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PRD'ACE 

These tests were proposed by John Mo Graham aud weze approved by the Texas 
State Highway Department Research Advisory Comitteea The '1Ctual tests were 

iii 

made by the field forces ,of District Noo 9 Bridge officeo The Texas Trans ... 
portation Institute; Agricultural .and Mechani~l College of Texas; COllege Sta"' 
tion!} Texas" was in. general charge of the testso Henson Ko Stephenson!) Research 
Engineer; and Truman Ro J'ones,i Jra,, Associate Reaearch Engineer9 of the Institute 
ccmtr!buted t.heir advice and help in ,setting up the testso 

the actual field' tests were supervised by Frmi!tlyn Ra Hitz9 Draftsm811o Com
puta.tions 11 compilations and checking were .accomplished by William Mo Wood;i 
Sen.ior Engineering Assistant; Eo Lo Ba.rdeman9 Senior Designing Engineer; ad 
Larry Go Walker 9 Senior Designing Engineer o 

The Texas Transportation Institute furnished the Leeds-Northrup Precision 
Potentiometer with copper•constantan thermocouple for temperature results on tbe 
steel beams» concrete slab and standard baro Precis:lon thermometers were fur .. 
nished by the Texas State Highway Department Laboratory o The Department of 
Civil Engineering; University of Texas; Auatin9 Texas 9 furnished the 20 inch 
llo Oo Berry strain gage and standard baro 



Jn.JLL SCALE FIELD_TESTS OF A 
PRESTRESSED COMPOSITE I .. JmAM BRIDGE 

.· !!!'~ious Desim !!'e!rience: 

1 

On Project M 1308-1•5 9 Control 1308-1005,. Be11 Cmmty 9 Highway Noo i"cMo 11231) 
State of Texas!> 2-40 foot simple I•Beam spans were washed out by large drift in 
the flood of May 19550 These 2 spans were in the center of the bridge which 
consi5ted of a series of 40 foot I~Beam. spanso Investigation showed an 80 foot 
span was required to handle the drift., To keep adequate head roem between high 
.. 1ater and the bottom. of the steel11 a shallow design was required., Ten salvaged 
30" wide flange beams at 108 p¢uuds per foot were usedo J!':tve of the 39°·8" long 
beams were cut in half :.md butt welded at either end of fiv·e other 39 9-8" beamso 
This made available five lines of 30" wide flange steel beams for the 80 foot 
sp&l" The "Prestressed Composi,te I•Beam" design was usedo The span was built 
in placing during July & August 1955 o Actual initial dead load and final live 
load deflections checked the theoretical deflectionso The depth of steel beam 
to span 1·atio by the use of these 30" wide flange beams was about l to 3lo No 
excessive vibration was notedo Actual span length)) from center line of bearing 
to center line of beaxiug9 was 78.,5 feeto Witl't this experience record as· a 
backgroundii the Leon River Bridge on State Highway 236 in Coryell County was 
designed as a "Prestress~d Composite I-Beamn structure and was instrumented to 
collect research informationo 

Description of the Desi&!!: 

"Prestressed Composite I-Beam Design" in this case is simply jacking up the 
individual steel beams a predetermined amount at the center line of the spans 
and holding the ends of the steel beams ~"n with anchor boltso The jacking up 
of the steal beams at the center JJ.ne of the span results in a tension stress 
in the top flange of the stee1 beams and a compression stress in the bottom 
flange of the steel bea.mso Shear devieea a.re welded in place on the ground with 
the steel beams in an unstrained positiono The steel beams are not jacked up 
until all forms for the concrete slab are in place and the reinforcing steel 
is in place in these formso The weight of the concrete slab and forms adds 
more tension in the top flange and more compression in the bottom flange of 
the steel beanw 9 due to this dead load weight acting on the steel beams while 
bey are temporarily shored up st.the center of the epano 

After the concrete slab has attained about 85 percent of its 28 day strength» 
the shores are gradually released at the ra~e of one•half inch per houro The 
composite ! .. Beam span then .acts as a simple spano Due to the fact that the 
beams were jacked up at the center of the span while the concrete gained strength~ 
the entire composite cmss section is active in carrying the dead loado 

Since the top flange of the steel beam is below the neutral axis of the com• 
posite section~ the simple composite span stress is an increase in the tension 
stress present in the top flange 9 due to the jacking up of the beam.o In the 
bottom. flange 9 this si.mp le composite span stress is also tension and is larger 
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than the initial compression stress due to the prestressing processo This re• 
versal of stress in the bottom·flange means an equivalent tension working stress 
in the bottom flange of about 309 000 psifl instead.of the lS!lOOO psi normally 
used,, There is a considerable reduction in the final dead load top flange ten .. 
~ion stress 9 due to shrinkage and plastic flow in the concrete slabo The shrink= 
age and plastic flow effect on the bottom flange is the oppositeg or a tension 
increase; but"' in magnitude only about one-fourth the effect in the top flange,, 

.!YIJ?Oses of· t~e Tests: 

The purposes of these tests wereg (1) to check the theoretical design cal00 

culated stresses and deflections with the actual observed stresses and deflec• 
tions 9 and (2) to determine the effect of shrinkage and plastic flow of the con~ 
crete slab on the prestressed composite 1 ... beam spans o During the final dead 
load test period9 corresponding morning and afternoon readings for stresses 
and deflections were made to determine the effect on stresses and deflections 
due to heat storage in the concrete during the day~ 

Description 9f the Old Existing Bri4ge~ 

'lhe problem which led to this test bridge and the use of the "Prestressed 
Composite I-Beam" span was the rebuilding of the Leon liver Bridge on State High.., 
way 236 in Coryell County 11 Texa.so The eXis-ting structure was composed of two 
50 8 simple spans!'> containing eight 21" CB 591 bes.ns with timber flooring and two 
short timber approach spanso It was decided that by using a "Prestressed Com-
posite I=Beam" design 19 only four of the existing 21" CB 59# beams would be re• 
quired in each new 50 8 simple span; thereby 81 leaving four beams from each of the 
two existing sou spans to build two new 50 8 "Prestressed Composite I"'Beam" 
approach SpaDSo 

ln this case 9 the three existing interior concrete bents could be reused and 
only two new concrete abutment bents would be required to complete the four sor. 
spans and~ tberebyp solve the problem of the new bridge layouta 

Rgscription of tb.e New Test Brid&,t!: 

The new bridge layout is shown in Figure lo The bridge was designed for B-1.5"" 
44 loads (AASHO Specifications ... 1953_~ 26 9 roadway3 9" curbso; and an effective 
span length of 48 9•6"., The 21" CB 59# beams were placed at 7 6·1", centers as 
shown"' in the typical half ... section of Figure 2" Initial design calculations in ... 
dieated a need for the 5" x 3/811 cover plate on the bottom flangeo The typical 
shear devices~ shown in Figure 2 ii were de~igned to resist bE:nding and shear, and 
uere placed at an angle to resist any pull.ng apart effect between the beam and the 
concrete when the shoring jacks were remvedo Bending stresses in the shear device 
f.tself were within the design allowable unit stresseso The bearing of the con ... 
crete on the exposed flanges of the shear devices were well within the unit bearing 
s·i:ress allowed by specifications,, No "slip" was anticipatedo 
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ponstruction and Testing Procedure: 

The construction and testing procedUA:"e parallel very closely in the early 
stages~ namely from Stage #1 to Stage #8; therefore 9 for convenience 9 the out
line of procedure to follow will be given in terms of tests procedure and the 
construction procedure which corresponds will be explainedo All testssi except 
as noted9 were performed between the hours of 4:00 to 7:00 aomo These early 
morning hours i> besides being comnmient for the contractor; were chosen for the 
te.sting period because the air temperature varies the least during this period o' 

The construction and testing of this bridge began in February 1957 o The bridge 
was completed in October 19579 and opened for use by the public; howeverii test• 
ing -was not concluded until September 1958., 

The test stage procedure was as follows: (See Figure 3) 

Stage #lo All beams were blocked level by eyesight ou the ground in an un• 
strained position and strain gage measurements were made on test 
points cl9 er, dl and dr:, for beams 2'B and 2C onlyo This is the 
initial reference stage for beams in Span #2o 

Stage ~20 The cover plates were welded on all beams and strain gage measure
ments were made on test points cl!> crii dl and dr 9 for beams 2B and 
2C only o Beams are a till in sn unstrained positiono 

Stage l'3o The shear connectors were welded on all bea:msll- and strain gage 
measurements were made on test points clp er" dl and dr ~- for all 
beamso This is the initial reference stage for all beamso Beams 
are still in an unstrained posi.tiono 

Stage fi4o All beams were placed and the diaphragms were welded in placeii then 
all forms were set and the reinforcing steel was placed in these 
formso With the forms and reillforcing steel in place9 all beams 
were jacked up the desired amounts and strain gage measurements 
were made on test points cri1 cl81 dl and dr 11 for all beam&o 

Stage #So Steel test plates for measuring strains for the bottom of the con"' 
erete slab were placed about 20" apart against the bottom forms 
before the al.ab was pouredo Before the concrete slab had taken 
its initial set 9 similar test platest;ere placed flush with the 
top of the slabo When the concrete slab had set with forms in 
placeg Stage #S readings for test points a@ cl~ dl and dr were 
contemplated,, but were not taken., 

Stage #60 After the forms were removed and just before the jacks were re .. 
moved!) strain gage measurements were made on test points 9 a 9 b)'J 
cl8 er, dl and dr 9 for all beamso The test stage :ls a combina
tion of Stages #5 9 #6 9 and #7 and is referred to as Stage #60 
Note that this is the initial reference stage for all concrete 
test pointso 
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St.age #80 The jacks were removed from all be3m8 and thus completing the con ... 
struction of the bridge except for placement of tho railing~ On 
the mom:tng following removal of the ,jacks 9 strain gage measure
ments were made on all test points on all beamso 

Since. no &dditional loads of D.ny significance are placed on the beams beyond 
Stage #8~ the following test stages were made for the purpose of verifying shrink"' 
age,, p1astic flow aud live load stresses on the beamsa ·· 

Staga #9o Dead load strain gage measurements were made on all test points 
approximately one (1) month after shoring was removed for all 
beams tested in. Span :IJ2 and Span.Ui3·on).y., 'l'he reason for not 
using this stage on Spana #1 and 14 was because these spans were 
vnder flood wate~ for 22 daysry 

Stage 1f10~ De.3.d load strr.d.n gage meaa1.r;::ements we1~.- raade on .all test points 
app:i::b:ima.t.;;.'ly thP.:ec (3) months .sifter sbo:t."ing was z:cmoved for .dl 
be;:mi.s tester19 

Stage :/foll,, Dead load strain gage measurements WCl:e made on all test points 
approxim.<itely atx (6) mont.'lis after shori.,,g was removed for all 
beams tested., 

Stage #120 Dead load st~ain gage meaaurements were made on .all test points 
approximately twelve (12) months after shoring wee removed for all 
beams tested"' 

Stage #130 J.i.ve Load (test truck) pl'us dead load strain gage measurements 
were made on all test points appr.oxima.tely twelve (12) months 
after shoring wae re.moved for all be~s tested,, 

Stage ~12 and #13 readings were repeated on tlfO a~parate days as foll~ta: 

Morn1.ngs (Stages #l,.A 9 #12Bl) #13Af.l :f.'13B on ell spans) u Stage #12.A on one JnOJ."'11'"' 

ing and Stage #12B the following momingo 

Afternoons (Stages f 12C and ~12D de.ad load g3ge readings on Spans #1 and #4 
only) c Note that Stages #12C and #12D readings ai=e the afternoon readings 
~1hich we~e taken to check the heet atcrsge effect on stresses and -deflectiona)c 

All coxresponding readings checked fairly closet, and readings on the. opposite 
aides of the ateel beam flange ~ere a.ve~aged to reduce possible human error in 
instrt.'!lllentatiou., 

Figttre 3 shows the location of all test points and gives an explanation of the 
type of teats used in the testing of this bridgeo Reference made to any test 
point stress in this repo-.rt will be as shown in t~e following e:iwmples: 
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1., A stress at test poiut "d" on top of the bottom fl.singe of Span #2 at!.d 
beam B will be r...aferred to as 2 ... 13~('10 ~totat:f.ons 9 ndr" and 11dlc ~ will not 
be used in this .report& as the results of these tests a~e based ou the 
averages of all stresses ~ere readings we~e taken on the left and 
right aides of the steel m1um., 2-c-a would indicate the stress on top 
of the alab of beam C in Span ~20 

2o 4~C ... c would indicate the stre:rn on the bottom of the top flange of 'beam 
C in Span fi4" 

~S,iJ1_&_,!.9.1}~-Pn~~.f:_C~l£j!,!g~IQ£!~.: 

All test points consisted of two very stl.1&11 ho1es 0 approximately 20" apart 9 

drilled in the steel beam or in steel plates anchored in the concretec A 20" 
Ro Oo Berry strain gage with an Ameo dial reading in oOOl inches 9 mounted on the 
pivot armwaa used to measure the strain movement between the test hole~ at the 
different test stages~ as referred to the initial unstrxf.ued r.eadingso Gage read~ 
ings 011 a st.ruldar·d bar wa'l:e taken correspcnd:J.ng to each test stage and for each 
test point!)for the purpo;.:ie of d.etermining tr.e St:l:'aiu effect dui:l to temperature 
differ~nces measured at the initial stage read:Lnga 

Since test beams 3lld concrete were not at the same temperature as tbe atan"" 
dard bru: when gage readings were taken!' it was necefJsary to dete:rmine this d:lf• 
ference of temperature and make adjustments to the beam and co:nc;rete st.rain 
mea.aureraents~ In each case~ the beam and concrete temperatures were. refer.red 
to the standard bru: temperatures !I that is 1 adjWJted to read thi~ same :Ln tempera~ 
tw:·e as the standard bar,,. The coefficient of e.."'t':?anaion for steel as measured 
on the Ames dial was 006 diviGions for 1° F difference in tempe1~~t·ureo Th.ere.;, 
fore!> if :i beam temperature re.es.sured 2° F h:tgb.e-.:r th;,:m the standnrd bar 9 the test 
bemn at;:ain meaam:ement was incre23ed 0.,6 z 2 = 1c2 diviaionso If the beam tellic, 
poratut'e was. lower by 2° F. ~ then the test beam flt.~ain measuremer..t was decreased 
by lo2 divieio-uso For th.case tests, the coefficient of e~:pansion for concrete 
was aasurued to be the .s~r.e 3S steel!) and e:1.m:tl::il'.'.' ;adjustments in stra:f.n 'IM2S'ltre

ments were medc for. d~.ffi?!rences in concrete temperatures (at the re.te of 006 
div:i.sions for io F) o 

'!'eT...lperatul!:'eG of the b.a.mn11 eonc,rete .and the ntandard bar ?J w~Z'€:~ ~iasuTed with 
a l~ad shield.ed thermoc.oop,le of eopper and eon.st~.ntlm which 'i<\ao clmnped en the 
tel'!t 0012m or concrete or standard bar (see ·r:tguze 5)., Me:a9urementr;: in the t:em.., 
purature circuit (l!"igure 5) we-.re made on a Leeds·~:N;:,,rthrUp precision potentiomett~r., 
The reference t~"m.Peratura for the circid.t w~s ~a.sw~ed w1.th a precision eentigradfl 
thexmomcter in ~ater. i!l a thermos bottle,, 'Xhe r.<~ference centigrade the~ter 
·was calibrated in 0.,5° Cf) and ~fas the seme type of. thermometet" twed to ~a~mre 
air temperatU!:'eSo 

Temperatures were. ta.ken or measured correspond:tng to stra:U:r. meatiurements 
for each teat point and also cor.respond:tng to a. otat1dard bu messurement aa 
closely as ti.ma permi.tted,, It took appz:cximate!y two to three miuutes for the 
shielded thermocouple to reach the Si!Ul'.!2 temperature as the memi>er being testado 



After the test point s~raµiwas.adjusted for ten\peratw:e-difference, fliial 
-strains wex:e: computed by· t•iilg the differeuce,::9f the a4J1.1Sted strains .at any · 
test· .stage and the initial W:fu.~ained stageo. ~i$> difterence was theQ·:r:efenecl . 
to the corresponding st;anda>:d b~ · strain. d:f.ffer¢nee .over. ".the eame: stage .period · 
~d added er aubtracted11 · a~: .;$i~ :bidicatedo Like sips .being adde4 .and uril:lke · 
:s~~ be·ing subtracted for .. the. ,final straill measure1nent~ final streaa was· deter"". 
mine,d· ·by the equation: · · · · 

Stress = strain x Es x 10•5 (for steel) o . . . .. 

Stress =·St.rain xEc·X 10"°5 • stlSainxEs ~-~O .. s. (for ccncrete)o . . ' "llJ 
Note that strains ·were in divisions of the .Ames dial in the above eauatien.:. 

~e Anies. dial, however, reads 1j 1000 ilaches per incl>. fox- each dtv:ision -and · ,. 
:s110u:t,d be multiplied by; l -i pi:';.ot arm dis,tanc~ ·x gage length ~- l .§ 5 ·:li\· 20:,, ;:h~e
fore II fJtJ;"ains in divisions weul.d ·be multiplied"by l -~ 1000 ;g: 1 ~ lC~ ol!ll l•\~r:,ioooo 
io·S.,_ to get .atJ:a.in iu :111ches :i>flr incbo '!'h~ resulting $tresses for all stages·· 
for test points "a", "c''., "d" are plotted against time in graphs. A through G ·Of 
·.this rE?port o 

. E8 was taken as· 29 -~ 106 psi for. purposes of correlating the field test; data 
with the theoretical data based 91'1 AASBO Specifi.~t~onso. However, an ~rage -~8 
value determined experimentally, from test spec~~· takeii from. tlle beam. endlJl cu~· 
.on. the job was 31 :I: io6. ps~o .. 1.~· concrete stre&se~ ·a -.value of n equals· 10 ·w\l• 

.·:ti.;sed.o At a later date, ·tes~s ~re made to dete~n~.-~e :modulus of ela~ticity 
~or· the concrete from beams ·c&st on tbe jobo 'J:his ·1.~· at ~one year of ~e waa ·· 
·about 5..,2 X 106 o This results :"in CUI. 1'n" fCCtQr:.'Of '.6~ ... · . : ·:.· -- . ..- - . 
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Possible Stress Ht?asurement Errors: 

10 Concrete slab: 1 division error in reading the Berry gage equals 29 psi; 
30 F temperature error equals 51 psi: Total error possible 80 psi plus 
or mi.nUSo 

2o Steel surfaces: 1 division error in reading the Berry gage equals 290 
psi; 20 F teuzperatw:e e-rror eq1J8,ls 348 psi error: total possible error 
638 psi plus or mtnuso 

These errors may be additive or ma~ tend to cancel out in readings at bottom 
of steel beam,, at top of steel beam9 at bottom. of concrete slab and at; top of con
crete slabo These errors could be additive from one stress st•ge to the other 
stress stages,, 

,Rgss:i.ble Error&Lin Theoretical Stt:,eases: 

ln Care was used to record the .right thickness of concrete slabso A com
parison of the niiaasured stress curves and the theoretical stress curves 
indicates our recorded net amount of upward shoring after settlement 
and readjustment· could be in error o Bence~ our recorded thickness of 
slab could be in error causing our calculated stresses to be in error: 
for one quarter inch errQr in thickness of slab: top flange steel 
stresses would.be 260 psi in error.and bottom flange steel stresses 
would be 63 pai in errOrc 

2o The diatr.ibution of dead load to the steel beams was unknowno We tabu• 
lated stresses due to equal distribution~ due to moment distribution 
and due to the relative composite moment of inertia of each of the four 
beamso Since the theoretical strese calculations due to equal distri ... 
bution seemed to check closer to measured stresses~ it was decided to 
use this distribution for compiling our theoretical curveso The error 
due to distribution is Unknown., Maximum minus dead _load stress errors 
for.the 2 iute~ior beams would be as follows: top of slab 75 psi; top 
of I-beams 200 psi to 300 psi; bottom of I-beams 2050 psi to 2150 psi., 

3Q Theoretical stresses in the I-beams, due to the fact that the actual 
detailed measurements of the I•beams varied from the handbook values 
for their ft\ll length an.d varied from beam to beam~ may cause an error 
in the shored position stresses us much as 2% ! o This error would occur 
in the top and bottom stresses of the I-beams acting without composite 
actiono '!'he final composite stresses in the I-beams az:·e directly af .. 
fected by this error by the larger or smaller original prestresoed 
stresses in the I•beamso , 

4,, Errors due to welding the cover plate &nd welding the sheRr dcvlcee to 
the I..,be&US: Beams 2B and 2C were the only beams tested for stresses 
due to these 2 (>perations~ Results: ~relding cover plate: Beam 213: 
28 psi tension i.n top flange and 3016 poi compresaion in bot tam flange; 
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beam 2C:- 174 psi tension in top flange and 2088 psi compression in 
bottom flange., After shear devices are welded on: Beam 2B: 6598 psi 
compression in top flange and 3611 psi compression in bottom flmlgeo 
Beam 2C: 7772 psi compression in top flange and 2784 psi compression 
in bottom flange., These strssses m:e on the safe side and some theo ... 
retical advantages could be taken of these stresseso Our stress curves 
all assume zero stress after the welding is accomplishedo 

So Concrete slab shrinkage plus creep has .an effect on all stJ:esseso All 
theoretical curves are based on "n" equals 10 mid a shrinkage plus creep 
factor of Oo0002o From actual tests on I-beams and coucrete9 we know 
that "n" equals 6 plus or minuso See appendix item "Shrinkage plus 
Creepo" The en-or due to using "n" equals 10 and shrinkage plus creep 
factor equals 000092 is analyzed in this itemo 

6" Errors in span·4 due to the following circumstances are unknown: plac
ing of ~@ncrete in the outside curb caused a deflection in the outside 
overhang forms and a slight twist inthe outside I ... beamo This was due 
to inadequate struts across the bottom flaDges of the 1 ... beamso. Correc
tive measures were taken by shoring the outside oveThan8 forms from the 
ground and trying to measure the effective amount of upward sh®ing at · 
the jacks and at the outside shoreso 

1" Errors due to the fa.ct that our recorded amounts of upward net shoring 
of the I=beams after settlement. and the readjustment of the jacks was in 
error in 3ome cases: A comparison of the theoretical and measured stress 
curves indicates there w2re some errors in recording the amount of net: 
sboringo Composite sectiOD. stresses due to an error of plus one-eighth 
of an inch in the amount of shoring are: top of slab 21 psi compression; 
top flange of beam 1:300psi teneion and bottom flange of beam 420 poi 
compressiono 

8., Beam A aud B in span 2 were let down with a jerk some seven·•eighths of 
&n inch when the jack on that side.cf the roadway moved downward with~ 
out any waming o An attempt was ma.de to bring this jack up to the same 
level as the jac.~ on the other side9 and lowering of both jacks was 
continued o All this occured during the lowering of the jacked up shor= 
ingo 

9o On Figure l please note the fixed and expansion ends of the spans as 
builto On span 1 and apan 4 tlle amount of temperRture restraint to move 
the I=beam. over the expanaior bearing shoe was theoretically figured as 
8690 poundso Tbio force would be on the bottom flange of the I-be.mns 
and would tend to increase or decrease all stresses involved according 
to whether or not the force w~s producing tension or compression in the 
bottom flange., According to our details of bearing shoes 9 the anchor 
bolt holes in each fixed end would allost a movement of one quarter inch 
wit:ho-..tt produci~g more than the 8690 pound forceo 'J:berefore!'> all spans 
would have the s·E'me temperature restrain:b.lJ! force for a drop or rise i.n 
tempexeturec In the appendix.9 see tb.e itemii "Stresses Due to Temperature 
Changes.," In this itmn the results of inc.reases and decreases in tempera ... 
tures is analyzed between the various stages of the tests on any one bea:mo 
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Explanation of .Cy.ryes: 

This family of curves $hQWs the calculated stresae~ from test stage t:o test 
titag~-8 ·varying in the same manner as the -measured str_esseso One distinct varia
tion is the effect of wet and dry weather on the .shrinkage and swelling of the 
concrete slab!) which we will c~nt on later .. 

Curves (A) and (C) are based on field maastn:ement atresses·11 while Curves (B) 
and (D). are based on theoretical stress from our calculationso All of these stress .... 
~S. originate at stage-14,, when the beams are firftt jG;cked upo 

. . 

. All- of these ·s.tremsea originate from stage :ff8ti w-ilich is the moming after 
· the. shoring was removed.; Field: s:t.res&· measurements .. ahown .on curve (E) did n()t 
-take :account of the fa.ct dlat the Berr.y gage r.e~dings :included shortening, d® 
to· compressive stress plus shortening due to shrinkage plus creepo The shr:J.nkage 
pius creep shortening would be tb.e equivalent of 580 ps:tfor a shrinkage plus 
creep factor of 000002 inches _per incho Values of theoretical stresses shown 
on curve (G) were increased 580 psi and placed on curve (e) 8 so as to correlate 
~ith field measurement stresseso 

Curve 00: 

These curvesehow ceilter line of beam deflections l!ithrespect to time.bl 
monthso Zero time· is at stage #8 immediately after sb.oring .. wa.s remoiiedo 

Weather Conditions for EachSJ?S.!\: 

On curve.(!) a very definite effect :is shown of.the weather conditions ae 
listed els.ewhereii by the effect .. of alternate shritikage arid swelling of the concrete 
alabo On curve (A) alternate alirin'lf..age· and swelling has leas effect on stresses,, 
and on curve (C) a very definite effect cf -alternate shrinkage and swelling of 
slab is showno 

io Span l: from O~S month to Oo2 month befoh'e shoring was removed, heavy' 
ra:f.n,and floods (slab not submerged); from Oo2 month before shoring was 
removed to Ool mmith after shoring was ~empved; cloudy!) cool9 scattered 
l1ght·rain0 floods receding; from Ool month to lo2 months after shoring 
was removed9 heavy.rain and floods (slab submerged 22 days); from 102 
~tbs to 206 mouths~ lu>tl.l dry and elear 11 very light rains; from 206 
months to 306 mmithsti hot!) dry and clear; from 306 monthEJ to 5o5 mo~i:hs 9 
fai~ly heavy r'1in fall, w~- to mild; from.S,,5 months to 508 months·!) 
heavy rain"· mild11 continuous- cloudy.; from 5..,8 months to llo 7 ·months,, 
S(;!~ttered hea'V}' rains§) mild to warm.; from 11.,7 m.Onths to 12ol months,; 
dey9 wam9 and clearo 
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2o Span 2: from Oo4 month to Ool month before shoring was removed!! hot 9 

dryll clear; from Ool month before shoring was removed to Ocl mont:h 
after shoring was 1.'emaved9 hotfl dry and clear; from Ool month tc :!Jo1 
D.IXlth after ehor:Lng was removed!' scattered heavy rains!) hot to warm; 
from Oo7 month to lol· months,, war);},, dey and- cleaT; from lol moo.tbs to 
208 months9 scattered heavy rains"1varm to mild; from .208 months to 3ol 
months9 warm» dry and· clear; from 3ol months. to So9 montbs 9 cold to mild9 

scattered heavy rains.; ",from So9 months to 602 mon.ths9 clear to partly 
cloudyp cool to mild; fr-om 602 :months to llo9 months" scattered heavy 
rains warm to hot; from l.lo9 months to 12o0 months 9 hotgi dryii clearo 

3., Span 3·.: from 0,;.4 month before shoring was remov-ed to Oo9 month after 
shoring was removed9 hots dry!l clear; :from 0~9 month to 208 months after 
sJl,oring was remove~~ hot to warm9 scattered heavy rains; from 2..,8 months 
to Sol months* Wa?"m8 heavy rains,, continuous cloudy; from 3.,1 months to 
605 nx>nths 9 cold to mild~ scattered heavy rains.; from 605 months to 608 
mcmtb.slP clear to partly cloudy9 cool to mild. ; from 608 months to 12.,2 
monthss scattered heavy rains 9 warm to hot; from 1202 months to 12.,6 
mcm.ths,,, hot, dry, clear" 

4o Span 4: from 0.,5 month to 0 ... 2. month before shoring was removed" heavy 
rains and floods (slab not submerged); from Oo2 month before shoring 
wu removed to Ool month after shoring was removed!) cloudy.ii cool!) 
scattered light rain!) floods receding; from Oo 1 month to 1.,2 months 
after ·shoring was removed 9 heavy rain· and floods (slab submerged 22 
days); from 1.,2 months to 2<18 months 9 bot 9 dry and clear9 ve~y light 
rains; from 2,,8 months to 5.,6 months!) fairly heavy rain fall 9 warm to 
mild.; from SQ6 months. to .509 months!) heavy rd:n9 mi.ldt> continuous 
cloudy; from 5.,9 months to llo8 months 9 scattered heavy rains 9 mild to 
we.rm; from 1108 months to 1201 months!) dey9 wa~ and clearo 
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Beat Storage Effects on 
Stresses & Deflectio;ts 

Test Avgo lield Str.esses. 
~int 12 A&B 12 C&D D:f..ffo 

AM .. . 1M 

"c" 
Top Pl.go 12514T 123' lT 153C 

"d" 
Bo'to rlao 7069T 5256'? - 1813C 

"c" 
Top l'lgo 12057T l1629T 428C 

"d" 
Bot. Plgo 778'h 63S8T 1429C 

"cit I . 
Top l'lgo 14368% 1439"1' 239C 

:Id" 
Boto 1'-lgo S786T 3922'? 1864C 

"c" 
Top Pl.go 21743% 215111' 232C 

lid" 
Boto l'lgc. 53227 3828'.r 1494C 

"a" 
'lop Slab 9610 1201C 2~ 

"b" - . 

Boto Slab 631C · 705C 740 

"a" 
'lop Slab 11590 ·142sc 266C 

"b" 
Boto Slab S48C 563C· lSC 

"a" 
Top Slab 11630 1491C 328C 

''b" 
Boto Slab 487C 560C 73C 

"•" '?Op Slab 1301C 15510 2500 
"b" 

Boto S·labo 364C . 438C 740 

24 

LeOll River Bridge 
Coryell COo .. SC).Bo 236 

RoPo • 57 •. 10 

l'ield Deflections 
12 A6cB 12 C&D Df.ff o 

AM Bl 

00762 00686 o007E 

00783 00771 00012 

00762 00686 o007E 

00783 007?1 00012 

00862 00799 0006~ 

.,0851. 00819 oOO~ ·-
00862. .,0799 00063 

00851 ... 0819 00032 
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qopcluaiol!s Im t.J!il! teat ll:OJect: 

'lids type of design makes a very tough and rugged bridge" ln spite of a. 
relatively large ratio of span leugth to depth of l•'becm of •bout 28» there was 
no· excess vibration,, By use of the 5•:1.nch by 3/8·:1.nch bottODl cover plate11 the 
allowable tempor .. prestreea top flange streaa·was greater than the bottom flange 
atresao Since failure at yield point occurs f.n the bottom fltmp, our factor of 
safety from desf.p stre1a to the yield po:l.Dt atresa waa about 2o5 lustead of the 
uaual 1.,83 allowed for ateelo In future dealps11 it would be well to use a min1• 
mum welgbt beam for the depth required and uae a cover plate on the bottoa of 
tbf.s 'beamo l'or instance,, if a 27•1nch by l.02•pound wide flange beam WM requirecl9 

then by the use of the 27 .. f.nch by 94-pound wicle flange beam with cover plate, we 
would raise the fa.Ctor of safety well above 1,,83 on the governing bottom flaDp 
er this particular designo 

'.Ebe theoretical am the meaaured etrzus curves ~ that the theory used :I.II. 

deal&D proJluced the sama kind of changes 111, stress from. atage 8 to stage 12 o All 
of the UDJmon factors such as alu:f.nkage p1'8 creep» exact thicJmeea of concrete 
slab, cliatributlon of dead load to f.ndividual l•beama17 variation in size of I• 
beams• af.ahapa cluring construction OD apan 4 aa4 span 2 aa descrlbecl under 9 

1'Poa• 
af.ble Brrors in 'l'beol'etical Calculat:l.ou9

11 the exact net 81DU11t of each beams 
uprarc1 jackf.Da anc1 the actual effect of ~lon. and contractiOD of the I•'beam& 
over the bearing ahoea; all of the prececllng factors affect the accuracy of the 
theoretical calculations o See 0 Stra,aea Due to Temperature Chaaae•" to the 
appenclizo 

there was a ,,_.., ama11 error due to our usf.lag ''n" equala 10 in our theo-
retlcal calculatlODSo With ''n" equals 6, a shrinkage plus creep factor of OoOOOl 
11IGh per f.nOh would cause the fOllowiD.g stresses :l.n. our deaf.an: Top of ·slab 
29. psi c:ompreaaionp top of I•beam 1870 psi compre.-ton~ bottom Of l•beam 450 psi 
teasf.oll.. With ,._ .. equals 109 a abdnkage plus creep factor of OoOOOl would cause 
the following atreaMs 1u our dea:f.p: Top of slab 10 pal compression11 .top of 1 .. 
beam 1760 pa:I. compresslonsi bottom of I-beam 540 psi teuiono When the dea:f.per 
deterlli12aa the correct slu:bkage plus :·.creep factor to use by reference to the 
appendix item "Slu:illlcaa• Plus Creep," he· woulc1 be wise to use "11" equals 6 with 
the proper shrlnlcage plua creep factor o rm: 'lezaa lH.ghvay Department Class "A" 
concrete the factor of ~ f.a about right for ''n" o On our deaf.an the only atreaa
es affected materially OD IRJ!rta&Ba·atreaaea :f.a the bottom flange of the bemo 
'1'he bottom flange aclc1i.t:l.ona1 stress clue to uae of a ahrlnkqe plus creep factor 
of 000004 :f.nch per inch would be 1800 psi tensf.oaQ l'or a factor of 000003 the 
additional stress would be 1350 psi teuion" 'fO be on the eafe aide, use a 
ahrlnkage plus creep factor of 000004 lDoh pen: :l.nch and use an adcl:f.tional final 
workf.Dg stress allowable 1n the bottom f lmlge of 2500 psi clua to the wlding of 
the C0¥'8r plate and 8bear dnlceso 1'be 2500 psi streu in the bottom. flange due 
to weldiDg la compreaaf.ona hencee this would re.cluce the working stress in tension 
clue to benclt.ng momnt by 2500 psio See it• 4 UD.d.er, "Possible Brrore 111 1.'beo· 
retf.cal Stresseao 11 

lzpansion or contraction of the span over .. the ad bearing would cause 8690 
pouRds of force . OD the bottom f1ange of the bum at the bearlna sboeo This i• 
a condition that exieta OD all apana of steel and concrete deslgned :1.11 the put" 
ftie.factor has been ipored and 1• one t'U80ll why a factor of safety of 2Q5 is 
uaecl in concrete de$ip and.a factor of safetJ of lo83 ta used in steel deaipo 



'1'bere would have to be a rise or.· fall f.n tbe effe..e.tt~ ~emperatw:e of ti.le_ c~. 
~te at:uctue 1">f Oo48° Jr to overcO. thia f~ce. of 8690 pouads·o 'J.'bls force!) 
clue to falling temperature 9 would cause 18 pai compression in top of the slab, 
197·ps1 tension in the top flange and 799 psi tension in the bottom flangec 

With a ccwer plate on the bottom of the I•beamlil the prestress tension stress 
in the top flange of the I-beam govern8 the clesigno Initial compression stresses 
in the top and bottom flanies of the I-beam, ~ to welding9 could well be taken 
aceount of in the designo · 'l'his is· a temporary high streas9 and ·wf.Dkage plus 
creep will reduce this stress some 4000 psf.o The above pverniDg high stress 
oecurs at stage 8 (dtei- shoring is ~emoved) when all dead load :ts on the apano 
'Jhe shrinkage plus creep reduces this high stress and the live load i11creaaes 
this stress very·slightly9 since the top flange· of the I-beam :ls a very small 
distance below the neutral axis of the composite sectiono Because of th:Ls 11 the 
failure of the composite section occurs when the bottom of the I-beam reaches· 
the yield pointo At this stage 9 the slab stress and stress at the top of the I• 
beam is uot at yield. point o Before live load is considered9 the dead load plus 
shrlnlcage tension stress !n the bottom flange is low and the design live load 
will bring this bottom flange stress to a tension s.tress of well below the allow ... 
able of · 1a, 000 psi tens.tono Remember,, the bottom flange stress after prestr•es• 
iDg is in compressioao the dead load plus shrinkage plus creep plus live load 
has to reverse this. <:OmPression stress to a tension stresso -In oth~ words!,) the 
compression stress baa to be forced out by bending moment acting on the composite 
section before the bottom flange haes a net tension stress:i 

'l'be initial compression stress in the top and bottom flange of ~ I•beam 
f.s due to the heating of the weldingo There was 7 08 inches of one-quarter inch 
bead· weld per 11.nea- foot of top flange o 'l'here was 7 :tilches · of one•qu.arter inch 
bead weld per linear foot on . the bottom flange of' our beamo See item 4 9 under 9 

"Possible Errors it& i'heoretical Stresses.,, 11 'J.'be stresses shown under thiai item were 
due to the effect of this heat on Our sectf.ona as shown on Jligure 2 o With a 
known amount of welding ou any I-beam sectl.ont> it would be poulble to approxi
mate these cotapress:f.on stress values by comparing with our section and our 
amount· of weldingo 

It can be readily shown that this type of design is" very economicalo . 1'he 
bid coat to the Texu Highway Department for the fumishing of aheu. connector 
steel in pounds and for welding the- connectors on top of the I•beama was the 
equivalent pf·;.:add:tng 8 pounds per linear foot of structural steel to the weight 
Qf I-beam sectiOilSo The contractor kept costs on shoring and said the bid price 
of the shoring work would be $200000 per Bp&lo To compare costs9 simply design a 
simple span I-beam or a continuous I-beam span an4 compare the net cost. of the 
structural steel involvedo 

From. our experieuce9 we offer the following methods of adjusting the amount 
of jacking necessary due to settlement ill the dlor:tng as the concrete :le placed 
in the forms: 

It would 1Je better to jack up each beam individually by use of a screw jack 
under every beam·at the center line.of the sp&no 



27 

A.good method to adjust the jacking would be to jack the beams up with forms 
and reinforcing in place one-eighth inch higher than the theoreticalo Check this 
jack~ by means of an Engineer 8 s level !l reading to one thousandth of a foot., 
Take rod readings on each end on the top of the I .. bum and on the top of the I• 
beam at the center line of the l•beamo Then9 before concrete is placed9 aet the 
top of a bolt fastened to the top flange of the I•beam to the proper height to 
check with the center line of the strike-off board., As the concrete is placed, 
keep the jacked up height right by adjusting the jack until the rod reading on 
the top of the bolt ls correcto '!'here should. be a .xnan working on the jacks the 
entire t~ the concrete is being placed and until the concrete has been in place 
2 how:s., . 

Another method would be to take levels by means of an inverted level rod on 
the bottom of the I-beams one foot from the center line of the beams unt:f.1 all 
adjusting of the jacks has been accomplished.and until all concrete has been 
placedo 

Alternate Methods of Prestressf.ns: 

Yll/9 NUT 11ell'TSN•D 
10 eer PRO/fiVl/f" 
AMOJJNr. OF Ul"'WAR'D 
~l!!C'ne:JN 8El'QRS 
ANY lllf::>R~ OR' 
Ct:'JNC'Rl!!TE I'S /OllACllD 

·I/Mii~ 
lft:)O •·HAX. 
TllWSION .=! 

~~PSI 

2 
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An inverted king post trnaaf) aa showa.s: used for the pur.pose of prestressing 
the I-beam was iwestigate.io It was found that there was no advantage gained by 
prestressing in this fashion over the unshor.ed composite I-beam span,, 

If this scheme had workedfl there would have been no adjustment of the amount 
of upward deflection due to weight of plastic concreteo The deflection due to 
the weight of the concrete could be f igw:-ed and predicted to an accuracy of one
sixteenth of an incho 

50-:_, .'!__·.O./;_ _______ - --
~,,..~-------_-_-_-_-_-_-_-_-_ ..... _:.=_ ..... _-_-_-_-_ .... _ .... _ ..... _-_--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-...-_-_-_-_-._~~-

f .. /bSArM 

The a.hove general sche.tM ~s been suggested as .s means of prestre.ssing the 
I-beam and eUminate the necessity of Bh.oz:ingo An analysis will show that on a 
so~ span about 10000 p~i of the prestressing streaa in the top fla.n.ge of the 
be.am is lost due to the weight of the beam from stiff frmne to stiff fram., The 
only way to prevent this loss in preatressing stresa :La to cleflect the center 
of the beam up more than would otherwise be necessary~ to take ac:coont of the 
loss in prestressing stress., This ·additional prestreasiug stress ~dc:led to the 
stress due to the original upward deflection would make t:he psi stt:esa well above 
the a.ll<r4.ab1e in the top flange of the !..,beam even for a temporary stressc All 
upward deflection noted above would be forced into the I-beam be.fore the plastic 
concrete and the forms were placed in order that no adjustment of upward deflec-
tion '\irould be necessary o · 
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Methods of Calculating Stress 
on Shored Composite Beam 

(Constant Section) 

METHOD A . -

Page 2 of 2 

Moments I and II are the moments looked ;.nto the shored beam when it becomes 
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composite o ~rhe reverse of theae moments will act with the net DL to deflect 

the beam dmmward when the shore 16 :removed., Therefore)) Mx (lrevo + V) ia the 

moment 9 induced by removing forms and shorea The stress due· to this moment is 

based on the composite section and · sb.ould be added algebraically to the stress 

due to I end II whir:h is based on the beam sectiono 

App.lying a load9 which :l.s equal and oppooite to the shore r.e.actionll to the ·beam 

in shored position is equivalent to riawoving the shore reactiono Thereforea 

Hz (III + IV) is tb.e moment induced by reman;ing forms and ahore., The stress 

due to this moment ~ts based on the composite se~tion and should be &dded ulge"'' 

braically to the st~·e$S clue to I and I.I~ whi.ch is based on the besm s~tion o 

The tcqo ~thods will yield e.qual results o 
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SHORING M<»mm' (Stage #4-7) 
.-....... ii 1 pr 

LEON RIVER BRIDGE 
COB.YELL CO o 

SH - 236 Span ! Beam .£ 
RP~lO Pgo l 

Shoring performed by jacking bes up 1"15211 at$ spano 

r·~m: Moment of Inertia Beam + Plate 
CB•21-59 , j'a!:t I A y : Ay d .AdG Io 
Io = 1"250 in4 

.BeLW I 17042 0 0 -lo037 1807 lp250o0 
4epth = 20091 ino 

~.ii I 1088 10.,643 200009 9o61 17306 need.. 
J!'igo -t: = Oo57.5 ino I 

I 200009 I . otall 19<;130 ...... -- 19203 1 .. 250,,0 
A= l7o42 in2 -CO\t .. IP data: 1mi+lf = 19~o3 + 19 250 = 19442.03 ·ln4 
length~ 18' "." on 

f ~ •. 3/8 in" 
Io I "" . s t ... Oo867 A 111 1088 1u2 = 

IBM +fl 
·D • ··~ ·-

s.h:orina M./I0 !'liazram 
'· -------- .... 
Moment in ~~ of 1l at t : 
EI0 dm '" \ x 2 x 24,,2.!1

2 
- \ x Ool33 x 2/3 x 24 .. 25

2 + % x OnOS4 x 2./3 x 1.5 0 252 

EioJl "" U (196o0 - 2CL1 + 605) = 176o4M: 

for: E = 29 x 106 psi Io m lt.i250 in.4 
9 Jl in inehes 

MG, = . Eiotl ... 29 x 10f'..J.L\si250 x4_ = ~920.A (!J:~;J,R.o1 
176J; 176·o<'t X 1,728 -

·~test pt,,= Mt X ~ ~ .~R9allOA. jfto;~h) 
2402?· ll4 125,695 (fto-lbo) 

,.. laSOS>l40 (1n.-lb") 



z.. .. sp.AN CONTINUO!J.S UNIF o 

LD" MOME!lsWX COEF r;_fo..T S!iORlNG 
~UPPO-R~T.._.~~--~~~-

LEON RIVER BRIDGE 
CORYELL COo 
SB ~ 236 

32 

Bl'~lO Pgo 2 

SPAN 2 BEAM .Q Stage 14-7 

003111
2 = 0.,1377 

A:!:ea Moments about 0 A" 

© 2/'J {15o25) (003955) ~~) 
@ l/2 (15025). (009336) ( do ) 

QJl 2/3 (9o0) (Ool194) ( do ) 

001377 (0867) = Ooll94 
Co9336 (0867), = 008094 

l5o25/2 

2/3 (15025) 

15025 + 9/2 

1 025 + 9(3 

· .. 

4/8 (Oo918 - 0,,9182)] &JJ.. .Z 

= I "'Oo08l9 Wf/.. ~ ] 



2-SPAN CONT:umous POINT. 
L.'Do Mm!ENT OOD" AT 
Sl:IOO.ING SUPPORT 

LION RIVER BRIDGE 
CORYELL COo 
SR - 236 

33 

B.P;..10 Pgo 3 

.Area 

2.aso P/Io 
2. ~6~ P/z9 
eJ • .S 74 P/r0 

{!) Oo374/2 (l5o2S) (f/Io) 

@ 3,,178/2 (19.,75) (P/10 ) 
·• 

. ® 30178/~ _(4 .. 5) (P/I0 ) 

.. 

116.,q; M/Io = t s. 

-
--- B -..0 

-x 

2./3 (15025) 290001 P/I0 

2/3 (19075) 413,,205 P/Io· 

19.,75 + 4..f}/3 1510950 'l!/!0 

,. 5.940156 P/Io 

(16 \J=" 36) = ·$6 (7..0i) = 2~2 lb.., (ni;T o BM .. ) 
126 lb<. "Cmo B'Mo) 



·UNIJ10BM LOADS Stage #4•7 

SPAN ,! BEAM f 

SC.Al' OLDS 
FOBMS 
BEAM 
COv o ft. = 

LEON RIVER BRIDGE 
CORYELL COo 
SR - 236 
RP • 10 Pgc 4 

SHEAR LUGS Avgu over entire span 
· REIN o S'l'L o 

CONC" HAUNCH & SLAB 

-~~---· 
1 ~·-4"f:i111 -1-· ia18(6s~7fl(.1s_)_~_4.Jol4 K/p. 

=io/~ ~ /. -F: d . 

* By simple beam tiist,, on half of bridge with wet concrete = 555cl pclafo 
Note reduction is due primarily to Cantilever of curb forms and conereteo 

TOTAL MOMENT ON BEAM Stage 1~7 

... 109$)110 ~ 
- 0<.0819 ~.., 

- 1047 p 

M/I 1111 

STAGE 

W era 734.,9 pol.afo 

= • 125p695 (fta-lbo) 
= .. 35t>393 
= ... 370 

flJ ~ 'fP .D ., 161,,458 (fta-lbo) 
:a -J.P37-;496 {in~·~lbo) 

f 4 ... 7· STRESSES psi 

1T HE 0 R E1: IC AL STRESS 

Te·st }Pt., C iu., M/1 

"c" f s top 10,.917 lii343c3 

"d" f ~ """*" ~ 8 .. 843 do 

P a 252 lbo 

n = 10 

Average 
C x M/I Measured 

Stress 

·l49665T 20y315T 

ll9879c 169255c 



§HIINKAGE ST.RESS ANALYSIS 
COMPOSITE BEAM 

AASHO Design Sp9cif i~ations 

LEON RIVER BRIDGE 
CORYELL COo 
SB ... 236 
RP•lO ~go 5 

MaX Allowable concrete shrinkage strain (S) == Oc.0002 in/tn 
-- Es ~= 29 x 106 psi n • 10 -

Max Allowable initia~ shrinkage stress on steel .(fso) : 

f 80 • s 11 E.8 • •.S.~800 ps~ Compression 

a------r4-""'l#>--~5.-.'lilo-tA.-1~ ~.~:· 
u--_,.,.,._-"""""'"" ~--41\l"'~=&rAg. ~5 

_...,,_...g. .. -,rp..._,~,..._._ . .Af~-· -

_ (F1) (F2) & (F3) are the ra~.isting forces of= the et,eei in the opposite direction 
to the compressive shr.iDkage stress o (R) is tb.e. to,tal resisting force ll)f t'he 
section, acting a distance (er) from the neutral axf.s (NA) of the compos:tt_e -$.eCtiO!l" 

By momenta·Of forces about the (NA) : 

er mi FtYl + F2f2 Fsf3 
. R 

Final stresses are.calculated ~s follows: 

W!iere: 

Transformed area of 
sectiono 

-IT = Transformed mom~ C)f Inertia0 
~ 
I 

Note; Ar & IT are in 'terms 
of steel., 



PROCEDURE FOR OORRE~TION rm'· FIELD 
§IjmSSES AND 'JBEO~ICAL STRESSES FOR 
CON<..UTE DUE 'l'O FULL DEAD LOAD PLUS 
~RINEAgE__{S).,J'LUS PLASTIC 'IfUM (CL. 

Shrinkage + Creep Strain (s+C) = 000002 ino/ino 
E8 • 29 x 106 psi (AASRO) 

.,
0

• f8~ ... S•E9 = 0.;0002"' 29 • 106 =- 5 11 800 psi ·Compo = initial steel stress dtie to Shrinkage + Creepo 

LEON RIVER BRIDGE 
CORYELL CO o 

SH .. 236 
RP•lO Pgo 6 

Final Field stress on C9ncrete due to dead load + shrinkage 1111 fcfldo 

Final theoro stress on Conc~ete due to dead load = fedolo 

Final theor" stress on Concrete due to shrinkage + plastic flow = fc(s+c) 

also 

however (By Correlation) 

.,
19

,. Since fc was measured with the Ho Oo _'.Berry 2on Strain gage and 
fldo 

probably includes actual shrinkage movement the correlation should be as follows: 

f ... f. + l (!r Re c c) + 511800 
cfldo c do lo n ·R n-

Lr 
for n DI 10 

f = f + 1 c~ 
~t;) a,B: ~ c) cfldo cdolo To + sao 

IT 



!C!IENT w· :mERTIA 
C<MPOSITE BEAM 2·C 
·(t~egleet haunch) n=lO 

A 

. 0 + II! 191>30 0 0 
" 54. .. 72 18.<-0l 985.,,Sl 

. L1IDN RIVER maOOE 
CORYELL OOo 
SB - 236 
RP-10 Pg~ 7 

Ad2 Io 

341900 144203 
l.20808 l89a0 

31 

4627,,8 163103 6~59.ol 

ctop slab 1'.11 

· Cbot .. slab = 4 "70 
Ctop stl" tp = 13031 ( -100917 = 2.,39'~ 
'1>ot., stl;> tp m + 80843 = 22.,15" 

. . 

SBRIN!AG§ STUSSES Stage fg ... 12 

S m 0.,0002 fn/in (AASHO) ~ = 29 x 106 psi -
F4-4' = lo24 (S9S_OO) • 7192 Jb 
F3-IS = Oo93 (- do ) • 5394 . 

"bm +I= 19o3o < do > =111940 

f · • sE ... so ·""· 

7192 {.5o79.5) + .5394 (3"605) "" 1119940 (13~311 
. 124,526 

Re/Ic = 228 psi/in,, 

= 5,800 psi 

f s top = -s,soo + .. 1,692 + 228 (2 .. 39-)/ u -31)563 psi c 

fa boto Im -4,108 + 228 (22ol5) = + 942 psi T 

f c top = .169 .. 2 .... 22.,8 (7 .. 92) Ell ... 11 psi c 

fc bot.; = 16902 - 2208 (1"48) ml ·1· 136 _psi T 



·Stage f8 ... 12 

38 

I.ION ·uvmt BB.IDGE 
CW.XILL COo 

. SB • 236 
IP•lO Pgo 8 

Ao Shoring deflectio~J,J __,{ • 48051 

118i;920.t!} • Jl4 /4 .". B.4 • 9ti808.A ,{lbo) 

Bo Uniform load: 

V 8 • Oo5 4A1 J.12 (2) .. 

Ve • Ool301 u.1f /2 (2) •• 

8mrAL - A+B+C • 

11•'8 - ~ /j4 1111 

--

v: .• 
'?OT 

30.,56(,c./ (lbo) 

9,,808,6 + 30o56w + 109068 p 

48 ,s /4 ( B.roo:) .. 120125 ~o 

:. Ill> T.R • o .. 9J.8 (12012$) lt.mTo GI 1110125 1wta I 
fl. - 1Q1S2" UJ• 75005 polof o* p .. 252 lbo 

* for equal d:f.sto of all DoLo 

• (llol25) (12) [ asos (lol52) + 30056 (7SOoS) + 109068 (252>] 

Mlle • 74004 lb/in3 

THE Olli TI CAL .•STRBSS psi (n" 10) Average 
i l{easured 

:reat Pto c in M/I/ MlX z C sprinklllge (4-7) + s + (8-12) Stress 
•. nsi 

"a" f . c top 7o92 740
10tt 58~ llf! 59)'! 1,.3$1'; 

"b" fc bot., lo48 do 11(j: 136" 2tr. 54].C 

"c" fa tOD- •2o39 74004 1,,77~ 395634l 12ti872r. 17,35~ 

~'d" f s bot 0 •22o1S do. 16,400! 942~ S11463T 3ri589T 



LIVE .LOAD MOMENT & STRESSES 
i'OR TEST. TRUCK & B--15 TRUCK 
COMPOSITE BE.AM 2-C 

LEON RIVER BRIDGE 
CORYELL COo 

SH .. 236 

39 

AASHO Spec~ Stage #13 RP•lO Pgo9 

TEST TRUCK DATA: (Dump Truck w/side bdso, filled l'J/a.spho) 

Wheel spread 
Wheel base 
R~ar Axle 
Front axle 

• 58-St" • -50688' 
111 ·10 8·1~11 m 10o87S' 
m 13,660 •lbo Im. 6,830 lbo/tfho 
m 4p34-0 lbo:; = 2fl 170 lbo/Who 

TBST TRUCK POSITION ON BRlroE: (2 trucke used) 

D 

Ab?ve position for muo moment on beam A & B reverse ·position on bridge for max 
on .. beam ,C & Dn · 

!'OR INTERIOR BEAMS: 11!1 Oo644 lanes 
au. 

EXTERIOll BEAMS: S • 70083 • 1.,227 wh · ., Oo614 lanes 
4 .. 0to .. 2;;c~> . . 4~0.t1 •OB3J(0.,2S) .. · · · Dii -ea-

t 3 50. = 0 0 286 . 
·12s+4So5 

~~g/~o.··

.~ "41 



AASBO s··acQ Stage #13 

test Trus;k s-·J.S '?ruck 

LION lUVEJ.t BRIDGE 
COB.YELL CO., 
SH .. 236 
RP•10 Pgo 10 

Pa, = 68 830 (lo288) • Soak 
Pp • 2tl70 (lo288) • ·2o7gk 

Pa w 12 (io2~) (1.288) • 

Pr • 3· (lo286) '(lo288) • 

f~r Exto Beams mltiply· abo\re by ,!,227 • 00 953. 
·1 .. 288 

~-1.;j I1SW lt\to P • 13_o5 (0644) -(10286) • llo2~ 
J!2ea not Con~ IJJ• Oo48 ( 0644) (1~286) UI o.,4<J,t/f 

for Exto Bmo multiply aboVe by 0 .. 953 

(22o25 x·l5o375) 
~os· 

120043 
+ 808 (22,o2Sx 26025) 

. 48·os . 

. •· 12~h7 n,..feet· .z 12,,000 .. 1,508,400 in-lb 

Ic • 61 25901 in4 for· extc: beams • 1·,.437 ~sos in•lb 

~Into· M/Ic, · • 241 psi./'in·o 

B•l.5 Truck (into beama) e: ,, '* . 
Lr.L...Mo 1111 4o97 (22p2S· X ·12o2S) + l9o9 (12D43) S 

48o5 
• 27o9 + 23907 • 267o6kf • 3,211,200 in•lb 

lor eXto beaDls • 3,060,274 :ln•lb 

·Into MIIc. • 513 psi/mo 



LIVE LOAD.MWENT & STRESSES 
l'OR TEST 'AUCK & u ... 15 TRUCK 
C<MPOSITE BEAM 2-C 
AASHO Spece Stage #13 

Test 'l'ruck LoLo . Stres8es & · Dead Load Streases 

THEORETICAL STRESSES psi 

Test<> ff; c M/Ic M/Icx C #8-12 + #13 

"a" f~\ top J 7~92 24ol 191,~ 1sse 
"b" f C. boto 1048 do 36C l~ 

"@" f 2~39 241 S16J 13s448~ s to1> ,_ 

"d"f . 
-........... _ 22015 a..,· 533ft 10e801'r 

LEON RIVER BRIDGE 
CORYELL CO o 

SR • 236 

41 

RP•lO Pgo 11 

!l 1111 10 

Average: Measured 
Stress nAi 

lv541f: 

45].!.: 

18,256f. 

792851' 

ll=l.5 Truck L~Lo Stresses & Dead Load Stress~s n-10 

THEORETICAL ·STRESSES p~i Average Measured 

Test Pto I C :I.no M/Ic 
.. 

M/Ic x C 18·12 + #13 Stress psi 

II 11 f a c top 7o92 :·51a3 r 406C 1;;003(# "" -.· 

"b" fc boto 1.,48 do 768 5C:C "' ~'c"' f ~ top 2,,39 513 1!'>226T 14~098Y ' 'd" f bot . s " 22.,15 513 tl,363r 16,,826~ "" 


