car (West)
Anai ys i s
l,leasured
7. Difference

195
I81
8.3

215
2t6
-0.5

195
176
u.4

405
411
- I.5

405
427
-5.?

370
380
-2"6

261
?61

0

285 ?86
304 313
- 5.9 -8.5

261
258
t.?

283 310 283
296 334 294
-4.4 -7.2 -3.7

195
195

0

215
230
-6.5

215
233
-7 .7

195
190
2.5

130
t29
0.8

t43
t47
-2.7

143
155
-7.7

370
398

-7

130
ll7
ll.l

143
i37
4.4

130
lt2
r6. I

261
249
4.8

286 ?86
296 301-3.4 -5

261
?45
5.5

331
343
-3.5

351
352
2.5

130
131
-0.8

361 331
386 346
-6.5 -4.3

402
434
-7.4

l/4 point analysis
Heasured
% Difference

179
173
3.5

216
237
- 8.9

2t0
l9l
9.9

289
3t2
-7 .4

402
434
-7.4

402
419
-4. 1

481
436
10.3

233
227
2.5

?87 ?87
293 332-? -14

281
?97
-3.4

352
371
-5.I

128
t20
6.7

143
145
-l.4

143
155
-8. 3

'I 1)

139
-5

128
r2l
5.8

143
150
-4.7

133
Il4
16. 7

219
?t2
3.3

287
314
-8. 5

302
?91
3.8

271
271

0

359
350
-0.3

359
390
-7 .9

210
192
9.4

216
195
10.8

I79
i65
8.5

481
471
?.1

402
415
-3. I

402
448
-10

220 307
232 336
-5.2 -8.5

352
353
-0.

l/3 point analysis
l,'leasured
% 0ifference

Ldqe of Car (East)
Center of car analysis
I'leasured
% 0ifference

l/4 point analysis
lileasured
% 0ifference

l/3 point analysis
Measured
% Difference

289
289

0

287
293

'a

287 287 233
310 294 ?25
-7 .4 -2.4 3 .6

307 ?20
328 2t9
-6.4 0.5

223
2t9
1.8

215
230
-5.5

215
?24

-4

155
159
4.4

132
137
-3.6

143
r47
-1.I

143
i49

-4

t28
r2t
5.8

133
ll5
14.7

143
123
16.3

r28
1ll
15.3

3

302
289
4.5

287 287 219
302 289 200
-05 -0.7 9"5

402 359
4t7 354
-3.6 t .4

359
400
-10

271
262
3.4

E-4

166 215 215 223
155 225 24A 222
0.6 -4.4 - t0 0.5

287
292
-1.7



Table E-5
Tandem Axle LoadiDg

tJ'ith E=29xl0o
Resul ts

psi

i/4 Point Center Line
r23 6789 L? I4 5

Load Positions

Center line of caf
Center of car anaiYsis
Measured
7. Di fference

1/4 point analYsis
l,leasured
% D i fference

1/3 point analYsis
Heasured
% Di fference

Edqe of Car (lllest)
Anai ys i s
Itleasured
% 0ifference

1/4 point analYsis
I'leasured
% Di fference

l/3 poi nt anal Ys i s
Measured
% Di fference

Edoe of C=ar (East)
Gnter of car anai Ys i s
I'le a s ured
' Di fference

l/4 point analYsis
Heasured
% 0 i fference

l/3 point analYsis
Heasured
7 0i fference

2?8 250 228
193 223 185
18. l 12.1 23.2

376
343
9.5

78i 587 687
548 651 585
20.5 5.5 0.3

528 501
444 490
18.9 ?.2

342
295
15.9

375
349
7.4

342
290
l7 .9

631 691
554 555
13.9 5.5

691
575
2"4

456
418
9.1

500
504
-0.8

531
s90
6.9

500
488
2.5

455
42?
o1

467
4ll
13.6

513
486
5.5

467
408
14.5

342
290
17.9

376
348

I
342
283
20.8

228
194
17 .5

2s1
?20
14. I

251
231
8.7

)74
197
15.7

455 500
384 477
18.5 4.8

500
491
I.8

455
408
1l .5

555
504
10. I

606
554
9.4

540
?.8

606
600

I

311
290
7.2

377
383
-1.6

369
320
15.3

406
370
o7

502
470
6.8

502
534

-5

502
493
1.8

368
338
8.9

564
498
13.3

290
253
14.6

377
337
11 .9

377
358
5.3

392
331
18.4

224
184
2t.7

251 251
?t9 236
14.6 6.4

23r
211
o(

222
197
t2.7

251
243
3.3

232
189
22.8

382
342
1l .7

501
473
5.9

501
511

-2

528
473
11.6

455
425
7.3

604
6i8
-2.3

369
309
19.4

377
315
i9.7

311
267
16.5

495
442
t2

502
471
6.6

502
491,),

502
+t a
6.4

106
JoZ.
1) 2

508
477
6.5

392
328
r9. 5

377
345

9

377
335
t2.?

290
239
21 .3

231
204
r3.2

251
?2r
r3.6

251
224
l, I

224
tol

2?.4

?22
182

2?

501
476
5.3

382
337
13.4

657
595
10.2

604
602
0.3

459
q5L

6.3

495 687 687
467 694 651

5 -l 3.9

781
720
8.5

508
495
2.6

604
s68
6.3

557
631

554
473
19.?

232 251
189 201
22.8 24 .9

368
318
15.7

604
558
8.2

E-5



Table E-6
Tandem Axle Loading Results

W'ith E=30x10o ps i

I/3 Point
Load Positions 89 12 13 14 1523
Center I ine of car
Center of car analYsis
Measured
% Difference

l/4 point analysis
Measured
% 0ifference

1/3 point analysis
I'leasured
7. 0i fference

Edqe of Car (West)
Anal ys i s
lleasured
% Difference

l/4 point analysis
Measured
% 0ifference

l/3 point analysis
I'leasured
7. Difference

Edoe of Car (East)
Center of car analysis
Itleasured
% Di fference

l/4 point analysis
I'leasured
% 0ifference

l/3 point analysis
Measured
% 0ifference

330 363
295 349
11.9 4

330
290
13.8

610 668
554 655
lo.t 2

668
575

-1

610
590
3.4

440
418
(1

440
4??
4.3

451
4lt
9.7

45I
408
10.5

331
290
t4. I

33r
283
l7

?20
194
13.4

?42
220

10

242
231
4.8

??0
197
11.7

220
193
l4

242
??3
8.5

220
185
I8.9

440
384
14.5

484
477
1.5

484 440
491 408
-1.4 7.8

537
504
6.5

586
554
5.8

586
600
-)1

484
488
-0.

583
558
?.6

o

484
504

-4

243
236

J

363 353
343 348
5.8 4.3

495
485
2.1

301 364
290 383
3.8 -5

354
320
10.5

478
467
?.4

554
594
-4.3

654
651
0.5

755
720
4.9

485
470
3.?

393
370
6.?

?24
?04
9.8

537
540
-ni

485 485
534 493
-9.? -1.6

393
36?
8.6

J5b
338
5.3

492 5d5
495 498
-0.6 9.4

281
253
ll.l

354
337

8

364
358
1.7

379
331
14.5

?t6
184
17.4

243
219
l1

?24
21I
6.2

2ls
t97
9.1

242
243
-0. 4

22s
189

t9

359
342
7.9

484
473
2.3

484
5ll
- 5.3

510
473
7.8

444
425
4.5

635
631
0.6

s83
618

354
309
14.5

364
315
I5 .5

301
267
12.7

755
548
16. 5

478
442
8.1

485
471

3

485
49i

485
47?
2.8

554
651

2

654
685
-3.

364
336
8.3

545
473
15.2

492
477
3.1

355
318
lt.9

379
328
15.5

354
345
5"2

281
239
17.6

?43 243
2?t 224
10 0.4

?t5
183

18

??5
189
l9

242
201
?0.4

215
182
18. r

510 484 484
444 490 476
14.9 -r.2 | .7

369
337
9.5

2t6
596
-54

248
558
-56

248
602
-59

224
43?
-48

E-6



Table E-7
Tandem Axle Load'ing Results

tl'ith E=31xl0o ps'i

9 t? 14 i5
Load Positions

Center I ine of caf
cEi6Ji car analYsis
Measured
% Di fference

l/4 point analYsis
l'teasured
% Difference

1/3 Point anaiYsis
l,'leasured
91 0i fference

Edqe of Car (l"lest)
Anal ys i s
measured
7. D i fference

l/4 Point anaiYsis
l.leasured
% 0i fference

l/3 Point analYsis
Measured
% 0i fference

Edoe of Car (East]
Center of car ana lYs l s

He as ured
% D i fference

l/4 Point analYsis
Me asured
% Di fference

l/3 Point analYsis
Heasured
% Di fference

3

320
295
8.5

351
349
0.6

320
290
10.3

590
554
6.5

320 352
290 343
i0.3 2.6

647 647
655 575
-t.? -4.1

590
590

0

468 4?6
491 408
-4 .7 4.4

643
651
-2.7

469 494
511 473
-8.? 4.4

353
336
5.1

4?6 458 468
418 488 504
1.9 -4.1 -7.1

426
422
no

436
411
5.1

480
486
-1 )

436
408
5.9

352
348
1.1

zl3
194
9.8

?34
231
1.3

tI5
197
al

?34
?20
6.4

320
283
LJ.

555
558
1.3

2r3
193
10.4

234
223
4.9

213
185
15. I

425
384
10.9

458
477
-1.9

519
504

519
540
-3.9

fo/
600
-5.5

353
383
-7.8

345
320
7.8

463
467
-0.9

543
694
-7 .3

730
720
1.4

557
554
2.3

291
290
0.3

10^

362
5

344
338
1.8

475
495
-3.8

5?7
498
5.8

27t
?53
7.I

353
337
4.7

353
358
-l.4

356
33I
10.5

210
184
14. i

235
219
7.3

235 ?16
?36 ?rt
-0.4 2.4

208
197
5.5

234
243
-3.7

2t7
189
14.8

357
342
4.4

430
425
1,

565
568
-n t

s65 614
618 631
-8.6 -?.7

469
473
-0.8

345
309
11 .7

353
315
12. 1

29l
?67

9

730
648
12.7

543
651
-t.2

643 453
585 442
-6. I 4.8

469
471
-0.4

470
491
-4.3

470
472
-0.4

527
473
ll.4

356
328
l1 .6

353
345

2

271
239
13.4

216
?04
5.9

235
?21
6.3

235
224
4.9

210
183
14.8

476
477
-0.2

344
318
8.?

217
189
14.8

234
201
16.4

208
182
1{.3

357
337
5.9

514
595

J

555 430
60? 432
-6.1 -0.5

494 459 459
444 490 416
11.3 -4.3 -l.s

E-7

380 470 470 459

370 470 534 493

?.7 0 -12 -4.9



Tabl e E

Tandem Axl e Load
lrJi th E=32x1

g Resul ts
psi

-8
in
06

Load Positions t23
Center Lineffis114 Point

15

Center line of car
Center of car analYsis
Measured
% Difference

l/4 point analysis
Heasured
% Di fference

l/3 point analysis
Itleasured
% 0i fference

Edqe of lar -ll,lesl)
Anal ys i s
Measured
% Difference

l/4 point analysis
l,leasured
7, 0i fference

l/3 point analysis
l,,leasured
% 0ifference

Edqe of Car (East)
Cent,er of car anaiysis
Measured
7, 0 i fference

l/4 point analysis
I'leasured
% 0i fference

l/3 point analysis
l,leasured
% 0ifference

310
295
5.1

340
349
-2.5

310
290
6.9

572
554
3.?

626 626
555 675
-4.4 -7.3

572
590
-3.1

413
418
-t.2

454
504
- 9.9

413
42?
-?.t

423
411
2.9

455 423
486 408
-4.3 3 .7

310
290
6.9

34r
343
-0.6

341
348

-2

310
283
9.5

207
194
b./

227
?20
3.2

227
,1'l
4J I

-1 7

207
197
5.i

206
193
6.7

?27
223
1.8

205
r85
11 .4

413
384
7.6

453
477

-5

453
491
-7.7

413
408
t.?

503 549
504 554
-0.2 -0.

549 503
600 540
-8.5 -6.9

28?
290
-2.8

342
383
-lt

334
320
4.4

623
694

I -I0

707
720
-1.8

368
370
-0.5

455
470
_7. 

'

455
534

623
661
-5.7

333 451
338 495
- I .5 -5.9

5lt
498
2.6

34?
337
1.5

?03
i84
10.3

?27
219
3.7

?27
236
-3 .8

454
488

-7

9

448
467
-4.

263
253

4

455
493
-7. 7

342 355
358 331
-4.5 7.3

2i0
211
-0. 5

595
631
-3.7

202
197
2.5

?27
?43
-6.6

2ll
189
It.6

455
473
-3.8

479
473
1.3

416 547
425 558
-?.1 -3.7

547
6t8
-tz

345
342
t.?

455
5ll
-11

334
309
f.i

342
315
8.6

t6t
267
5.6

707
548
9.1

623
651
-4.3

623
585
-ot

448
442
1.4

455 455
471 491
-3.4 -7.3

5ll
473

8

451
477
- 3.4

333
318
4.7

3s5
328
8.2

342 342
345 336
-t.2 1.8

263
239
l0

210
204
2.9

?27
221
?.7

,r7
224
I.3

2lt
189
It"6

227
201
12.9

202
182
lt

479
444
7.9

455
490
-7. I

455
476
-4.4

346
337
?.7

595 547
595 558
-0.? -2

203
183
10.9

547 416
60? 43?
-o I -? 7

E-8

,Ei 140
IJJ JVg

47? 36?
_2 A I 7
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Table E-9
Centered Single Axle
Loaded at Sect'ion A-A

,A

A-aFiTU e

3

B
t-

LII'vuoe
A

Heasured Strains 10-6

Secti on A-A

Anai Ys i s

Heasured

% Di fference

Section B-B

Ana'lysi s

He asureci

" 0i fference

Section C-C

Anai ys i s

tleasured

% Difference

283

195

230 I,JJ i90

L.9

130 1 43 143 130

I29 147 155

0.8 ?.7 -7.7 -0.8

rr1

?

310283

334?96

-7.2-4.4

215215195

10q

6.50

E_12

I

i
I

I

294 I

-? 7 I

-7.7 \ I

I
I

I

I



Table E-10
Centered Single Axle
Loaded at Section B-B

BC nLr'- gt
t\,9

I95

176

B

B

,A
I

I

F
A

Measured Strains i0-6

Secti on A-A

Anaiysi s

Measured

% 0'ifference

Section B-B

Analysis

Meas ured

% 0i fference

Section C-C

Analys'is

Measured

% 0i fference

398

405

+.1 1 427

-5.2

-8"6

370

380

261

258

t.?

57. i961
l

I

216i81

-0.58.3

370

-1 E

286286261

313304261

5.90

E- 13

I

I tt.+ i

I

i I

-7i I

I I

I

I

I ros

I



Table E-11
Centered Singie Axle
Loaded at Section C-C

BC
rB
I

7 C B

130

i12

16.1

T

301 245

5 6.5

331 361 361 331

343 3s2 385

-3.5 2.6 -5.5 -4.3

346

rA-r U F U rL T

A .B

Measured Strains 1C-6

Secti on A-A

Anaiysis

Measured

% 0 i fference

Section B-B

Anal-vsis

l4e a s ured

9,'. 0i fference

Section C-C

Analysi s

Measu red

% Di fference

I
I

130 i43

117 I 3 7

11.1 4.4

26t I zas

I

l
?49 2 95I

l4.8 3.4

E- l4

I

I

n__fl

?61

nn
u u

I

I

I

I i

286



Table E-12
Single Axle at Ed

Loaded at Sect'ion
eg

A -A

BC

ts

B

A

A

 t-iFUT\.
LII\,V

352

F

Measured Strains

Sectron A-A

10-6

Anai Ys i s

I'leasured

? Di fference

Section C-C

Analysi s

t{easured

% Difference

z?0 307

232 336 371

-5.2 -8.6

Anai Ys i s

I'leasured

7 Di fference

Sect'ion B-B

215 215 2?3

155 2?5 240 222

0.5 -4 .4 -10 0.5

t3?
128 143 143

120 145 156 139

0./ -1.4 - 8.3 -5

166

E- 15

I

-s.1 
I

Il



Table E-13
Single Axle at Edge

Loaded at Section B-B

BC
C

F

B

B

A

A

iLIhI
tvtv FC B

210

191

9.9

Measured Strains 10-6

Secti on A-A

Anaiysis

Measured

% Di fference

Sect'ion B-B

Analysis

Mea s ured

% 0i fference

Section C-C

Anal ys i s

t'leasured

7. Difference

179

173 237

3.5 -8.9

T

216

289 402

3r2 I

7.4 -7 .4

481

434 419 436

-4.1 10.3

233 287 287 287

2?7 293 332

?.6 .? -14 -3.4

297

E- 15

i
I

I

402

I



Table E-14
Single Axle at Edge

Loaded at Section C-C

BC

143

Measured Strains i0-6

Secti on A-A

Anal Y s'i s

Measured

7 0ifference

Section B-B

AnalYsi s

Meas ureo

% 0i fference

Section C-C

Anai Ys i s

Measured

% 0ifference

I

B

B

an

A

F
A c

AAs{H va

114

i6 .7

302

2t2 29? 314 291

7 I -a.o i

?Q
,t?

402
271 359 359

?71 350 390

0 -0 .3 7.9 7.4

434

l

128

150121

-4.75"8

E-17

I

I

I
I

I

I

\

\

I

I

28728721e I



Table E-15
Po'int Load at Section A-A

Results at Section A-A

POINT LOAD ON SIDE SILL

t-a t
ae

B

A

lA

A-^
M v

FC Btr
i

Section A-A

Singie Sjde Si'll

Model Stfaiqs
2000 lb load Top

Bottom

Top

Bottom

3000 1b 'load

Anal vsi s. Stlai ng
2000 lb loao loP

Bottom

3000 lb load ToP

Bottom

Section A-A

Double Side Sill

Hodel Stfains
2000 lb loao

l
3000 1b 'load

Top

Bottom

Top

Bottom
Ana'l vS i s. Stlai ng
2000 lb load loP

Bottom

3000 'lb I oad ToP

Bottom

-405 -14? - 117 -23

463 ?47 47

-603 -214 - 180 -36

697 373 72

-361 -245 -?45 - 146

36i 245 146

-357 - 357 -219

541 367 357 2t9

- 138 - 126 - 134 -t92

165 247 ?29 2?9

-208 - 189 - 205 -287

248 368 342

- 251 - 190 - 190 -115

251 190 lls
-377 -284 -284 - 173

377 284 173

E-18

rB
I

- 541



Table E-16
Point Load at Section A-A

Results at Section B-B

POINT LOAO ON SIDE SILL

BC F

rB

B

A

A

 -i
I\rlv

sfl-al\Js

- 157

Section B-B

Sing'ie Side Sill

Hodel Stfains
2000 lo load Top

Bottom

Top

Bottom

3000 lb load

Analvsis.Straing
2000 lo toad loP

Bottom

3O0O lb load ToP

Bottom

Secti on B-B

Double S'ide Sill

ttodel Stf ai ns
2000 lc loao

l
3000 'lb load

Top

Bottom

Top

Bottom
Anal vsi s. Stfain:
2000 io loao loP

Bottom

3O0O lb load ToP

Bottom

-82 -73 -70 - 118

121 153 164 157

- 124 - 112 - 105 - 175

181 2?9 ?45 ?34

-L?9 - I55 - 155 -L?5

129 155 I55 125

- 193 -233 - 233 - 188

193 233 233 t88

- i88 -86 89 -36

25? 204 177 59

-?82 - 131 - 135 -53

381 309 268 9t

- 153 -19? - 192

153 r92 192 157

-229 - 289 - 289 -235

??9 289 289 235

E-19

I

I

I

I



Table E-17
Po'int Load at Sect'ion A-A

Results at Section C-C

POINT LOAD ON SIDE SILL

B C

B

B
F

A

F
A

F FC B

Section C-C

Single Side Sill
Model . Stfai ns
2000 lb load Top

Bottom

Top

Bottom

3000 lb load

Anal vsi s-Strai n!
2000 lb load loP

Bottom

3000 lb'load ToP

Eottom

-90 48 52
I

_q)

131 130 1t5 83

- 135 -73 -78 -78

200 197 I75 l r<

-76 -89 89 -73

89 89 73

- 114 - 133 - 133 - 110

1 I 4 133 133 110

f

Secti on C-C

Doubl e Side Si I I

t{odel . Stf ai ns
2000 lb loao Top

Bottom

Top

Bottom

3000 'lb 'load

Analvsis Strains
2000 1b load loP

Bottom

3000 lb 'load ToP

Bottom

l
_?( -45 -41 -65

83 100 105 100

-88 -59 -62 -97

t?4 152 158 150

-6i -72 -7? -60

61 7? 7? 60

-91 - 108 - 108 -90

91 108 108 90

E-20

76 
I



Table E-18
Po'int Load at Section B-B

Results at Sect'ion A-A

POINT LOAD ON SiDE CILL

BC

B

B

A

A
F C F C F C FC B

Sect'ion A-A

Singie Side Si11

Model - Stfai 4s
2000 lb load Top

Bottom

Top

Bottom

3000 lb load

Anal vsj s. Stfain:
2000 lb load loP

Bottom

3000 lb load ToP

Bottom

-L?9 - 108 -74 -84

183 133 108

- 194 - 16l - 114 - 125

275 200 151

- 163 - I92 - 192 - 148

153 192 148

-244 - 288 - 288 -?2?

244 288 2??

Secti on A-A

0oubi e Side Si I 1

Model . Stfai r!s
2000 lb loao Top

Bottom

Top

Bottom

3000 lb load

Anal vSi s. StIai n:
2000 lb load lop

Bottom

3O0O lb load ToP

Bottom

l I

- 116 -81 -55 64

158 ll0 83

- 176 -t2? -87 -94

238 165 124

- 135 - t53 - 153 -u8

135 153 153 118

-202 -230 -230 - 178

202 230 230 178

E_2L

I

I



Table E-19
Point Load at Section B-B

Results at Section B-B

POINT LOAO ON SIDE SILL

5U
B

F

A

F
A

F FC B

Sect'ion B-B

Single Sjde Sill
Hodel Strains
m0-TfToad--

7

3000 lb load

Top

Bottom

Top

Bottom
Analvsis Strains
Z0IfTiliad Top

Bottom

Top

Bottom

3000 lb load

Secti on B-B

Double Side Sill
Model Strains
mO0-T6-Toad-- Top

Bottom

Top

Bottom

3000 lb load

Anal vs i s Strai ns
26'ti6-Tffi6-iFTop

Bottom

3000 lb load Top

Bottom

l

-23-484 - 185 - 150

293 595s1 355

-239 -35* -277

92* 550 441

- 345 -240-423 - 345

423 345 240

-634 - 518 - 518 -350

534 518 518 350

-?97 - 141 - 118 -27

424 ?73 222 55

-438 -2t2 -177 -44

629 412 334 85

-308 -273 -273 -192

308 273 273 t9?

-462 -409 -409 - 288

46? 409 409 288

E-22

rB
I

I

I

345



Table E-20
Point Load at Sect'ion B-B

Results at Section C-C

POINT LOAD OI.l SIDE SILL

BC
r
I

rB

B

A

A

-iFUT\, FC B

Section C-C

Single Side Si'11

l{odel .ltf ai rls
2000 lb loao

3000 lb load

Top

Bottom

Top

Bottom

ttEtS[rrit5*io,
Bottom

3OO0 ]b load ToP

Bottom

3000 'lb I oad

Top

Bottom

Top

Bottom

toso'ii#.,
Bottom

30OO 
'lb I oad ToP

Bottom

Sect'ion C-C

Oouble Side Sill

Hodel . Stfai qs
2000 lD 1oao

l
- 200 -93 -96 -41

256 2r5 184 81

-298 - 140 - 145

384 321 276 121

-124 - I45 - 145 -rl5

124 145 145 i15

- 186 - 218 -218 -t72

I86 218 218 t72

- 253 - 125 - 130 -47

344 285 239 95

-394 - I87 - 195 -71

5i6 426 358 145

- 150 - 180 - 180 - 143

150 180 180 143

-224 -?70 -?70 -214

?24 270 270 ?14

E -23

I
I

I

-63



Table E-21
Poi nt Load at Sect'ion C-C

Results at Section A-A

POINT LOAD ON SIDE SILL

BC CF

B

B

A

F
A

vtv FC B

Section A-A

Singie Side Sill
Model Strains
2000 lb load -60 -65 -38 -77

99 75 97

-90 - 100 -51 -115

148 112 145

- 108 -126 -tz6 - 102

108 126

- 163 - 189 - 189 - 153

153 189 189 153

3000 lb load

Top

Bottom

Top

Bottom
Anal vsi s. Strain:
2000 lb load IoP

Bottom

3000 lb load ToP

Bottom

Section A-A

0oubie Side Sill

Hodel Stfains
2000 lb load

l
-59 -46 -44 -55

81 106 85

-89 -68 -70 -84

t?2 160 129

-88 - 102 - 102

88 i02 83

- 132 - 153 - 153 -l?4

132 153 t24

3000 ]b load

Top

Bottom

Top

Bottom
Anal vs i s. Strai n!
2000 lb load IoP

Bottom

3000 lb load ToP

Bottom

E-24

I

I

102

-83



Table E-22
Point Load at Section C-C

Results at Section B-B

POINT LOAO ON SIDE SILL

B

B

(^

B
F
A

-/4Itt
vlv

nFLDF

Section B-B

Sing'le Side Sill

Model Stfai ns
2000 lb load Top

Bottom

Top

Bottom

3000 ]b load

F*Hit\"Hioo
Bottom

3000 ]b load ToP

Bottom

Secti on B-B

Double Side Sill

Hodel . Stfai ns
2000 lb loao Top

Bottom

Top

Bottom

3000 'lb load

tto'Hi'o#,i,,
Bottom

30oo lb load ToP

Bottom

l

- 288 -t?2 -l?6 31

358 278 235 60

-431 - 184 - 189 -45

550 417 350 9?

-zl? -257 -257 - 199

212 ?57 257 199

-318 -385 -386 -?99

318 386 299

- 105 - 105 - 105 - 163

146 210 ?26 211

- 158 - 159 - I57 -244

220 3i5 341 315

- i78 -206 -206 - 159

I78 205 206 159

-267 -308 - 308 -?39

?67 308 308 ?39

E-25

t

I

386



Table E-23
Point Load at Section C-C

Results at Section C-C

POINT LOAD ON SIDE SILL

BC

B

B

A

A
F L FLI-U FC B

Section C-C

Singie Side Sill
Model Strai ns
m00-T6-Tom- Top

Bottom

Top

Bottom

3000 lb load

Analvs'is Strains
2666*TE-T6i-d-Top

Bottom

3000 lb load ToP

Bottom

Section C-C

Double Side Sill
lllodel Strains
2000 lb load Top

Bottom

Top

Bottom

3000 lb load

Anal vs i s Stlai nI
2000 lb load IoP

Bottom

3000 ]b load ToP

Bottom

l

-r50 -28- 169- 500

257 59325559

-226 -41* - 253

386 104* 489

-?36 - I51-237 -236

236 I 5 I237 235

-241-354 -354-355

241354 354355

- l9l - 155 -t42 -?34

218 273 277 289

- 286 -?48 -214 -349

4L? 418 435

- 186 - 185 - 185 - 128

185 185 I85 t28

-279 -278 -278 -r92

279 278 278 192

E-26

33I



Table E-24
Po'int Load Centered at Section A-A

One Doubl e Si de Si'l I

- 112 - 140 - 153 -167

146 281 211

- 158 - 211 -?34 - 251

4ZL 316

-82. -59 -65 - 120

121 i{5 158 160

-t?7 - 106 -99 - 181

184 219 ?37 ?41

-65

99

tSection A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

b003

Bottom

1

0p
0
T

t

I
-58 -45 -40

85 103 104

-87 -58 -51 -98

i28 154 156 151

E-27

Section C-C

2000 I b
Top

Bottom

?t7 
I i

I

I



Tabl e E-25
Po'int Load Centered at Section B-B

One Double Side S'ill

-t29 -95 - 100

ISecti on A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on C -C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

152

-i63

?29

I
- 213

257

-3??

389

I
- 119 -99 -86

L6? 199 205 223

-t79 - 149 - 129

245 301 309

-t67

-252

337

-85 -64 -65

t47t2L

I 8 I 2?.0

- r36 - 184 -?04

i85 376 418

- 205 -?75 - 306

?78 556 629

E-28

- 108

1



3000 1 b
Top

Bottom

Sect'ion B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Table E-26
Point Load Centered atSection C-C

One Double Side Sill

- 168- I15 - 102 -95

i58 ?z? 2t2

-17 4 - 154 - 145 -?54

238 309 334 319

t

f
- 131 - 188 - 169 - 195

175 341 355 ?46

- 197 - 281 -254 -292

510 533
I

370

-54 -40 -55

81 100 89

-8? -65 -64 -84

tzz 151 132

E-29

Section A-A

2000 1 b
Top

Bottom

-44

205

264



Tabl e E-27
Point Load Centered at Section A-A

Two Double Side Sills

- 106 -t26 - 143 - 143

135 ?49 175

- 159 - I91 -214 -2t4

?0? 373 ?61

-84 -5b -54 -86

117 124 111

-t?7 -84 -80 - 128

t77 I 8 I 186 i68

-54 -38 -33 -50

79 82 83 82

-80 -57 -50 -76

t20 t?s t25 t22

Secti on A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Section B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Sect'ion C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

t

lI

I

E-30

120



Section A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Section C-C

2000 I b
Top

Bottom

3000 1 b
Top

Bottom

It

lt

I

If

Table E-28
Point Load Centered at Sect'ion B-B

Two Double Side Sills

-75 -5? -47 -84

1I0 r13 116

-1i5 -77 -74 -t?6

164 170 174

H

- 139 -i55 -?0? - 165

177 371 t97

-209 -?29 -303 - 250

?69 533 558 ?96

-1I7 -83 -71 -t27

159 t72 167 176

- i75 -t?4 - r07 - r94

239 250 252 264

E -31

I

354



Section A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Sect i on C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

It

lt

lf

Tabl e E-29
Point Load Centered at Section C-C

Two Double S'ide S'ills

-45 -37 -30 -45

70 8i 70

-59 -55 -50 -67

105 tzt 104

-Lt2 -85 -83 -t32
149 t77 183 163

- I69 - t30 -t24 -i98

226 267 276 244

1--^-f-f

- 130 - 163 - 154 - 145

t72 291 320 189

- 195 -243 -236 -220

258 439 483 284

E-32



Section A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Section B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Sect'ion C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Table E-30
Point Load at Edge of Section A-A

One Double Side Sill

-12 - 110 - 143 -410

39 255 470

-16 - 154 -218 -616

57 382 709

-37 -52 -38 -86

55 I 0 I I 2 I I 3 1

-54 -78 -59 -129

83 152 180 197

t

I

-19 -88 -76 - 19i

49 159 199 252

-29 - 134 -tt5 - 288

75 238 299 378

E-33



Section A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Section B-B

2000 I b
lop

Bottom

3000 I b'[op

Bottom

Section C-C

2000 I b
Top

Bottom

t

t

Tabl e E-31
Po'int Load at Edge of Section B-B

One Double Side Sill

-56 -70 -99 -t?0

88 2?6 i85

-83 - 104 - I54 - 179

132 339

* - 159 - 159 *

50 265 357 s72

* -241 -?37 *

7? 396 536 815

I

3000 I b
Top

Bottom

-26 - 132 - 109 - 258

55 218 335

-39 - 198 - 164 -385

85 325 407 503

*Gauge ma I tunc ti oned.
E-34

?79

27t



Section A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Tabl e E-32
Po'int Load at Edge of Section C-C

One Doubl e Side S'il I

-53 -38 -55 -54

74 148 98

-78 -55 -89 -79

112 ?2t 147

-19 -t?6 -ttz -296

54 ?T2 ?74 370

-24 - 188 - 166 - 439

80 316 410 553

-13 -r56 - 152 -477

38 238 331 579

-18 -234 -2?6 -663

50 358 495 845

t

t
1lr-:.-

E-3s



Tabl e E-33
Point Load at Edge of Sectjon A-A

Two Double Side Sills

l
-8 -88 -it2 -358

?8 195 399

-12 - 130 - 169 -527

43 ?91 590

-19 -66 -56 - 135

42 118 142 169

-29 - l0t -85 -?t0

54 178 216 ?6?

f
-30 -40 -30 -66

44 77 87 98

-44 -60 -45 -99

65 ll7 133 149

Secti on A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Section B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Sect'ion C-C

u000 lb
Top

Bottom

3000 I b
Top

Bottom

t

lt

l

E-36



lt

Table E-34
Pojnt Load at Edge of Sect'ion B-B

Two Double Side Sills

l
-9 - I28 -127 -430

44 205 276 479

-Il - 189 - 189 - 636

53 306 414 718

I

Section A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

t

l

-45 -49 -68 -76

65 i65 t?5

-66 -74 - r09 -tzt

99 249 194

-?t - 101 -88 - 190

44 171 208 249

-32 - 148 - I30 -271

55 253 308 352

E-37



Secti on A-A

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Secti on B-B

2000 I b
Top

Bottom

3000 I b
Top

Bottom

Sect'ion C-C

2000 I b
Top

Bottom

3000 I b
Top

Bottom

It

lt

lI

Tabl e E-35
Point Load at Edge of Section C-C

Two Double Side Sills

-38 -27 -41 -40

58 Ill 77

-57 -41 -67 -64

86 168 I 2 I

-15 -97 -86 -?25

43 102 210 27t

-?3 - 145 -129 - 333

65 244 3t4 406

f1Jl-

-12 - 117 - 118 -444

32 185 ?52 454

-t8 - 175 -t76 -661

50 278 378 690

E-38



Append'i x F

Model Damage Tests



Table F-l
Damage Test Dl

Loaded at Center of Span

Gauge
No. DNO DlA DlB D1C

l/4 Point gg+ lU 2011 lb 1017 lb 2017 lb t0ll lb 2052 lb 1011 lb 20li lb

1

?
3
4
5
6
7

8

75
-53
90

-43
-4?
-47
74

-52

-u0
152
171
-94

- 128
-85
177

-t22
163

152
- 107

185
-88
-85
-96
157

- 106

-?25
308
347

- 189
-261
- 173

358
- 250
333

75
-53
90

-45
-45
-48

76
-54

I

150
- 107

r82
-90
-87
-98
15?

- 106

75
-52
93

-45
-43
-49
75

-54

152
- 108

188
-9t
-88

- 100
153

- 108

75
-51

94
-45
-44
-50

76
-E?

149
- 104
272
-90
-89

- 100
151

- 104

41516 YCenterl i ne

1I
t2
13
14
15
i6
t7
18
19

1/3 Point

22
23
?4
?5
?6
?7
28
29
30

il

2

- 114
153
i75
-95

- 131
-88
I80

-l?6
167

:

-2?6
307
345

- 191
- 263
-17 4
359

-249
330

- 113
155
t74
-93

-129
-86
174

- 123
t62

-227
309
345

- 188
-?63
-17 4
355

-248
332

-lt2
154
t74
-93

-t?9
-87
178

-123
163

-2?6
310
347

- i86
- 260
-t7 4
?EE

-248
336

29

3o

- 155
213

-124
250

-ll7
- 1i6

251
- 160

??T

u

-77
104
-60
t?4
-57
-57
12s
-79
ll0

- 155
2t2

- 123
250

-ll7
- 116

253
- 159

223

-79
105
-62
124
-59
-59
t27
-81
ut

- 155
212

-t24
248

- 118
- 117

252
- 160
2?2

-77
105
-61
123
-57
-57
123
-78
107

- 156
2t?

- 123
249

- 117
- 116

251
- 158
219

-76
104
-61
124
-57
-56
l?3
-78
108

F-l



Table F-2
Damage Test D2

Loaded at Center of

lb 989 b20 lb ee4-] b tefT6
D2C

1005 lb 20I2 lb
D2B

anSp

Gauge
No.

l/4 ?oint 1000 20

J

I
2

3
4
5

6
7

8

76
-54

92
-45
-43
-49

76
-54

- 113
153
174
-95

- 132
-88
177

-124
155

r52
- 108

186
-91
-87
-99
152

- 108

74
-53

90
-45
-43
-48

75
-53

151
- 108

186
-90
-87
-99
t52

- 108

70
-50

90
-43
-43
-49

75
-54

t42
- 102

185
-87
-87

- 100
1s1

- 109

6?
-45

98
-4?
-44
-54
80

-58

- 1I0
147
171
-94

-l?8
-85
176

- I28
168

123
-91
200
-84
-91

-110
163

- 116

Centerl i ne

11

t?
l3
l4
15
16
l7
18
19

1/3 Point

??
23
24
?5
26
?7
?8
29
30

t7
2

t!

-229
311
347

- l9l
-267
-t77
359

-?5?
335

- 112
150
171
-94

- 130
-86
175

-t??
162

-227
308
345

- 191
- 263
- 175
357

- 250
333

- 110
148
158
-93

- 128
-85
t74
123
163

-223
300
339

- 186
- 258
-t72
350

-?47
330

-?23
?99
343

- 185
-259
-t72
355

-?57
342

z3 28

-78
107
-6?
123
-58
-59
t26
-80
109

- 158
215

- I25
152

- 118
- 118

255
163
223

-78
105
-61
t2?
-58
-58
t24
-79
I09

- 157
2L4

-t24
250

-l18
- 115
252

- 150
?zl

-77
l0l
-60
121
-58
-55
123
-79
108

- 154
208

-122
246

- 116
- 114

?48
- 158
218

-73
97

-58
r16
-56
-54
119
-76
106

- 154
206

- 123
249

- 1i7
-115

253
-162
?25

F-2
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Tabl e F-3
Damage Test D3

Loaded at Center of Span

Gauge
No. DNO D3A D3B D3C

L/4Potntl0ttlb 2005 lb 1005 lb 2035 lb l0lllb i994'lb 989 lb 1994'lb

1

2

3
4
5

6
7

8

76
-53

91
-45
-43
-49

75
-5?

-il3
153
173
-95

- 130
-87
177

-t24
155

151
- 105

184
-90
-86
-95
151

- rou^

74
-53

92
-45
-44
-48

76
-53

148
- 105

188
-91
-88
-98
156

- 110

67
-48

90
-45
-43
-50

76
-56

134
-94
179
-90
-87
-99
153

-111

30
-?3
82

-47
-48
-59

93
-73

66
-49
t57
-97
-96

-i14
i86

- 145

- 102
63

460
-?36
- 340
-?42

428
-?24

299

29

-81
98

-123
291

- 130
- 133

275
- 170

230

15 l5tl

Centerl ine

11
t?
l3
14
15
16
L7
I8
19

i/3 Po'int

?2
23
24
?5
z6
?7
28
29
30

,z 7

-225
308
343

- 188
-254
- 168
345

-241
321

- 151
206

-120
242

-ll4
- 112

244
- 153

?14

43
72
97
3l
85
88
23
5t

-76
101
-60
t23
-58
-58
t24
-79
109

-?49
288
351

- 195
-268
-17?
371

-251
335

,3

- 155
209

- l2s
258

- l2l
- 121
258

-t62
226

- 116
t22
t77

- 100
- 134
-87
t82

-t23
161

- 231
243
351

- 198
- 268
- 173
36i

-243
324

- 140
180

- 116
241

- 113
- 113

241
- 152

209

-48
26

231
- 118
- 170
-t22
?13

-1r1
155

-41
47

-6?
155
-68
-70
144
-89

120

-1
t
I

-I

i
-1
I

24

)) ?4 26 ?7

-78
105
-6?
t24
-58
-58
126
-79
It0

-70
94

-51
128
-60
-59
t28
-80
110

F-3



Gauge
No.

1/4 Point b b

Tabl e F-4
Damage Test D4

Loaded at Center of SPan

D4AETU z6oo iu I t lb ?0 I lb i b tgzz t u

J

1

I
2
3
4
5

5
7

8

34
-27
85

-49
-48
-58

90
-71

68
-51
t74
-99
-98

-117
184

- 145

38
-28
92

-52
-51
-60
88

-59

84
-55
182

-t9z
- 100
- 118

178
- 139

55
-46
115
-61
-54
-62
54

-45

i13
-9?
231

-t?5
- 105
-LZ?
i07
-90

Centerl i ne

11
L2
t3
I4
15
16
l7
t8
19

1/3 Point

22
23
24
25
25
27
z8
?9
30

? r3

-54
33

?32
- 118
- 173
-124
215

-L?l
99

- 104
52

475
-238
- 355
-254
439

-243
r97

-54
34

244
-124
- 183
- t3l

229
- I18

81

- 102
63

485
-?45
-266
-?59

451
-?32

167

-50
35

267
- 155
-2t2
- 145

?77
-47
33

-93
65

532
- 305
-423
- 288

549
-91

63

29

z3

-45
53

-67
154
-69
-71
145
-87
115

-85
103

- 130
307

- 135
- 140

289
-172
233

-48
58

-68
163
-72
-72
152
-84
I13

-93
109

- 135
320

- 140
-142
300

- 155
224

-59
70

-77
174
-77
-74
159
-55

66

- 115
138

- 153
348

- 153
- 148
334

- I12
131

F-4
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Table F-5
Damage Test D5

Loaded at Center of Span

Gauge
No. DN D

t/4 Point 1000 lb 2005 lb 1005 lb 2023 lb 10u
D5C

b 2017 lb 1011 lb 2047 lb

I

I
2

3
4
5

6

7

8

114
-94
137
-72
-73
-78
117
-97

?29
- 189

?76
- 145
-t47
- 159

?36
- i95

- 113
160
182
-89

-127
-83
188

- 116
i59

100
- 100

131
-79
-73
-74
115
-94

218
-204
?68

-t62
- 150
- 155

233
-t92

6?
-58
149
-95
-85
-85
108
-87

l2l
- 135

?99
- 190
- 170
-167
215

-r7 4

4
20

203
-115
- 110
-tt?

94
-73

?l
35

389
-2?9
-?14
-?13

196
- I q,

-55
80
90

-44
-63
-4i
92

-57
79

-54
78
9t

-42
-62
-41

94
-59
80

-l1t
157
185
-89

- 128
-85
190

- 121
t62

r3

,l

-71
103
-52
rzl
-52
-50
l2l
-72
110

-51
70
95

-43
-65
-44
98

-53
84

- 103
140
190
-85

- 130
-88
194

-127
159

-31
4l

-22
50

-24
-24
6?

-49
69

-90
106
205
-86

- 138
-95
210

- 143
187

Y

-37
50

103
-43
-69
-48
106
-7?
95

Centerl 'ine

ll
tz
13
14
15
l6
L7
I8
I9

l/3 Po'i nt

?2
23
24
25
26
27
28
29
30

'2

), 24 26

ze

-35
52

-26
59

-25
-25
59

-34
53

-7t
105
-53
120
-52
-50
120
-69
107

-35
51

-26
5t

-26
-24
59

-34
55

-35
49

-25
59

-24
-23
6I

-39
58

-68
96

-49
118
-50
-48
121
-78
117

-55
85

-45
120
-48
-45
L?4
-94
133

F-5



Gauge
No.

t/4 Po

Table F-5
Damage Test D6

Loaded at Center of Span

int 101i lb i994 lb ggq lu Tooo tu
068

988 lb 2000 lb
DNO D6A

iooo tu 2023 lb

1

I
?
3
4
5

5

7

8

74
-54

93
-44
-43
-49

76
-54

146
- 106

184
-89
-87
-96
I5i

- 106

77
-57
85

-43
-41
-45

77
-55

155
- 114
I70
-86
-83
-93
15s

- 110

80
-59

74
-41
-38
-42
8i

-58

154
- 121
i50
-84
-79
-85
165

- 118

86
-64

54
-41
-37
-37

87
-63

-t??
r57
129
-83

- 123
-87
190

- 130
174

i75
- i31

108
-84
-75
-76
178

- LIY

?
41516

Centerl i ne

1t
t2
I3
14
15
15
l7
l8
19

1/3 Point

22
23
24
/.)
?6
27
28
?9
30

2 ,t

- I06
154
174
-96

- 130
-85
178

-123
i65

-217
304
343

- 188
-259
- 171
352

-?45
329

-i13
157
151
-89

-t27
-87
178

-124
165

- 230
314
323

- 179
-257
-17 4
360

- 251
335

- 117
150
149
-86

- 123
-87
181

-127
169

-237
326
300

- 173
-?52
- 175
369

-257
343

-?48
341
?61

- 167
-?48
- 175

385
-264
355

z9),

?3 e8

-79
106
-6?.
124
-57
-58
t25
-78
111

- 155
209

- 121
247

- 117
- 115

249
- 155
z|g

-77
104
-64
123
-58
-56
t22
-76
107

- 154
210

- 128
248

- 117
- 112

249
- r57

218

-75
104
-67
t22
-58
-53
t22
-78
109

- 153
212

- 136
259

- 118
- 108

248
- 158

220

-74
105
-75
t22
-EO
-49
121
-78
110

- 151
212

- 150
249

- 120
- 100

247
-1 -

z

F-5



Gauge
No.

1/4 Poi nt

Table F-7
Damage Test D7

Loaded at Center of Span

D7B

tb I b 100 b 2005'lb 988 lb 2017 lb lb

105
-82
50

-?6
-?8
-26
110
-80

- 133
188
122
-78

- 106
-7?
lsl

-r47
200

zll
- 164

99
_qE

-55
-5i
220

- 153

-27t
375
244

- 155
-214
- i45
303

-293
402

118
-93
44

-18
-?2
-2t
Lzl
-91

- 145
199
115
-73
-98
-55
t?t

- 157
2t5

245
- 194

88
-35
-43
-41
25?

- 190

-298
410
233

- 148
- 198
- 134

?44
-322
441

I

29

lo

1

2

3
4
5

6

7

8

il

Centerl i ne

11
t2
13
14
15
16
L7
18
19

l/3 Point

22
23
24
25
26
?7
?8
29
30

? :

?l 28

-73
107
-73
i23
-60
-58
122
-74
Ill

-147
214

-142
242

- 123
- 115

244
- 149

222

-73
107
-70
115
-63
-64
120
-71
lll

- 148
219

-t42
238

- 130
- 133

?45
- 145

?27

F-7
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Table F-8
Damage Test D8

Loaded at Center of Span

Gauge
No. D8A

I/4 Point 1000 lb 2011 lb 994 lb 2000 lb
D8C

b lb tb tbDNO

J

I
?

3
4
5

6
7.
8

73
-5?

91
-44
-43
-48

75
-53

147
- 105

185
-90
-87
-97
151

- 107

60
-4I
98

-46
-47
-56

77.j'

120
-82
198
-92
-94

-tr3
154

-1ll

- 107
151
r71
-93

-t29
-85
175

-t22
164

-221
307
344

- 188
-262
- 173

353
-247
332

- t00
140
t8l
-98

- 135
-91
i82

- 120
164

-203
284
363

- 195
-?7 4
- 183
366

-242
329

Yrl 4t

Centerl i ne

11
t?
13
i4
I5
15
l7
18
19

1/3 Point

22
?3
24
25
26
?7
2g
?9
30

r32

)q

-77
105
-61
t22
-58
-58
124
-77
108

- 155
211

- 123
248

-ll8
- 117

251
- 156

218

-76
102
-60
t24
-59
-57
125
-82
113

- 150
204

- 120
249

-ll8
- 115

252
- 153

2?7

F-8



Table F-9
Damage Test Dl

Loaded at 1/4 Span

Gauge
No. DNO DlA D1B DlC

L/4 Point 1005 lb 2069 lb g% Tb 2000 tu i023 lb 1994 lb 1005 lb 2000 lb

I
?

3
4
5
6
7

8

112
-93
138
-71
-7?
-79
118
-98

233
- 193

?84
- i48
- 149
- 151

241
- 201

- 113
153
184
-91

- 128
-84
192

-t2?
i63

112
-9?
137
-7?
-72
-78
114
-95

3

?27
- 187

?76
- 146
- 148
- r58

?3?
- 191

114
-94
140
-75
-75
-81
117
-97

226
- 185

275
- t46
-147
- r59

231
- I90

111
-9?
141
-73
-75
-71
116
-95

?20
- 183

279
-147
- 149
- 153

??9
- 190

lt 4r516

Centeri i ne

1l
t2
13
14
i5
i6
l7
i8
19

1/3 Point

?2
?3
24
25
26
27
28
?9
30

-54
79
88

-44
-53
-41
92

-60
79

-50
80
88

-4?.
-60
-4I
9t

-58
78

- 113
151
180
-87
125
-82
185

- 117
156

a

,t

-70
104
-52
118
-50
-49
119
-58
107

-57
80
90

-45
-53
-41

93
-60
8t

- 112
160
t79
-87

- 125
-81
I84

- 118
i58

-56
80
89

-44
-51
-40

o?

-59
79

- 112
160
180
-87

-124
-8?
184

-i18
158

-34
5l

-26
59

-?4
-24
59

-34
53

-72
108
-54
t22
-53
-50
t?3
-70
109

-35
5l

-25
59

-?4
-?4

59
-33

53

-35
53

-27
60

-?5
-24
60

-34
54

-59
104
-52
119
-50
-48
119
-68
107

-35
53

-26
59

-?5
-24
59

-34
53

23

-57
103
-53
117
-51
-48
118
-68
107

F-9



Table F-10
Damage Test D2

Loaded at 1/4 Span

D2B o2c

t/4 Point 101 Tb ?oz9 lb loo tb 2000 ]b 994 'lb 2029 I b 1012 I b 2029 I b
Gauge

No.

1

I
2
3
4
5
6
7

I

114
-94
139
-75
-74
-80
r15
-98

2?9
- i89

279
- I49
- 148
- 160

235
- 195

tL2
-9?
I38
-73
-74
-81
i15
-98

223
- 185

276
- 146
-147
- I50

?33
- 195

118
-90
140
-7?
-75
-82
1i7
-98

218
- 183

286
- 145
- 151
- 167

?41
- 201

98
-85
147
-68
-75
-86
123

- 103

195
- 17i

299
- 139
-i55
- 176

250
-?09

41316

Centerl i ne

1l
t2
13
14
15
15
t7
l8
19

1/3 Point

22
23
24
?5
26
27
28
29
30

z l

-55
80
90

-44
-63
-4?

93
-59

79

- 114
152
182
-88

-127
-83
187

- 120
150

-57
80
89

-44
-63
-41

93
-50

78

- 112
150
179
-87

- 125
-83
185

- 120
158

-55
77
88

-44
-62
-40

92
-50

80

-u3
158
182
-88

-127
-83
189

-lz2
164

-55
75
90

-4?.
-61
-41

93
-64

84

-111
i52
182
-86

-124
-82
188

- 130
17I

z3
24 26

-Jb
51

-?6
50

-25
-24
59

-35
53

-71
105
-53
120
-52
-49
120
-70
108

-35
52

-25
50

-?5
-?4

59
-35

53

,l

-71
104
-51
119
-51
-48
119
-70
106

-36
50

-26
59

-25
-24
59

-35
54

-71
104
-53
l2l
-52
-49
t22
-7L
110

-34
50

-26
60

-25
-24
50

-37
55

28

F-10



Gauge
No. DNO

I/4 Point 1000 lb 2023 lb

Table F-11
Damage Test D3

Loaded at 1/4 Span

D3A D3B D3C

1005 lb 2011 lb 1005'lb 2023 lb 1005 lb 1988 lb

1

2
3
4
5

5
7

8

111
-93
138
-7t
-73
-80
114
-95

?28
- 189

280
- 145
- 148
- 15i

?34
- 194

I

- 113
t62
182
-88

-t?5
-83
187

-1I7
i60

113
-92
139
-7t
-75
-80
116
-95

l

226
- 186
277

- 145
-t47
- 161

?32
- 195

ll2
-92
140
-73
-74
-82
117
-98

?23
- 184

280
- 146
- 150
- 163

?37
200

- 120
130
t92
-95

- 133
-85
195

- 115
r55

9l
-78
135
-75
-77
-85
127

- I08

t79
- 153

265
- 148
-15?
- 168

?5?
-?16

-44
24

248
-ll5
- 171
- 123

2?7
-i04

148

.llt 415rE

Centerl 'ine

11
L?
13
14
15
16
l7
18
i9

l/3 Po'i nt

2?
23
24
?5
to
?7
?8
?9
30

-61
73
90

-45
-62
-41

9?
-58

78

r3

25

-67
100
-52
1t9
-51
-49
118
-69
104

-62
55
95

-48
-55
-40

96
-58

77

7

-56
80
89

-43
-61
-41

97
-58

78

-24
t2

i25
-58
-86
-6?
11s
-53

76

29.Z

-34
52

-25
58

-?5
-?3

59
-34

52

-7t
106
-52
I19
-51
-48
t2l
-69
108

-34
50

-25
58

-25
-?4

58
-35
5l

-32
47

-26
53

-26
-26
61

-36
55

-63
95

-53
t26
-54
-52
l2s
-72
109

-31
44

-EE
15s
-6?
-64
l4?
-80
119

-14
22

-?9
81

-33
-34

F- 11

73
-42
62

- 120
145
179
-90

-t25
-80
183

-i15
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Table F-12
Damage Test D4

Loaded at l/4 Span

Gauge
No.

1/4 Point u lotz iu 23 lbtb
D4B

gT+-Tu--tgzz tu ee4 b 200 tb

I
?
3
4
5

5
7

8

92
-76
134
-75
-77
-85
125

- 108

3

184
- 158

271
- 151
- 153
- 17I

25s
-?17

91
-79
136
-75
-77
-85
123

- 106

182
- 158

270
- 150
- 153
- I71

246
- 210

104
-91
i50
-81
-79
-85
103
-91

208
- 182
301
-t62
- 159
-17 4
?t4

- 188

a 4

Centerl i ne

11
tz
13
14
i5
16
L7
18
i9

1/3 Point

22
23
24
25
?6
27
?8
29
30

-23
t?

125
-57
-88
-05
114
-58

42

-45
24

254
- 116
-17 4
-r28

?32
- 116

85

-23
14

t27
-50
-90
-65
115
-55

33

-44
26

254
- 118
- 180
-t?9
235

- 108
65

-19
13

143
-78

- 108
-74
148
-12

5

-38
?6

290
-r58
-217
- 148

?99
-32
13

)
?4)2

23

-16
22

-28
76

-30
-31

70
-39

55

-33
45

-55
153
-51
-62
140
-76
112

-18
24

-30
78

-32
-31

73
-35

54

-35
48

-58
157
-64
-63
145
-72
t08

-24
32

-35
88

-36
-33

85
-20
?6

-47
62

-70
177
-7?
-68
170
-44

59

F.L2



Gauge
No. D

Table F-13
Damage Test D5

Loaded at 1/4 Span

D5A D5B D5C

l/4 Point 1000 lb 2005 lb 1006 tb 2023 lb i011 lb 2017 lb t01i tb 2047 lb

I
2

3
4
5

6
7

8

114
-94
137
-7?
-73
-78
rt7
-97

229
- 189

?76
- 146
-147
- 159

?36
- 195

100
- 100

131
-79
-73
-74
115
-94

3

?t8
-204
268

-t62
- 150
- 155

233
- 192

62
-68
149
-95
-85
-85
108
-87

12t
- 135

299
- 190
- 170
-167
2t6

- 174

- 103
140
190
-85

- 130
-88
194

-127
169

4
20

203
:115
- I10
-ll2

94
-73

2l
35

389
-229
-?14
- 213

196
-lR,

il 4t

Centerl 'ine

11

t2
t3
l4
I5
16
L7
18
19

1/3 Point

22
23
?.4

?5
?5
27
?8
29
30

2 r1 7

-55
80
90

-44
-63
-41

9?
-57
79

- 113
150
182
-89

-127
-83
188

- 116
159

-54
78
91

-42
-62
-41

94
-59
80

-1lt
r57
185
-89

- 128
-85
190

- 121
152

?i

-71
103
-52
121
-52
-50
121
-72
ll0

-51
70
95

-43
-65
-44
98

-63
84

-37
50

103
-43
-69
-48
i06
-lL

95

-90
I06
205
-85

- 138
-95
2I0

- 143
187

-35
52

-26
59

-?6
-?5

59
-34

53

-71
105
-53
120
-52
-50
120
-59
107

-35
51

-26
61

-26
-24
59

-34
55

-35
49

-25
59

-24
-23
6l

-39
58

-68
95

-49
118
-50
-48
t?.1
-78
ll7

-31
41

-22
60

-24
-24
62

-49
69

29

-55
85

-45
120
-48
-45
t24
-94
133

27z2 ?4

F- 13



Gauge
No.

l/4 Poi nt
DNO

994 lb ?023 1b 1000

Table F-14
Damage Test D6

Loaded at 1/4 SPan

b20 tb 100 b 1994 b 1000 u zooo lu

t

I
?

3
4
tr

6
7

I

i11
-93
137
-71
-72
-77
116
-94

2?6
- 185

?78
- 143
-147
- 158

t50
194

115
-95
130
-71
-72
-77
117
-98

23?
-192
265

- 143
- 144
- 154

?37
- 197

119
- 100
l?3
-70
-7t
-74
t23

- 102

236
- r96

243
- 138
- 140
- 148

243
- 201

123
- 103

104
-59
-58
-68
L?8

- 105

?47
-?06

?06
- i38
- 137
-l?o

?56
-21?

Centerl 'ine

1t
t2
t3
t4
15
i6
l7
I8
19

1/3 Point

22
23
24
25
to
?l
28
29
30

-55
79
88

-43
-60
-40

9?
-56

78

- 112
160
180
-87

- 125
-82
187

-i15
158

-55
82
81

-40
-60
-41
95

-60
8I

- 114
165
162
-81

-12?
-8?
192

- 119
153

-62
88
72

-37
-58
-42
100
-63

85

- 121
174
t42
-76

- 118
-84
t97

- 123
168

-61
94
53

-34
-55
-4?
I07
-64
88

-t27
188
i05
-58

-Ll?
-84
213

- 128
176

z?

25

-34
51

-26
60

-25
-?3

59
-33

52

-70
104
-53
121
-51
-48
120
-67
107

-34
51

-28
59

-25
-?3

59
-34

53

-68
103
-57
119
-51
-45
118
-69
107

-34
52

-32
60

-26
-20
59

-35
54

-68
103
-63
tI9
-51
-40
I16
-68
107

-33
5t

-38
59

-26
-17

57
-34

54

-66
104
-76
1i8
-53
-34
113
-69
108

F- 14
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Table F-15
Damage Test D7

Loaded at 1/4 Span

D7ADNO D7B D7C

lb lb 1000]b 2005]b 1023 1b 2017 lb tb tb

fl! 4 fat-.
-l 4:ae

1

2
3

4
5
5
7

8

I39
- 117

98
-59
-60
-60
145

- 12i

28;
-?36

198
-ll7
- 119
- 119

?94
-244

- 155
222

93
-50
-87
-59
144

- 154
2t9

,t

-54
107
-70
ll3
-55
-49
ll3
-62
110

157
- 132

98
-51
-55
-57
153

- 135

310
-?60

193
-98

- 109
-l1l
32?

-268

- 173
247
83

-53
-71
-49
92

- 180
255

il 4r5r
Centerl 'ine

It
t2
l3
14
i5
I5
t7
18
I9

1/3 Point

22
?3
24
25
?6
27
?8
?9
30

r7

-75
ll0
46

-30
-43
-30

72
-77
109

-87
126
42

-?7
-36
-?4
45

-91
129

9

1a

-32
52

-35
56

-?8
-24
56

-30
55

-32
56

-35
55

-31
-32
57

-29
57

-63
110
-58
110
-61
-54
112
-57
Lt2

F- 15
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Gauge
No.

1/4 Poi nt

Table F-16
Damage Test D8

Loaded at 114 SPan

b 200 tb
D8B D8e_

lb tb lb
88 i988 1 023

I
?

3
4
5
6
7

8

110
-9?
137
-7?
-73
-78
114
-oE

2?l
- 185

273
- 144
-t47
- 157

230
- 191

103
-83
145
-76
-80
-87
119
-99

l

198
-t62
287

- 149
- 15s
- 170

234
- i94

.l
il

Centerl i ne

11
t2
13
14
15
15
L7
t8
19

1/3 Point

?2
23
24
25
26
27
?8
29
30

-48
78
89

-44
-63
-41

91
-57

78

- 110
158
180
-87

- 125
-8?
184

- 115
157

-51
70

100
-48
-69
-46
101
-55

81

-95
136
195
-93

- 135
-90
198

- 1i2
157

-34
52

-26
59

-25
-24
59

-34
52

-70
104
-52
117
-51
-48
118
-68
104

-32
51

-26
50

-?5
-25
61

-37
58

,1

-64
97

-50
118
-50
-48
119
-74
114

F-16

D8A

g!



Table F-17
Damage Tests Dl and D2

Comparison with Analys'is

Percentaoe Difference

Test

No Damage

DlB

D2A

D2B

Cross
Sect'ion

r/4
Centerl i ne

r/3

1/4
Centerl i ne

r13

r/4
Centerl i ne

L/3

r/4
Centerl i ne

r/3

t/4
Centerl i ne

r/3

East
Side Sill

-25.2
-1.3
3.0

West
Side Sill

3.4
-4.?
-0.2

1.6
-4. I
-l.l

0.9
0.2/ -2.e
o.s/-0.3

0.6
0.7 / -2.t
0. e/0. s

1.4
-4.3
-0.2

2

2

-0. 1

-11.4
-5.4

7
0.s/ -2.6
0. s/0. r

8.1
0.e/ -2.8
0.7 /0.4

2.
-11.
-3.

5.5
-10.4

-3 .3

3.2
-t2.7
-5.3

8
I
7

8
3

6

2.2
-1.5
1.8

3
-11
-4

I
-0.8
t.7

I

4.
4/
r/

D2C

F -17

Center Sill



Table F-18
Damage Tests D3 and D4

Comparison wjth Analysis

P prcent-aoe Difference

Test

No Damage

D3A

D3B

D3C

D4A

D4B

Cross
Secti on

r/4
Centerl i ne

L/3

L/4
Centerl i ne

t/3

r/4
Centerl i ne

r/3

r/4
Centerl i ne

r/3

L/4
Centerl i ne

r/3

L/4
Centerl i ne

r/3

r/4
Centerl i ne

L/3

East
Side Sill Center S'i 1 I

0.9
o.?/ -2.e
0. s/-0.3

13.9
-0.2/7 .3
-7 .s/ -1.3

1.6/e.e
-Lt.e/ -s.7

7.2
4.8/r3 .0

- r4.9/ -8. s

-8. I
r l .9/8. s

-20.3/ -t6.0

}lest
Side S'ill

2
-?

4.2
-7.3
-1.6

9.9
- 16.9

6.7

96.5
-76.5
38. I

3.4
-4.?
-0.2

65.6
-76.2

33 .6

4l .3
-75. I

13. I

7.4
-4.1
s.7

-4.5
14. I
5.6

0.
3/
r/

5.6
e.6/6.5
6.r/6.7

-0. I
-11.4
-5.4

2.0
- i0.5
-5.3

0
-3.2
-1.5

-5. I
66. I
3.3

-9.6
62.6
4.3

7

5

5

0
53
62

10.2

D4C

F- 18
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45.9



Table F-i9
Damage Tests D3 and D4

Neutra'l Axi s Locat i ons

Location of Neutral Axis
(lnches from Top Flange)

Cross
Secti on

r/4
Centerl 'ine

1/3

r/4
Centerl i ne

r/3

r/4
Centerl i ne

t/3

r/4
Centerl i ne

r/3

r/4
Centerl i ne

r/3

t/4
Centerl i ne

r/3

r/4
Centerl i ne

L/3

East
Side Sill Center Sill

I .28
1 .41/1 .30
r.32/t.26

I .30
r.43/r.?7
1.31/1.28

I .33
I .44l1 .30
1 .30/1 . 28

I .45
r.33/r.47
r.\slr.31

I .44
1.34/1.46
t.t8/t.?e

t .40
r.46/1.37
1.22/1.23

tlest
Side SillTest

No Damage

D3A

D3B

D3C

D4A

D4B

D4C

1.51
1.71
1 .66

1

I
I

I .65
I .95
I .75

65
69
68

I .66
I .85
I .70

1 .70
?.47
I .81

I .65
i.71
t.67

I .68
1.71
i .68

r .71
2.51
1 .82

.47
/r.44
/1.30

I
2

t

80
34
83

I
2
I

I
I .35
r.19

I .75
1 .71
I .70

I .76
2.21
I .70

1.75
2 .33
I .70

I .58
2.47
I .84

83
36
84

F- 19



Table F20--Load Location vs. Analysis Comparisons

Damage Test 3

Loaded at 0uarter Section

Percentaqe D'i fferenee

Test

No Damage

D3B

D3C

D3B

D3C

Cross
Secti on

t/4
Centerl 'ine

L/3

r/4
Center'l i ne

r/3

r/4
Centerl 'ine

L/3

r/4
Centerl i ne

r/3

t/4
Centerl i ne

r/3

East
Side Si 1l Center S'i I I

-1.2
0.4/8.8

-14.1/-s.s

5.6
e .5/6.6
6.r/6.7

t.Iest
Side Sill

3.4
-4.2
-0.2

0.9
-19.2
-1.4

-0. I
-11.4
-5.4

7.4
-4. I
5.7

-4.5
t4. I
5.5

-5.9

0
?/
5/

0/
8/

.9
-2.9
-0.3

6.4
2.2

0
0

8
0

20.5
-78. 5

6l.l

-1.?
6.1
1.4

-4. I
22.9
2.3

Loaded at Centerline

9.9
-r5.9

6.7

99.9
-77 .9
45.9

-0
-7

3.
2/
5/

I 9
7.3
-l.3

F-20



Table F-21
Damage Tests D5 and D8

Comparison with Analysis

Percentaoe Di fference

Test

No Damage

D5A

D5B

D5C

Cros s

Sect i on

r/4
Centerl i ne

L/3

r/4
Centerl i ne

r/3

r/4
Centerl ine

t/3

L/4
Centerl i ne

L/3

r/4
Centerl i ne

r/3

East
Side Sill

3.4
-4.2
-0.2

ll.9
3.e/t.s
3 .0/1 .8

-0.7
-0.3/-1.1
0.8/0 .0

lies t
Side Sill

49.5
-10.2
-12.0

5.7
-5.8
-5.3

0.9 -0. I
-11.4
-5.4

8.4
-7 .7
-4.0

25.5
-6.0
-7 .3

?.t
-0.2
0.7

3.0
2.6
4.8

0

3

7

0
4
0

0.2/ -2.e
0. s/-0.3

6
0.6
0.4

3

2

9.
2/
0/

-5.9
-l.s/-3.e
-0.7 / -2.6

D8A t2.2
1.1
?.8

F -2t



Table F-22
Damage Tests D6 and D7

Compari sons with AnalYsis

Loaded at Centerl ine

st
Side Sill Center Sill

West
Side Sill

-0. I
-11.4

- 5.4

4.1
-9.0
-3 .4

-1.1
- 10.5
-4.3

-0.3
-6.0
-0.4

-8.?
-13.6
-5.1

D6C

Test

No Damage

D6A

D6B

D7A

D7B

Cross
Secti on

r/4
Centerl i ne

r/3

t/4
Centerl 'ine

L/3

r/4
Centeri i ne

t/3

r/4
Centerl i ne

t/3

r/4
Centeri i ne

r/3

r/4
Centerl i ne

r/3

3.4
-4.2
-0.2

4.3
- z.o
0.6

-5.4
-10.1
-0.4

21.3
-8.6
-2.5

2

0

7.7
e.6/ -t.6
r .3/l .3

20.8
17 .8/ -4.?.
-3.0/1 .8

67.5
3s.4/ -8.2
-0.e/?.2

-t?.9
28.7 /3.6
s. o/4.5

16.0
-14.?
-5.5

8.?
-13.2
-8.1

9
3

0
0

0.
2/
s/

tL.2
-7. I
-4.4

-23.9
18.r/t2.8
6.5/3 .8

F -22



Tabl e F-22
Damage Tests D6 and D7

Neutiai Axis Locations

Location of Neutral Axis
(Inches from Top F'lange)

Te st

No Damage

D6A

D6B

D6C

D7A

D7B

Cross
Secti on

t/4
Centerl i ne

r/3

t/4
Centerl 'ine

r/3

t/4
Centeri i ne

r/3

r/4
Centerl i ne

L/3

r/4
Centerl i ne

r/3

L/4
Centerl i ne

r/3

East
Side Sill

I .65
1 .69
r .68

I .70
t .69
I .69

I .71
I .58
I .55

I .75
1 .57
t.62

Center Sill
[,lest

Side Sill

t.28 I .61
I .71
I .55

l .41l1 .30
t.32/1.25

I .34
1.43/1.78
t.36/t.24

I .44
r.45/r.?9
I .38/1 .21

1.75
1.55/r.25
I .50/1.15

I .43
t.s5/1.29
r.48/t.?8

1. 15
r.5s/1.4?
I .49l1 .41

I .66
i.71
t.67

1

t
1

70
58
68

1.57
I .71
I .67

i .68
1.71
1 .58

I .70
I .58
I .61

1.76
l .68
I .61

72
69
55

I
I
I

F -23



Append'i x G

Field Tests



Bridge I

Field Test Data
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Tabl e G-i
Bridge 1--Strain l'leasurements

Gauge
Number

Under Strinoer

Cross Bearn

\!da \l ll

Top i0 A

B

Bottom 1 I A

B

Loaded at Center of RR car
l.lest Center East

_?) / -) 6.

-t5/ -17

Loaded at e of RR car
Center IastI.iest

t/t
0/0

-3/ -3
-4/ -3

16/20
t5/ 15

19A
B

e/8
-5/ -5

1/r
-1/-)

t)A
Do

0/0
0/ -l

-t /0
-1/ -1

0/
0/B

-9
-??

I
1

t/
?i

-7/-8
0/t

n,)

_t /0
_1 / -)

0/0

7/6
6/5 -48/ -54

I t2
?

26
23

4/)/

(o/
?2/

75/
7s/

36/
es/

t02/ t05
80/106

-?/ -?

66/ 67
63/6s

2/3
-4/ -4

-t5/ -17
_2?/ _23

?/ -r

_2t/ -21
-29/ -26

)c /'24

39/37

3t/33
29/26

_30/ -22
-39/ -47

'24/ -za
-64/ -64

JJl JJ 53/53

65/63
69/66

?o /?o
37 /36

-23/ -14
-+1,/ -Jb

-t6/ -16
-7/-e

n

2

0

3

1

2

0/

7/
?i

2/
0/

I

-6/ -s
-6/ -rs

13 A

a

3/ -t t/4

i8 A

I
-?7 / -zt
-57 / -s5

A,'aV1aA (orl'i nnv!.!L]-.--*ls

2A
B

6A

JA
B

8A
B

9A
B

3/
r/

r/

1

0

I
I

1

)/
0/

t/
3/

2

0

2
4

14
tt)

a/

?/

?/
2/

_2/ _3 r/

(/8/
L/ 1

55/ 57

7 0/73
7 5/71

t15/ rt7
12s/ r?t

?2

90/9r
93/e2

93/94
94/96

45/ 47
44/ 4r

75
73

n2/tt?
rr7 / 116

46/ 49
5L/ 45

70/71
78/73

47/48
45/ 44

-31/ -34
-38/ -47

-7/-3
-30/ -28

-113 2

-24
-37

s/
4/

-|t/ -3?
-55/ -5i

-14/ -rL
-23/ -26

-9/ -ro
L7 / -17

-7/
-?l/

-7
-18

-5/ -5
-25/ -23

G-6



Tabl e G- 1

Bridge 1--Strain Heasurements (cont'd. )

Loaded at Center of RR carWest Center East --L-oad!-d--iJ 
Edoe of RR carl,{est Center tast

Gauge
l'lumber

Center Sj I I

JA
o

4A
B

5A
I

16 A

B

56/57
57 /s7

52/ 63
62/63

60/ 6r
46/ 45

3t/32
27 /zs

57/60
47/47

137 / t40
123/ tt8

138/138
t23/ t22

90/91
93/92

93/94
94/96

9t/92
79/7 6

37 /zt
27 /2s

30/33
25/?5

3 5/:e
39/37

40/ 43
$/qt
36/zt
2s/23

3 0/33
27 /26

64/67
54/ 49

7 4/75
66/ 6s

87 /gz
9t/ae

s3ls3
56/5s

57 /s8
5s/60

s0/ 49
38/37

19/20
t3/ to

30/33
?7 /)7

44/ 4s
3t/25

46/ 49
s0/ 47

54/54
s5/56

43/ 42
26/26

n.'- l

??,))
l1itc

99/ 100
98/gl

9s/94
82/82

3s/36
3?/zt

77 /ts
68/65

88/87
78/80

i01/103
10t/t02

ts/17
8/8

t8/ 19
to/g

3

LL A

I

7 r/72
6l/s7

82/80
7t/69

63/65
52/s2

39/ 4t
30/28

44/45
3t/32

Z3

24

a

A

B

3 5/35
2l/ t8

4o/ qo

3l/st
1s4l1s8
ts6/t54

9r/94
95/gs

4?/ 4s
44/ 42

50/ 47
+a/ 56

/a/ /U
rQ/11

Lt/ a+
)) /')o

G-7

15 A
oU
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Bridge 2

Field Test Data
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t'2

CROSS TIES SECTION A.A

3q4O

29,39

5'6 2737

2q38
3'4

NTlI
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llrl2
13,l4

FLOOR BEAM SECTION B.B

23,24
2tdt

t5il6 2242

N'ITi

REDUCED SECTION SEGTION C.C
NlS

Fig. G-10
Bridge 2--Strain Gauge Locations
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Table G-2
Bridge 2--Rear Axle at Stop I Centered on Car

3

.'^=?.=^l !,:r-:Ca

243.!

Section A-A

Field Strains

Top

Eottom

Anal ys i s
Top
Bottom

Secti on B-B

Fi el d Strai ns

Top

Bottom

Anal ys i s
Top
Bottom

Section C-C

Fi el d Stra'ins

?8

16

I,l2 ?3,21
i3, la 2tJ

2232

36
36

-37, -
-39, -

82, 100
71 ,92

156, i53
158,155
157,153
159,164

73
1

I
213
215

71,5
4
3
4

I
I
I
8

i86
187

a1
/ia

188
189

99
o?

23,3!r

-13,-20
-14, -?0

?0,
?4,
I9,
20,

?3
?6
?0
22.

178,I
159, I
155, I
158, i

57
50
48
51

140,140
142 , l4l

251
238

, 210
,?ro

83
1nc

i67
165

168
to /

47
90

108, l l9
1ll,12l
109, i l9
I11,121

74
73
71
7l

92
,90
,87
,87

*No-Eruss.

Analysis

c-14

.,2

I

I



Tabl e G-3
Bridge 2--Rear Axle at Stop 2 Centered on Car

i

t,2

80,76
94,44
96,92

100.97

7,8

5w
ta

3r

aJ.
Section A-A

F i el d Strai ns

Top

Bottom

Ana lysis
Top
Bottom

Secti on B-B

F i el d Strai ns

Top

Bottom

Anal ys i s
Top
Bottom

Section C-C

Field Strains

Analysis

[,12

314

| 5.16

n37

uJ2

zl,2a
r3. t4 ?t)

-5, -

16, -

I
2

L2
L2

-38, -38
-39, -38

171
l7t
171
171

,L79
, 179
,178
, 176

173
175

,160
, l5l

32 1 ,356
300,341

185
1Cn

186
tJo

183 aoL
aac

*

-18, -23
-lg, -?4

178,170
180,173
173, 157
175,159

159,i60
151,151

173,1?4
164,124

54
114

17Q
173

177 90
17

I
I
I
I

50
51,
44
48

155
157
I58
151

t
t

115,137
1 12, i35
i09, 130
108,130

*No-.ffi

c-15



Table G-4
Bridge 2--Rear Axle at Stop 3 Centered on Car

r,2 2ttlt

Section A-A

F'ieId Strains

Top

Bottom

Anai ysi s
Top
Bottom

Sect'ion B-B

Field Strains

Top

Bottom

Analysis
Top
Bottom

Section C-C

Field Stra'ins

Analysi s

[,12

s6

r3,16

23,2.
13, t4 2tJ

-29, -26
-29, -25

17,14
1I,10
lo,8
5r4

138,144
135, 140
133, 140
130, 135

150
t47

,149
,147

81 ,97
66,85

oiUJ

89

158 157
lo /

46
2*

-19,-15
-2i,-19

47,48
52
47
48

,5?
,45
,44

195, I91
195, 192
192, 189
l9l,188

i60,171
159,170

323,281
291 ,253

114 t73
164

169
1J:

73
ZZ)

,l
,l
,l
,l

90
93
87
90

t72
174
169
173

i35, 161
135,161
135, 150
135, 161

*N; t*ss.
c-16

ffi--Fc



Tabl e G-5
Bridge 2--Rear Axle at Stop I 0ver Inside Side Sill

5

t'2
14

v: r

zrJ.

Section A-A

F'i el d Strai ns

Top

Bottom

?7,57

Anal ys
Top
Bot

is

tom

Secti on B-B

Fi el d Strai ns

Top

Bottom

Anaiysis
Top
Bottom

Sect'ion C-C

Field Strains 58,55
51
51
53

,70
,57
,51

82,92
83,94
75,95
79,88

[,t 2 zl,za
13, lrt 2tJ

r5 2232

-?7,-24
-28,-26

4
3
5
4

-4,
-2,
-5,
-3,

l22,ll8
t17,t2l
117,lll
t07, l l2

93,88
99,88

72
70

,80
,73

-12,-16
-13,-16

107,96
i i0,99
101 , 90
L02,9?

79,75
84, 76

?

2

3
3

2
i
2
2

,

,
,

236. 155
??8,175

Anal ys i s

G-L7



Table G-6
Bridge 2--Rear Axle at Stop 2 0ver Ins'ide Side Sjll

r.2

c=:3r:
5v-

zur

Section A-A

F'iel d Strai ns

Top

Bottom

Anai ys i s
Top
Bottom

Secti on B-B

Field Strains

Top

Bottom

Analys'is
Top
Eottom

Secti on C-C

F i el d Strai ns 80,9i
83,94
73,82
79,90

104,119
106,120
99, 112

106,117

7,8

[,t 2

3.6

r3,16

23,21
r3,l.r 21J-

-28, -26
-29, -25

-18,-18
-18,-17
-19,-19
-I9,-19

ll0,1l5
I 14, ll8
117,111
109, 1 14

98, 93
105,97

373,413
378, 390

-17
-15

, -22
,'2?

I
7
9
9

-8,
-7,
-9.
-9,

125 ,
130,
107 ,
109,

116
lt9
111
114

86
89

94
98t

L?7,
140,

68
94

Analysis

c-18

i

I

I

ll



Tabl e G-7
Bridge 2--Rear Axle at Stop 3 0ver Inside S'ide Sill

rA (t
[E c '\!i-viq5r

4€

t'2
+4

o

28,$

Section A-A

Field Strains

Top

Bottom

Anal ys i s
Top
Bottom

Section B-B

Field Strains

Top

Bottom

Anal ys i s
Top
Bottom

?737

-24,-22
-24,-22

-7,
-5,
-5,
-5,

7
5
8
8

99, 104
101,105
94,98
99, 103

85,80
87,85

87,89
84,107

Itl2 24,2.
r3, I ?13

'18,-?2
-18, -23

1

0
9
9

,
,
t
,

-1
-1

11
10
9
9

130,122
131,124
111,123
I08,120

84 , 101
87,106

3?4,?57
3?1,284

94, 1 06
g7,l0g
87 ,97
92,104

115
1I7
109
il4

I
1

I
I

3l
33
23
29

Analysis

c-19
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Field Strains
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Bridge 3

Field Test Data
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Table G-8
Bridge 3--Rear Axle at Stop 1 Centered on Car

B rA

5 a c r ic
'B

(^ F C F C 8A

l

l

r8 t7

20,19

I

F

r3,t2 lr

3O,29

7t4

i0 9,8

T
3.4

2..2t

Sect'ion A-A

Field Strains

Top

Bottom

Anal ys i s

Top
Bottom

Section B-B

Field Strains

Bottom

Anaiysi s

Bottom

Damaqed Section

Field Strains

T

28,27

9,
9,

10,

10
10
9

50,49
48, 45
47 ,45

2L9,l7l
195. t53
195,154

t2 61 r86

-i8,-19
-17,-19
-19,-19

-22
-21
-?t

-32
-27
-28

-64, -54
-59, -57
-59, -59

49, 48
57, 55
58, 55

75,76
72,7?
72,7?

57
54
55

6?
61
50

85, 56
8?,57
82, 55

203,21?
L7 6 .t82
1 78, 195

-63
63

-r22
t2?

- 155
165

- 304
304

63,50
58, 56
59,52

I05,107
102,102
102, 101

219,171
195,153
195,154

I 0 1 153 186Anal ys i s

c-29
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Table G-9
Bridge 3--Rear Axle at Stop 2 Centered on Car

F C FC
t7

,A

A

B

B
FCB F

t4

r3,12

3

Secti on A-A

Fi el d Strai ns

Top

Bottom

Analysi s

Top
Bottom

Secti on B-B

Field Strains

Bottom

Analysj s

Bottom

Fi el d Stra'ins

l 7

r0 9,8

t

B

?o,19 il t,?

-14,-12
-7 r-8

-?5, -16

-23
-?3
-?3

-40
-37
-33

-51, -59
-57,-56
-55, -55

85,84
75,75
76,75

56
51
53

61
59
59

99,65
97 ,66
99, 55

195, 199
175.177
I66, I67

-56
56

-ll7
117

- 151
161

-304
304

29,35
28,36
35,42

7 7l
30,29 28,27 2,21

40,42
38, 40
34,35

85,84
92,81
85,83

306, 246
273,218
246, i98

4? 117 237

114,110
102,98
90,86

2t4
190
t69

,213
, 190
,168

306
?73
246

245
218
198

215 237Anal ys i s

c-30
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Table G-10
Bridge 3--Rear Axle at Stop 3 Centered on Car

B A

A
B

FA B F

t4

FC FC B A
r8 t7 7

l0 9,8t3,t2 ill9

T ?

33

t,2

2.21

196,160
183,145
159,129

l

l

za

7 T
Secti on A-A

Fi el d Stra'ins

Top

Bottom

Anal ys i s

Top
Bottom

Secti on B-B

Fi el d Strai ns

Bottom

Anal ys i s

Bottom

Damaged Section

Field Strains

4
3

4

, -3
t 4

4

-3
-5
-4

6
6

5

-19,-i9
-19,-18
-17,-16

-1,-1
_') _)
-3, -3

?1,20
20,2r
18, 18

20
18
i5

?0
19
16

28,20
26, 1g
??,15

68, 70
64,66
57,59

'lt

ii
-?1

2L
-39
39

-95
95

4?,43
38, 40
33,35

66,65
64, 54
59, 56

46 80 t29

30,29 2.8,27

r
87,84
80,77
71,68

l5l, l
147 ,l
129, 1

51
49
30

196,150
183,145
159,128

94 t32 t29Anal ys i s

c-31_

_i-a



Table G-11
Bridge 3--Rear Axle at Stop I 0ver Inside Side Sill

,A

C F C FC B

t7

B

B
FB F

t4

A
7 19

a,2l

Secti on A-A

Field Strains

Top

Bottom

Analysis

Top
Bottom

Secti on B-B

F i el d Stra'i ns

Bottom

Anal ys i s

Bottom

Damaoed Secti on

Field Strains

l

l
20,19

80,75
78,7 4

76,72

r3,r2 ro 9,8

?8,27

i5, 16
18,18
17 ,!7

-7
-8
-7

-?
-4
-4

-1,-l
_l -t
-1,-?

18, 17
19,18
i7, 15

1 i
9
I

9, 10
8,9
8,5

-L,-2
-2, -3
-2, -3

- 109
109

-40
40

-20
20

15
-16

7 f

30,29

0

1

0

?

4
3

,

,

3

2

0

4
5

2

,

?

t

7

5

5

6

8
A

t

t

-53 -23 2?

4
5

3

5
5

3

t

,
,

I3,
13 'l0'

11

13
10

7

5

5

6
8
4

t

?

t

20 ?9 2?Anal ys i s

c-32

rL?

10
9
I



Tabl e G- 12
Bridge 3--Rear Axle at Stop 2 Over Inside Side Sill

FC F C B

t8 t7

l^F

t4

r3,r2

B

B

7

FB

t9

A

A

Secti on A-A

Fi el d Strai ns

Top

Bottom

Anai ys i s

Top
Bottom

Damaqed Sect'ion

Field Strains

l 7

r0 9,8

T
3

i,2

2,2t

-?, -7
-i6,-15
-15,-17

-6
-7
-5

1

3

3

-?, -?
_l -)It L

-1, -2

14,12
13.13
12,11

7,10
5,3
5,3

))
-1,-i
-) -1

- 133
133

-24
?4

-10
10

I0
-10

61,64
59, 61
64, 66

Tl
30,29 24,27

2

1

1

0

3

3
,

,

3

4
?

4

4

3

t

t

,

7

3

L

6

5

?

,

t

-?7 -11 11

7

3
2

5
5

2

,
t

,

I
8
5

9
7

5

I ,
,

,

4
4
1

5 t

,

)

3

2

1i11 llAnal ys i s

c-33

Secti on B-B

Field Strains

Bottom

Ana'lysi s

Bottom

???-?tttl
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Table G-13
Bridge 3--Rear Axle at Stop 3 Over Inside Side Sill

C FC FC B

t7

A

A

B

L
B

FB F

t4

r3,12

7l r0 9,8

?a,27

3

t,?

2.,21

Secti on A-A

Fi el d Stra'ins

Top

Bottom

Analysis

Top
Bottom

Secti on B-B

Fi el d Stra'ins

Bottom

Anal ys i s

Bottom

Damaqed Sect'i on

Field Strains

20,19

l f -

3O,29

24,23

1,0
-3,-3
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0

0
0
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0
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t

t

t
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Table G-14
Bridge 4--Rear Axle at Stop I Centered on Car

iB

B

A

BC F FL U
A

trr\atrl\
r\v\J{\, B

22 rq9

6,5

I

Sect'i on A-A

F i el d Stra'i ns

Top

Bottom

Anal ys i s

Top
Bottom

Secti on B-B

Field Strains

Bo ttom

Anaiysis

Bottom

l9

t7 T

26,27 29,30

43?,426
433,427
439,433

218,?12
2?4,?17
??5,218

547 547

Damaqed Section

Field Strains

)a 8,24 rzrE

I
I
I

72
7l
74

185
I84
t87

,l
,1
,l

90
91
94

192,184
192,184
195, 187

264 ?7? 267

-82
-79
-84

-133,-131
-13?, -l?6
-133, -127

-75
-75
-78

-81, -69
-84, -70
-90, - 75

192,184
192,184
196,187

169,170
17l ,!7 ^.

177 ,l7g

153,157
I54. 160
157,153

7 6,75
80,90
85,95

-267
267 ?36

-236 -236
235

-267
267

Analysi s
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Tabl e G- 15
Bridge 4--Rear Axle at Stop 2 Centered on Car

BC F
B

22

l9

18, 17

26,?7

C C FC BLl-

A

A
tr
I

B

r09

c5

29,30

tSecti on A-A

Field Strains

Top

Bottom

Analysis

Top
Bottom

Secti on B-B

Fi el d Stra'ins

Bottom

Anal ys i s

Bottom

Damaoed Sect'i on

Field Strains

I

-

)q 8,24 t7,r8

- 137, - 141
- 142, - l4l
-144,-144

-90
-89
-90

-84
-82
-83

-87,-71
-90, -70
-94, -75

203,194
?0?,L93
207,198

183, 184
i84, 185
i89,190

163, 166
153,158
167 ,172

83 ,83
90, 90
9L,9?

-277
277 250

- 250 - 250
250

-277
277

258,25?
262,257
263,258

98 94
1i5
LT?

111.
1i6,

383 383

170
169
172

188, 194
189, 195
192, 198

203
202
207

,194
, 193
,198

?56 273 277Analysis
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Table G-16
Bridge 4--Rear Axle at Stop 3 Centered on Car

B A

B C FO Atbl
Vlrv =C C F C B

B

?2

lq

t8 17

r

26,27

)c 8,24 rzrs

r09

a,7 iSection A-A

Field Strains

Top

Bottom

Anal ys i s

Top
Bottom

Section B-B

Fi el d Stra'ins

Bottom

Anal ys i s

Bottom

Damaqed Sect'ion

Field Strains

-64, -63
-52, -60
-64, -50

-35
-34
-37

-31
-29
-32

-33,-28
-33, -30
-35, -32

94,89
93,87
97,9?

84,84
92,82
88,88

75,7 6
74,75
77,79

29,28
3?,3?
34,34

-14?
l4? 125

-l?s - 125
t25

-142
t4?

t
?9,fi

103,i00
107, 104
107,104

31,29
38,36
40,38

I 9 I I 9 1

76
73
76

83,
8?,
84,

86
85
89

94,89
93,87
97 ,92

128 136 142Anal ys i s
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Tabl e G- 17

Bridge 4--Rear Axle at Stop I 0ver Inside Side Sill

iB

BC F C FC C F C B
B

22,21

A

A
(^ln
vlv

rq9
7

tSection A-A

F'iel d Strai ns

Top

Bottom

Analysis

Top
Bottom

Sect'ion B-B

F'iel d Strai ns

Bottom

Anal ys i s

Bottom

tv I

-109,-110
-109, -104
-112,-105

-77
-79
-79

-73
-73
-58

-139, -113
- 123, - 100
-1i7,-91

i58,149
161 , 153
164,154

153, 155
162,164
164,155

144,149
146,i50
145,150

110,110
104,104
102,102

-33
33 115

-115 -115
115

-250
250

r8,17

26,?7 29,30

310,305
3 1 4,309
324,3 18

300, 293
?95,288
290,?82

0 605

Damaoed Section

Field Strains t42
145
146

150,155
154,159
157, 151

158,149
151,153
164,154

28 31 33

rzrsE 8.24

Analys'is
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Tabl e G

Bridge 4--Rear Axie at Stop
-18
2 Over Inside Side si I I

BC F
A

A
wl\,

B

B
C FC C F C B

22

l9

t8 t7

26,27

rq9

6,5

29,30

t
r

Section A-A

F i el d Strai ns

Top

Bottom

Anal ys i s

Top
Bottom

Section B-B

Field Strains

Bottom

Analys j s

Bottom

Damaqed Section

Field Strains

I

)A 8.24 rzrs

t42
142
136

155,160
155,162
150,155

I
I
I

55
67
60

,l
,l
,l

57
58
52

33 32 3I

-117,-Il0
-116,-112
-172, -107

-83
-85
-85

-79
-78
-73

- 142, - I05
-136,-58
-116,-51

155,158
167,158
160, i52

169,172
17 r ,172
167,168

l54,l59
156,159
152,156

117,117
113,113
1I6,117

31 i18
- 118 -lr8

118 270

208
208
20?

2t?
212
206

1

I
1

47,
39,
43

144
138
141

6? 313

Analysi s
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Table G-19
Bridge 4--Rear Axle at Stop 3 Over Inside Side S'ill

iB

BC F - ANU:UUI-UE,
B

22

A

A
F

I I
l09

6,5

29,30

iSecti on A-A

Field Strains

Top

Bottom

Anal ys i s

Top
Bottom

Sect'i on B- B

Field Strains

Bottom

Anaiysi s

Bottom

Damaqed Section

Field Strains

20,19

r8, t7

?6,27

I

-60, -58
-51, -57
-63, -50

-36
-37
-37

-31
-32
-30

-34, - 29
-32, -?7
-33, -28

86,80
88,83
90,85

77 ,78
80,80
80,80

74,76
86,77
90, 78

34,33
33.32
34,34

35 56
-55 -65

55 1 0 1

97
100
101

,9
,9
,1

5
8
00

4i,40
40 ,38
39,39

7L 118

58
59
72

76,79
78,82
79,83

85
88
90

t 80
83
84

,
t

37 37 35

rzrE,e 8,24
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