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nNAl REPORT

Use ef Pre<:nt-J'TeHressed Concrete fer Bridge Decks

INTROOUCTiON

The rep.ir ef cencrete bridge dech en ..ny of our htghways cD/ltlnues

to be .n expensl.e .nd COllPlex orebl ... The use of precllt prestreUed

cCllcrete fer bridge clech can partially .ehe thh prabl.., by Incre.. 'ng

the our.bll1ty of tile cD/lcrete through plant quality centrel .nd by reo

duc'ng the HOle required to construct I bridge deck.

A cOllllllete deck con~hts of prK'st prestressed sllbs, e.ch hning I

.. Inl .... thtcktiess of 6", • lengtn "'lUll to tile tr.nneru dl.... 'on of

tile brldqe, .nd • "idth ef .t leaH four f ~ t . Tile .labs 're placed tr.ns­

. e r ~ e l y te the brldqe Hringers .nd connected te the top flange. of the strlnQ_

erS by ....n. of spring clio. "hlch Ire belted te in.erts elst tn the concrete.

A preteMlened .tress Is .ppHed In the 10l1gltudln.l dlrKHen ef the sl.bs.

Two bridge. were con.tructed in 1910 u~lng tile .be.e described concept;

one wn I repl.c,,","nt ded fer .n existing bridge ne'r 81_lngton, lndlln.

(See F1gure No. 1); .nd t,," 'Kond .as • ded fer. new bridge ne.r Knights­

tOWl'l, lndhn. (see F1gure No.2). Since 1910 beth brl6<le. lII.e bHn periodl­

cilly _>nltored tnrough the use of per"llnent strain g.ge in.t.llatlon. lO)unted

On bOth t,," steel b.......nd the prK.st sllll1. Periodic vhu.l In.pectlon.

were Ilse conducted to usess the condition ef t,," Joints .nd .l.bs. To

dite both bridge~ have perfonoed s a t i ~ f l c t o r i 1 y with the ucepHon of •

few .iner prebl ......

The followin9 paper is tile tninl Ind fln.l report to be pubHshed On

the resel"h conducted It Punlue Unl.erslty On the sutjKt of precut, pre­

.tressed bridge deds. The first report .......Itten by J.... ford In 1969
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and described the hboratory reseaTch condocted on Pr1ltot)'lle shbs. An

tntert. report by Peter x. Kropp .... published in Mlreh 1973 wMch <leo­

uibed the construction ,rid tnUl,1 101" tests co....ucted on both

tile 8\0.-1"gt....nd "'IghtstOMl bridge.. This fln,l report "Ill first

de'GTttle tile constnJcttOfl procedures und to ce-jlltte both bridge decks.

Then procedur.. wert also described 1n the Interl. Ttl"3rt bIIt In SOIl! cue.

these p.-.x:edures ..... hlportlnt In undernlndlng ""1 cerbi. probleas h.....

arhen. The present physical col'lditlon of tile tlrld9" ,,111 .Iso be

dl.e"uN! in te... of the Ire....he.... 01'(\01 .... II... arts .... tile \lOsslbl.

solutions to these probleoos. II'Id rK_....ulons for further ren.arth Ind

for 'uture proje<:ts.

81_1ng10" Bridge

Cluring tile ._r of \910 the above descrlbe<l p.-Kut prntrtUed deck

wlS inH.lled IS • rephcNe!lt deck On I 2 line bridge located 3.11n

north of Blo.-1ngton, Iodhna on SR 37. The existing . t r u ~ t 4 J r e 10 an

elght-pantl thru tlP" pony truss with I single span of 12S fttt oyer

Be.. 810ss.. Creek.

Construct Ian .... started OIl June 1. I910 wi th the r_al of the old

reidan:ed C O l ' l ~ r e t e deck Ifter which t'" top fhnyts of the stringers

aM floor beI_s were sandblasted aM coated with epoJl.)'. T'" top flanges

wert prepared in th1s ..ooer in order tlllt a layer of e P O ~ l could be

placed on t'" steel .tringers to provide a PI"OptT bearing for the new precast

slabs. Since the roadway CI"OWl1 !lid been butlt in wUh the s t r i n ~ r s , the

t.... exterior stringer. were rahed 2" 1M I S/8" thick """tlnllQu, plate was

tick-welded to the flanges of the two first Interior strln'lt... T"'..

IdjuStootnt" coupled with the e ~ i s t \ n g stringer CI"OWl1, allowed the precast

slabs to deflect to confa,.. to the adjusted contour wUhout ,"Icking. S l n ~ e



•
the top fhnges of tile stringers ~ r e higher than the floor ~ ... fhngts,

steel .nh"s were tack-welded to the floor bea.. fhnges to the sa"", elevation

as the top of the strtngers frallltn9 Into the floor be,.,. Thh provided

• continllOus support for the slabs at the Hrtnger lo<:Htcns.

Tile slabs ""r-e ent by Construction Products COl"\lOrltion of Llhy('tte,

Indiana. A typical slob (See fIgure 13) contained twelve 7/16" di_ter

270
k

,trand ,,1th In inHhl pull of 21.100 lbslstrand. Elch slab wu 32

feet long, 6_1/4 tnches ~ p and appro"i..,tely 4 fHt wide. After eaCh <lib

..as detensIone<! and reooved ,""" the fo"". 1/16" ,,4.1/4" ,,32' neoprene

strip was bonded to the Nle keyway. Just before the slobs ....re phced on

Ue brIdge. 3/8" diameter" 32' polychloroprene flexible rod ..a. bonded to

the male keyway to ser',.... back-up material for the joint SNhnt. The

spectfied conccete s t ~ n g t h wu 5000 pst at 28 day. with the Ictull cyltndec

s t ~ n g t h s I.erlgtng 69Xl pst with an atr content of 51 to 5-1121:. [ach

.lab WI' lightly broome<! longitudtnally for Idded sktd .-eststlnce.

The sllbs "".-e deH.e.-ed to the bridge by truck with 4 .1Ib. per truck.

The sllbs ""re lifted directly frolll the truCk and placed On the bctdge

ustng a truck-munted crlne. On the ftrst diY, June 30, 21 slab. were set

in 1-1/2 hour•. On the followtng day the cO!llllining 12 slabs were placed

and the entice deck wu post_tensioned.

Slab placement begin at the north end of the bridge and proceeded

sout""ar<l. ftguce 4 .how. the phcenlent operation. Aftec each slab ....

tn place, it .... ltghtly fastened to the two outstde strtngers and to the

.. tddle strtnger ustng 115_R[_F cli1rwod cltps and 3/4' diametec bolts. The

bolts "".-e not tightened so that during the post-tens toning stage the slab

could OIQ.e longitudinally, but would not buckle. When four slab. had

been .et, th.-ee .tcand. of post-tenslontng cable we.-e fed through the slabs,

one It each edge and one in the mtddle. A force of 2000 lbs. WIS then
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appl1..:l lc each of the tnrH stranos to snug up the . l o ~ . . Tnh proce..

.... repeated after another four slabs were placed unttl .11 U'e .lib. were

set.

After ,11 the shtl5 IIIId ~en plact'l, the ._lnln9 fhe post-tensioning

cables were fO<! through eM slabs. All eight post-tensioning stranch ...re

lit" dlUlettr not atld were ancued 1n wUt'1'roof tubing. Ail Inithl Jacking

force of 16,000 lb•. woo applied to elch of the eight UNndS using the

two hydrluHc Jacks .yffOttrlcally about the bridge center line. Ourlr>g

thi. inithl post-t.."slonln9, the trud crane whteh .IS uslld to nt

the slabs was parked at ttle north el'ld of the bridge to keep the first

eight or so sllbs 1I'0Il developing an .xceuhe COIII're.. lye .crus in tile

slab Joints SIlICa the joints were hlrly tlgM to begin with. TM,e Joints

at the I>Orth fIId "",ra tight due to the aboY......tloned 'snugglng" force

applied .tter elch set of four slabs wert pllCed.

AHer tOe 16,000 lbs..... Ipplied to each of tOe eight .trand., the

tNck Crlne _n driven up and dO"" the center of the brldqe. This operl­

tion ...s done to relene any slob. whteh ""d 5OIll!_ locked up Oft tile

.trlnge.. lrld clused the totll length of tile bridge deck to sllorten by 3/6",

Tile truck Crlne was then drlven off tile bridge Ind tile fll'lll post-tenslonlng

fo"e of 2B,!lOO lb•. was s)lU!trtellly Ipplied to III elght strlnd•. tne

of tM probl_ encounteT!'d during tnts flnll post-tenslonlng fl'Oll 16,000 lb•.

to 28,900 lb•. was thlt the chuck. on .0IIe of the strlnd. would not

h n ~ d l l t e l y release their grip. The jiltS of the chucks nod ~c ... ·set" In

the strlnd It 16,000 lbs. Ind hid the Initial force level beell hlgller thin

16,000 lb•. , It is doubtful ""ether the chucks would hive relnsed easily

upon retenslOlllng.

The only probl .. ,,"countered during the Ictull slab phceooent cue In

pllcing the Indlvld... l slabs ""teh were directly over I floor ~ ... "



•

bloct-out to I t C l " . D d . t ~ COfInKtt"" Ingles • ..tilth ~ r o t r l o l d e d fro. tile top

of .Ich end of tile floor beUI, ... s not 10'"9• ..-.o!I9h to .110" for 'shet"

in the slab plle..."t. n,h difficulty ..as re-e<!ie<j by burning off tile piKe

of oach Ingle ""ten "as interfering "!theh,, sllb bloct-out.

fol10lring tl>e flnll po.t-te.stoning D ~ r a t l o n .11 of tile s!abs ~ r f

~ ......nutl.l' hstened to tile stringer flangos using tho 115·R[·F rlilroad

clips bolted to 3/4" <ll ....te. insut' cast in the .hbs ( ~ f figure '5).

Tile 115_R~_F clips used weN! dlffuef1t fro. those specified and could not

be dr.wn up Iglln.t the 1""",. p.rt of the top

nlnge Meluse the offset spacer on tile clip ..as d ~ p e r thin tile flange

"as tMe', All of the offset spacers Md to be bIlmed off, the bolts were

9N!..ed, and tile bolh ...... ttghtellt'd "Ith In electriC tOTque ...."nch to

I p p r o ~ t ..tely SO It Ills. of torque.

The Jotnto were then p r e " , , ~ for the joint .uhnt. Ych jolnt "..

b..... hed Ind clelned with In 11r jet, Ind DuPont prll11er YM-22 WI' Ipplied to

the WIlls of the jolnt, Ind the .ellont WI. then pllced in the joint•. Two

tyOt. of poly\lretlllne ehstoooeric joint .eehnt were u.ed. An ehstOllerlc

.ealant could be u.ed ln this c..e .ince the relative .,v_t. at the jeints

Is .1ni.1Zecl due to the PO.t-tenslenlng of the .labs. On the flrst four jolnts

at the SOIlth end ef the brldge Dul'ont 629-915 "[..en" w" u.ed which is the

.1Me .ellant e..ulated ln the laborltory te.ts en jelnt sellants. For best

result., this ..terill requlre. In Ippre.iNtely .qulre cress .ectlen,

necessitating tile u.e of the previou.ly de.cribed polychoroprene blck_up rod

near the tep ef the jolnt. The "loron" ..... IppHed "ith I caulklng g"" Ind

then toolecl lnte the joint with I .elpy fll1ller. The .ellont U.K en the

reNinlng joints had e••entillly the ..... c_'ltion, but .... ln liquld

fo.. Ind .... poured lnto the joint. Since it WI' I liquid, lt .eeped

past the beaded strip Ind the joint t>ad te be filled .everll tl••. 0rIe
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p!'(lbl .. ""tth '!'(ISe wtth the liquid ~ e . l a n t was tllat . \ ~ bee..... efItrapped

tn the ~ e . 1 a n t and e'Pfondod, pushing "'IIII! of the ~ e . l . n t ovt of the joint

.nd fo ...lng • perNllent bubble .bo.e th. ~ u ~ f a c . of the ~ l a b . . UfId.r

trlfftc thh bubble wore .....,. leavtng. void tn tile ~ •• l ""tch

subn-quently le<l to water ~ e e p a g . throvgh the JOint.

In areas wh.re tile ~ 1 a b s dtd rIOt be.r dlre\:tly on the strtng.rs ••poxy

.,~tar was ulod to fill th..e ~Plt.~. This tud pointtng .....ttOlllPlhhecl

ultng. ~ ...11 "'1(Wl'~ trowel to f o ~ t e tile -:>rtar bet....... the bottoJl of tile

slab .nd tile top flange at the s t r t n 9 0 ~ . Thh was only ,ucte..fu' ""ere the

~ p a c . bet....n the top fling••nd .lab bott.. w a ~ 1/." or greater. If the

Ip.C.....S Ie.. th.n 1/4", the labor.r h.d dlfftculty g.tttng enough 'POlQl

lIOlrt.r into the ~ p . c . to fo... I ""lfo... beartng ~ u ~ f a t e o"r tile enttre

flange . u ~ f a t e .

Th. b ~ t d g ....s opeflod to t ~ . f f l c On July 16, 1910. The t(IfItr.ct

~ ~ t f i o d that tile brtdge would be do~.d for thirty d . y ~ but due to the

extra work of r.tstng the ~ t r t . g e r .levattons .nd. d.lay In the deliwry

of the ~ l a b ~ . the brtdge wu openod fifteen d.ys behtnd ~ c h e c l u l . . Tabl. #1

~hows the ti... ~ p . n t on the v . r i o u ~ C o n ~ t N C t t o n o p e ~ a t t o n ~ .
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!niqhtstO,," Brld9!'

The 'e<:ond uperlnent,,1 field Installation h on Indiana State Road 140

O.er the Big Blue Rher Ju.t ,outh of !nlghtst""". The .tTllcture " a

three .pan continuo." steel beam bridge t>a.tng ,plns of 70'-10'-60'. Tile

deck conshts of 52 tndhtdual .labs, 38'_4" lotlg Ind 3'-10 13116" Wide,

po.ttioned on .teel belleS spiced It six feet on center. The .labs l'II.e I

b.i1t In cfflWPl with the thickness of elch .lab •• rylng f .... se.... Inches

It elch end to ten Ind one-l'IIlf tnche, .t the center. Figure f6 .ho...

• n ele.ation and cross section of I typical slab. The keyvay dinenslons are

Identical with those used on the 8100oo.tngton bridge. The neoprene sheet

between each .lab is 1116" x 6", bonde<l to the ..Ie keYWIYs O.er the

full length of elch slab. As in the 81""",tngton instillation I flexible

polychloroprene !>Ick"up rod ... s used It I distllnce of 3116" below the top

of nch .lab. The .lab WIS anchored to the beus wtth 115_RE_F rll1r<»d

cHps Ind 3/4" dll...ter bolts. In this clSe the offset spicer on the clip

dtd not ha.e to be burned off IS at 810Olltngton .tnce the fhn90S of the

floor bel..S were of s.fflctetlt thickness that the clip could be dra"" up

Igatnst the I"""r .tde of the upper fhnge. A typic.1 .hb contained

eight Ill" dta..ter 270 kip pretenslontnq strlnds with In intttil poll of

28,goo lbS. Tile top strlnd. were harped It tile center to fol1 .... tile Cl"<)l«l

of the shbs and thus ..intltn • unHo,.. c_resst.e stress Icross tile slab

s!'ttlon. The concrete strength It 28 dlys .... s specIfied at &lOO psi .nd the

.urhce was bTO,,", finished. The Intghtst""" .lab. were Ilso OIInufactured

by Gonlt ....ctlon Products Corporation of l l h ~ t t e . Indhnl.

The const ....ctlon of the brtd'lO WIS started in the elrly spring of 1970.

After clXllPletlon of pters.nd erection of the steel tie•••• the first IS

preclSt .Iab. were pllced on June 24 and On June 25 tile r_tnln9 37 sllbs
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... re set Irld IlOst-teolstoned. Figure 11 ._. tile .lab plac_nt operltlon.

A probl ... which lro.. during the llO.t.t.".iontng opoerotlon .... the

Ippoe..lnce of eight 2'-0· long criCks III\1<h ran In tile longltudinll

dirKtton of tile brtdge. This .... due to irre<)Ularitle. in the top

portion. of tile Jotnts wlltch CIU.ed. poor fit between adJlcent unit•.

Tile POu-ten.ioning operation clu.ed I bendtnq .tres. tn tile .lab. whtch

fit (IOOrly. re.ulting tn the crick•• OIIe to tile fiCt that Wlter could

.eep do"" tnto tlle.e cricks Ind ..... t the preten.toning Clbles, I .ell

C<Ult of epo"y .... Ipplied to tile bridge. Integrll curbs "'re poured tn

place Oft tile brtdge deck Ind the bridge .... opened to trlfftc on August 6.

1910.
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Ft9"'" no. Junction Sox .t I:IllghUto"'" B r l d ~ S/Ioooing the Strl;n Gigo
1looI::-lJp f .... the .-!>2 PI" CoMKtorf to u... DIU
Ac""hhtOll S",t.

"

rt"'.... Ill. Dot. AcqvhttiOll S",t_ with the Sw1tchl", ~ h 011 the ltft
and the Strlln R e c o r c I ~ OIl the ~ t g l l t



T~ ~qul~t used to ncord Hroln rUdlnq. during uch l o ~ d t ~ s t

.... IIlInuhctu.-..d by Mltrh Corpor.tlon of lndion.lIOlh, lndhn. Ind h

.1Iown In Figure Ill. This d.U iCquhitlon .yst..,w111 r ~ c o r < l tile strlln.

fro- o n ~ llundred gage. In I IIItt~r of second.. l l e f o r ~ ~ un ...... d ~ ,

the .cqulsltlon .y.t....... c o n n ~ c t e d to the H r ~ l n g ~ q e s cn the b r l d 9 ~

u.lng c.bles. with ene ~nd of the c.bh c o n n ~ c t e d co the f _ l ~ M p h ~ o l

connectors in t ~ junctton box On the bridge ($ee Figure '10) ~ n d t ~ o t ~ r

.nd plugged Into the .cqulsltlon .yst... (S•• figu.... ,11). ~ c h c ~ b 1 e

contalnod ..ir;ng for ten .troln gage•.

Stotlc L o ~ d T.stlnq

In order to conduct. 10ld tnt, .n Indl.n. St.t. "lgl'lWly Conohslcn

t ~ n d ... duq> truck (se. figure 112) .... loaded ..ith ... t . r l ~ l , ..tIlch ..n

usu~lly und, ~ n d both the front ..1. Ind t.>nde. ..Ie weights we.... N!corde<l.

Th•• t r ~ l n g.g•• weN! Itt.ched to the dltl Icquhltton '1Ste., the bridge

.... c10.e<l to t r ~ H l c Ind .tro;n glgo zero Ind c ~ H b r ~ t l o n r ~ ~ d i n g . weN!

N!corded with nO ••hjcles on the bridge. T h ~ n the tnt truck .... p o . l t I O " ~ d

on the b r t d g ~ 1M ~ N!cord .... Nd. of the .trllns fro- 011 g~g~ •. The

truck ..IS UI~" dlN!cte<l to I new po.itlon .nd the ~ r o < : ~ .. repelted w1th ~iCh

truck position being s o l ~ c t e d so u to Itt_t to gl •• I ....1_ .tr.ln

In IS S/lftJI s t r ~ l " g ~ g e ... ponlbh. flgu.... 'll .bow. t~ te.t truck

~ ~ 1 dlllen.I01l. " " t 1 ~ Flgu..... II. through '11 show the truck po.HI01lS

used for ttle 10~d t~st It the B10011ingtcn brldg•. ftgu.... I1B .hows the

truck position. for the stltic 100d tesu On t~ l:nlghtstown b r i d g ~ .

A static 101d t •• t .... perfo....d On t~ B100llIngton structUN! on Jun~ I,

1910. ~ r l o r to r...... l of the orlgln.l bridge ded. T'" f!Il'1>Ose of the

t •• t .... to rKord stHl s t r ~ l n s ..lth t'" o r i g l n ~ l dK' In phc~ for lettr

cOlftll"hon .. lth . t . ~ 1 .trllns obt.ln.d dt.r constructlon. Fourt....

(of the fin.l nin.t.... ) .t••l >troln g.ges f ..t ....d to the string...

1M floor be..... The tnt truck .... positioned ""er the points IS ._ In
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POSITIONS_ 1,1,3,4,$,','1,12- TlIIUCII FACING SOUTH WITH LEFT SET Of lA_WS

LO(:ATEO Sy....ETRlCALLy OVER TilE POSITION.

7,8,9,10- TRuCH FACING SOl/TN WITH RIGHT SET OF fMlOE"S LOUnO
STMMETR'c.o.LLY OVER THE POSITION.

"OTE, SEE FIGURE NO•.!! FOR TIlE WHEEL SPACING DIMENSIONS Of' THE TEST
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FIGURE NO. 14..-
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rigures 114 t~r<lug~ #17 and the strain. were record.... for " " c ~ truct

position. The stresses were obtained by _u1tlplying .... 'ured .troins by

a ,t",,) el..tic _ulu, of 29 x 106 p,1. The,e Hre"e' alld the te,t

trucl weight .re ,ttown in Table Al tn Appendix A.

Stattc Load Te,t Results

T ~ e ... tn purpose for conducttng load tests On the bridge. w" to

determine if there was any SignHicant change tn stresses OVer a pertod

of th... ror e . a ~ l e , a ,ignlfl<ont dl"Cre..e in stress tn a porttcuhr

stringer"'"Y be indicative of • 10.. of bearing ""ich could be caused by

the tUCK pointed epoxy "",rUr (Sf!! page 10) worktng out f .... between the

stringer fhnge and bottOOl of the slab. In this c..e a corresponding

increase in the .djacent ,tringer stresses would also be ob.erv..... Since

the Bloomington bridge had ....ch higher trafftc Y(ll,""" than the Knight.­

town brldge the inUial test. at B100111i"'lton were lI'Ore frequent. The

te,t interval was approximately One "",nth tnterval, for Bl0a0ington and

two "",nth interval, for ~ n t g h t s t o w n . However, these te.ts h.d to be

scheduled around adve..e weather conditton. such n a heavy ,now or high

water under the bridges.

Mter each test the .....ured data were converted to the stress at each

gage for every Iruct posUton by a COOllluter progr.... A repre,entattve

portion of this dau i, shown in Tables A2, AJ and A4 in Appendix A,

Table. 1.2 and A3 include the stresse. froll eight of the sbty-three gage.

at B100llington alld Table A4 contatns the re.uHs f six of the forty

strain gages at Knightstown. If the ...asur.....nt f a parttcuhr gage

during a load tnt w" obvIously "rong, the stress for that gage "" not

tnclud.... In the Ubles. The tabuhte4 ,tresse. In these tabln are put

Into graphtcal form tn rtgures C1 through C14 in Appelldb C for the

purpase of showing the variation of stress with ti.... for a parttcuhr

gage. The plot for each gage Is a llnear lent .quares ftt of the



t.l>U1HtcI urtSlfS. FI9UNoS Cl tI'l'OUCJh ca show the grulls for the 81_­

l"9tOll brl. ~ 9 f s .nd Figures C9 througll CU show the resulh 'or tho

r11lgMtt_ ~ g t s .

It t.n '" _ 'roo tho ","ephs tMt the HITSS ...rIUI. O"<tr tI.

f.....11 tJ., ~ 9 t S Is Nihtlftly _11. 11>1s Is. goocI l'IlUutl., tMt tilt

_ut sllt>s ,.."",'t nuked .nd tNt tilt InlU,l 'lib bt.rl"9 tondj·

tl"", ""y, .... ,"'" tho S-. It s"",,,I' .lso bt IIIlted tMt tJiIt sl_ f....

tlot -.l .... _tlOft of Uilt ~gn 10 sltgllUy <l«f'Hs!r>g ....Itll .'gllt he _

t<Io fUlp of the nr.ln ~ , , " . SI-=t tho .1_I",ton streln ~ 9 t S --.. le­

n.ll_ four Jftrs 'gO. tllty ....t t.perlenctd -.II thin tllft .lIlt"" I....

c\'C'lts .... Id\ _1. _h streln 9"gl fltlqul ••hlt...::t possibility. nh

fltl!Po't _16 UUSe • II"" I""reue In the rHhte"'::l 0' tilt 9"ge Iell _1.

e'uSI tilt "'l'! t<Io "SM" less Itnln ...... thougll tilt .ttu.l strain 1....

the sa•. ObYloully tllh reeludlOll In str.ln output ,,"ul' ..nUtst IhlH

IS • gr......1 redu<:lton In the I.... k.ttd stNiU OYer • 1000g period <I>f tl•.

o... l"g Nth 10" test there "'rt ..ny .... I.bltS "lItell toul. hove .ffected

tilt reeo .... td str.ln. SoD! of tnesl wert OIrhtlons In tnt tlst trut' posi­

tlOll (Figures '14 through 1\7), ouUldl .'r t_perltures, ",-Iclty, .n' tM

teoopentur. el'langel within the 6.tI Itquhltlon sylt•• TM influoncl of

test tNt. poIHlonl"ll 011 the l"Kor<led st.. in WlS the 0II1y .... Iebl. wIIleh coul'

bt tully .nd .«ur.tlly chtded. Thenf....e, two "-Iete, a>II..a'tlYely "'"

1.... Ults (Ttsts I.nd IA ,_ on libltA2) ...... toncluc:ted on tho .,"""9 of

Ji""lTy II, 1911. o.rl", botll tests tile outside lir t_.bIn!, 1uI1"ty,

end the .Ir t_.tu.... Insl'" tho .cquhltl. STSt.....1... f ' H ~ b l y

tOllUlnt. It till tit SHft froo tho ttst ruuHs s'-" 011 Tabll 112 tlllt ... t

of tilt stru,.,s 'Iffer bt_ Uilt two ttsU by """,ozl_tlly IllS. Tllus tl>t

"sPOtlt",· of tho tNd ""er tilt t l " l l l ; ~ POs!tlollS un Uult • -.l.... partl...

0' flUC:lunlOll of tho strus _ • period of tl. fot' • fIIrtlaolar ~ . , . .



PRECAST SLAB LOAD OISTRIBl/TION C\iAAACTERISTlCS

In t~ follo..lng section the load dhtrlblltion ellarlcterlstlcs of

tne precut shbs .. til be dheuss!<l. utilizln'l the .tre.. data eollect!<l

durtng ttle load tests at the BI_Ington llootd'ie. The reuon. for doing

this are b.ofold: (1) To e_re the actual 10ld distrtblltlon e,",raeter­

htles to the load dhtrlblltlon fletor (Toblo 1.3.1 (8) of the HIgn..IY

Bridge Specs) gt.en In the current 1 ~ 1 3 !<lItton of the Standlrd !peetft.

cations for Hlgn..ay 8ri:lge., (2) To .ee if there Ire any ellange. in t""

10ld distribution oYer I period of tt•.

For clarity in pre,entatlon. only 0"" 10id po.ition on tfle bridge ..ill

be studied. This will be I trln••erse .ection loelted It tile north end

of t ~ Bl_lngton 8ridge .id...y bet....,n tile first Ind ,econd floor bel..

(1'_10" frtllll the north bridge .upoort). At this trln..erse 'Petlon. de­

noted "Sec.tlon W·.th..... Is one 10ngttudlnll stroln glge ...,nted .,....,trl.

tilly on t~ bOttolll fhnge of ..eh of the nine strlng.rs. "section W" Is

Ilso loclted wiler. t ~ ..xl_ bending IIIOII<'/It Is ••pected to o<:eur In tile

stringer<. Refer to FigureS 114 through 111 for tile 10<:Ition of "Sec.tlon W'.

Loclted on .ection Wire nine longitudinal strain glges. nllllll>ers 51,

SO. 49, 47, 46. 60, 61. 62, Ind 631nd thue Ire.1\oMl on Figure 117. In

order to present the 10ld distribution It Sec.t;on Wfor Iny truck po.itlon.

the .t......e. f .... each of tile nIne st.el .trlln glge. were lYerigel! fre.

three seplrlte load tests. This I.erlge stre.s is plotted to I .erticil

sello directly aboYe its corre.pondlng .trlnger on tile horllontll ..is

.. ith the nerlge str... points abo.e the nine .pringers being connected by

strlight Itnes. To Indiclte the .ffect. of ,"rlous truel positions on

the distribution of 10ld It Section W. three dlffer.nt t ....el post Ion load

distributions Ire .uperionpo.ed on elch other. Figure 119 s~s tfle 100d dis­

tribution for true," po.itlons II. 13••nd 1,. Tile yerticil axis Is Cllt.





brat~d in str<!SS, ""11~ tile Ilorlzonb.l uis is ° SClll!'d uinso~rs~ cross

s ~ c t i o n of tile bridge ot Section Wwith tile 5tring~rs being 10clted by their

c o r r ~ s p o l ' I d i " ' l Uroin goge n_r. The stress plottl!'d o b o o ~ nch 'IIge

n....r w15 obtoined by taking the a o ~ r l g ~ of toe i O l \ l " o p r l l t ~ stresses frooo

Tut. 1. 3. 5. ""Ich ""'r<! conducted on Nooftlll>er 12, 1910. 100_r 11. 19/0.

aod Feb.....ary 18, 1911 re5pecHoely. F i g u r ~ 120 is identiul to Fiq..re I19

e > C ~ P t thrte other truck position....re u,ed. no...,ly truck po.ition. fl.

'6. 1M '8.

~ i g u ... '19 i n d i c l t ~ ' that t h ~ OIIxi_ stresses Or _MtS OCCur In

th~ stringers directly u n d ~ r thl' tondem ..Ie, ""lch WlS to be expectl!'d.

(For t .....ck positions II. 13. "" H the Und!!" Ixle of the t ~ s t y ~ h i c l e

is ceMtered directly o Y ~ r Section W. (see Figure '16). Figure 120 stlo....

thlt .. thl' tnt oehicle is ""'oed IWly frooo till' centerline of till' striMgers

(Le. Section wI. the ,tre.. ~ , It Section \I dec.....e ..... Ich 1150 .... to be

e'Pl'ctl!'d.

Figure 121 is included to 'how the INgnitllde of the 10ld trins.ittl!'d

.cross toe floor be. by the ,lib,. Referring to Figur<! 116 it Cin be Sfen

thlt t .....ck position 13 is .id...y between the first tooo floor be""s ""11e

t .... ck POSitiOM IS is .ldlllY bet....en the second.nd third floor belllS.

Figure 121 indicltes thlt oery little _nt is t..nsferred Icron the

floor beUl$. Thh would justify disr<!girding toe front ""tel 101d. in the

ulcuhtion of !.he _t under the tande- ..Ie. prooided the front Ind

taMe- ..In ....re not loclted between thl' SIll! tooo floor be..... This would

11Sl1 Indiclte thlt for t h ~ ""rPOse, of de<lgn. thl' .tringers could be

au.-d "' ".ply supported It their '"wort points.

Tile Cilcuhted longitlldlnll load distribution f.ctor will be ""'f'"red

with the 10ld distribution eoultion ghen in Tible 1.3.1 (8) of AASOO',

1913 edition of StondlNl Speclfic.tton. for Hi9hw1y Bridges. ~ distribution
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foctor "I]] b ~ e ~ l c u 1 a t e d for Truck ~o,ltlon,3 u,jng s t r ~ l n g a g ~ '41,

Truck PosHion ,1 ",ing g a g ~ '46 ~ n d o n ~ for Truck Posttion H ~ho usj"9

H r ~ i n g ~ g e H6. See Figure, '16 and ,11 for the truck 1 0 c ~ t t o n with !"t­

, ~ c t to th~ 'tri"9~r. The d~tal1ed calculation, may be fOund ln

Appendh B.

A..... tng full c""'PO,lte ~ c t 1 o n tile expert ...nUl 1 0 ~ d distributton

f ~ e t o r s for t h ~ three truck po,ttton' ~ r e H follows:

Truck Po,ltton S t r ~ j n G ~ g e [ . p e r i l l l t n t ~ l Oht. F ~ c t o r

., .., 0.62

" ... 0.57

" ... 0.66

Averoge e.""ri ... n t ~ l 1 0 ~ d

distrlbutto" faetor 0 0.62

AASHO diHrlbutton foetor 0 0."

Tile AASHO dhtrtbutton factor agrees outte wll with t h ~ ~ , ~ r ~ g e expert-

O I t n t ~ l ,alue ~ n d n o n ~ of t h ~ experl10tnul factors e>eeed the AASHO

which h not "'tu~l1y the c ~ s e , ~ ....i_ up<>ri ...nUl distribution

factor w ~ s o b t ~ t n e d . Since ttle ...xi_ f ~ c t o r ... , ,~ .. than the A A S ~ O

deston ,,,,,cHic.tton, the tnterlor H r l " 9 ~ r s ace 'uffident to corry

the design load,.

If it is ISs.-d thot ttlere is no CQ01posiu action between the deck

Ind the stringers the experillll!ntal 1 0 ~ d dhtribution facto ... are

("",,,uted Oht. rletOrTruck Po,itlon

.,
""

Strltn (;.age

'"......
Averlge ( ~ u t e d l o ~ d

dtstrtbulto" flctor • ."
(_ring tile result, c o n , i d ~ r i " ' l c""",lete c_,ite Iction and flO

cOllPCsite ICttO", tt is e,jdent thlt through frictton ttlere 15 ~

large degree of cOllPCsite action bet..... n the d ~ c k ~ n d t h ~ ,tringers.



"
In, previous SKtion tfle ••dation of stre.. o . ~ r I ~rjocl of

UOIe for I flIrUCIllir 9.ge .... u.llled. rtgures nz 1M '23 lr.dlc.te

tile (hinge In tile stress l1()lld) ohtrtbutton It SKU"" \I ,roer I

.,...tod of 'Pf'r'O.l.tel, bol ",.rs. 1M streu......... u.r.9<"l fro- Tests

.1, J. S, In<! rnts nl, n. 2' (see Tlbln II. IZ Inc! IJ). The

I~rl~ of Tests '21. n. 2. Is plottH IS I ",l1d Hne. A$ .... COIl_

eluded foo- t1Ie urns ".vtittons ower U. for u.e Ifldlyldull su.ln

9696. tilt 1010 dhtributlon ..... .-1,," ,lrt..,lI, 1IfIdoIo.... .....,r t!le

be 7".r tl. period.
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BRIDGE PHYSICAL CONO!T1OHS

A thorough Inspection of the Blooooington .nd Knightstown bridges

wu conducted in June, H14 to u c e ~ h i n tile physic. I condition of the

p",cut, prestressed deds. TMs ex••in.tion Included the ""pplng of

.n dist,..ssed .ren such IS Splllled joint" c r . c ~ , In the , h ~ s , .nd

. ~ .. where the neoprene se.1 h'd w o r ~ e d out of the joint. Th;' r e p o ~ t

will concentrate on the condition of tM BlOOIOington deck ,ince this

deck "", ....n the I . ~ g e r .01 ..... of tr.ffic (AOT • 9000 YPO, 11s t~uck').

810000in9ton 6~ldge

Tile deck U 810000ington MS o...n in , e ~ . i c e for floe ye,rs .nd for

tile IlO)st PlITt M' perfol'lled .ery well. ~ i g u r e fZ' SOows the present

condition of the 610000ington deck ond fi9"~ '25 lOows • typic.l ....Ting

.urfICe Joint In the louth-bound lene. Molt of the prool.,.. t""t hi••

• rhen c.n be tr.c.d to ooor con,truction procedures Ind Ire ....t due to

the concept u,ed In the de,lgn of the precut prestressed deck.

In the order of their prennutlon, tile probl.., are.. which will

be discussed Ire: 0) c..cked OT 'PlIlled joints on tile .... ring ,urface,

(Z) we.rln9 .urflce joint! which hid to lIf,.e the joint 1..I.nt rephced,

0) . ~ e a s on tM underside of the deck wheTe the neoprene ...1 h.. worked

out of the Joint .nd (4) distressed are.. on the under. Ide of the de<:k

which include hlirline c r . c ~ . in the , I a ~ . , cracked jOintl, Ind One broken

tie_1loIon clip .nd bolt.

I.-lately .fter the bridge wu o ~ to traffic In 1910, the north

appr""ch .... r e . u ~ f . c e d In orde~ to remo.e a dip in the p••eooent. o..ring

tile re,urfacing" ,teel wheeled roller .... l driven 0 n.-ber of tt... , onu.

both U,e north .nd looth bound lane, at the north end of the b ~ l d g e . Tile

high stresl f"'" tile ,pplied line lo.d crocked. few of the top portion,
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Qf t ~ f _ l ~ joInts Ind IfUr I coupl~ of w e ~ k s . treffic p r e s s u r ~ work"

out the e r l e k ~ portloos of t ~ joInt. T h e s ~ jotnts wel't rePlir~ by

clNntng the Joint, fo ..tng t~ Joint "lth 11Isoolte Ind thef, filling

the broken Jotnt "ith Q u i t k - s ~ t t ; n g e P O ~ Y OlOrtir. The ePOlY OlOrtlr ....

1110wed to cure Ind llIIl'ont "1..01'1" ..... t h ~ used to resNl the jotnt.

( l n ~ ....y trlffte "IS OOIlntllllflj on the bridge durtng the ~ n t i r e I'tpoir

o ~ r l t i o n . On" of these repolred jotnts In the .outhbound hO(' eln he

.~~ In ftgul't f26lnd tts loclttoo ts s ~ on F;gur~ 121. All the

jotnt, whkh ...ro r e p o t r ~ It this tlllll! II't porfonotng •• thf.ctortly.

Figure 121 is. IMp of 111 the jotnts ""iCh hive c r l c k ~ or .poll"

. I n c ~ the bridgo ..... o " , " , ~ to trefflc. All Qf the distrnsed .re.. loy

In the trlffk lines which tends to IndICIt. thlt treffte weir is the

OIIjor cluse Qf tile joint creektng er spolHng. Tile two .. In rNS"'"

why the trlffte is Clustllll the Cricked jeint. Ire vlriltion. In .1Ib

elevetl""s end the un of ,no" r...,vll e q u l ~ n t . The el~vetton between

.l.b. vlrY IS ..ch .. 1/4" Ind under .... ""t~ ....eel 10id Ippllelti"".,

the r . h ~ d lip of the hIgh sllb "ill either revel Or criCk. Usuilly

tf the .... hed ~ g e h the fe... le .ide of the jOint, the f_le t<lge wm

Crick Ind if t h ~ r . h ~ ~ ! l ' " h the ... le portioo it will rnel. The

only ,elution to thh probl.. would be ..king sul't th.t the sl.bS .re

l e . ~ l e d durIng e....ctlon. The other lIIjor clUse of tile criCked jolnU is

tile I_ct loed i.secl on the .llb jotntS lIy tile IIlldes f.,. the SflOW

r....ll tNCks. Two solutions to thl. probl tgM be: (l) ustng -:Ire

de-icing chelicils Ind not using the SflOW pI bhd~ 01'1 the brtdge or

(2) tn the f u t u r ~ u.e I different joInt coofigurltion which would eli.lnlte

tile .....k "go tnherent tn the f_le portion Qf the joInt.

Closely relit" to the probl", of the c r l c k ~ joints Is f.tlure of

the joint .nl.nt. If. joint SPills, rl.els Or criCks the JoInt .nllnt
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..
..111 "~ual1y .. r ~ out of the Joint un"". t r a f f t ~ load., Figure 12810.

"0 of tile aren wheN! t~e joInt nahnt hllS t>ei!n rtplacecl 011<1 ........ which

,rUS originally "'TO sealed with the H ~ i d ~ l y u r e t h . " e .elhnt and

whIch JOInts "'rt .ell .... wUh DuPont "Joron", In .6dHlon to ttll! ......on.

stltN abOve. the joint 'nllnt aho !lad to be rephet<! for the following

relSons: (1) joint NUrhl itself, {ll .""lief-t1on ce<;Mlques which

were _ntlO<led tarller Inc! (3) grlvel punching cOl' sealant Into the joint.

During tl>e In.~tion of tile "rKlSt dKk in June. 191. 1t wlS

""ted tllat nelrly ,11 of the Joints l e a ~ e d during. rlln. TIM! Ulet po.i­

tton of clio leaks could not be locited ,Ince the wlter entering the joint

cln tr••el Ilong tile Inside of the Joint o.fore appearing it the botte­

,Ide. The•• le.k, "'Te Nj.lyeaused by eM liquid pol)'llretlllne 'nhnt

..hteh wu lntthlly pourfd into the ..jorhy of tM joints. A ~ ... ~ d e ~ ·

~ r ' D e d e ~ r l t e r , .Ir beeUll' ""t••pped in the liquid ~ e ~ h n t u It "" being

Jl<H'reol Into the joint. The entr~p ...d air fo..... oubble5 w h l ~ h e.panded

llhen heated and PU5heol the 5U lant abo... the ~ u r h ~ e of tM deck. TMoe

b\lblllu were 5uo5equently ""rn ~ ...y oy tM traffic, 10.. lng Iloney<:OIIIbed

voids ""I'h ,,"uld readily pan \liter. Sin<:e this ~ o n d l t l o n l I C ~ u r r e d In

the ..jorhy of tile Joints, it 1115 de<:\ded at th<! ti.e thH h ""uld not

be feulble to repl". all of thh ~ u l a n t .

One P05lthe u,""t of till! liquid ~ u h n t Is that It 1't51sts tM

pun'hlng .,Uon of gr.nl bttter than the DuPont "I_ron". Till! DuPont

"I.-on" ...s InHalle<l In the f 1 r ~ t four joints at the 5Outlll!rn ""d of

tM brld9" USing a "ulklng gun and then tooling the Joint w1th a ~Oll"

finger. O \ I P o n t ' ~ requlr_t h ttlat the depth of the ~ u h n t be equal to

the "Idth of till! joint. Tfth requlr.,..,nt ... ~ not ' t r l ~ t l y adlH!red to and

tne bond ~"b~equ""tly hHed between the "I.-on" and tile 51du of the
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..
Joint. Tne .uhnt .... tllen ""nelled do,," Into tile joint which .11owe<!

gravel to collect Ind .110_ ttle pt,soge of wlter ehTou9" tile JoInt. In

Ir•• , "lie.... [tuPo"t', '1110......Irtme.c ..... t til" tile bond bet....... til<!

, •• hne Ind the jotnt 'ld'S .ppure<! CO be satisfactory, the ""n<:"1"9

Ictton of tlle gray.1 In tile t"ffle Ion•• b r o ~ . U>e bond and pusllt<! tile

,,"l.nt and the bel""" ~ c k " p Strip down Into the Jotnt.

Stnce .11 of tt>e suh.nt rePll'red Ind sh&wn On rlgure 128 ~s r."

ph'e" In lott 1910, 11 h .ppro~I'.H.l1 four lOll one-!'>alf yurs old.

DuPont "11llJ"O"" W>, u.... tn .11 of the ....pal. work and to ""te hi' !H'r­

fo,...d utl.hctortly. with the nc.ption of .tnor QT•••1 penHntton.

A ..PIlI Joint cln be ....n 'n rique. 126.

flgu 129 "'0'" the Ireas under tn. ded w"..... the neoprene sheet

...... I<\rked down out of the joint.. no neoprene sheet waS used to .,.,­

.in UTe" concentration. bet....en tile j ~ i n t s due to ..l.or surhee

lr,.."gullritle•. The c<IOIP,.." .. ive .t,..".. ln tile Moprene illS rebtlvely

high 1. tile Ire.....""re lt has W ( \ r ~ e o l out of the jol.t•. Thl1 high .tren

...... due to I llIjor lrregullrlty in the surflce of tile Jolnt ""'lch III' I.

turn CIU.ed bYW4.rplng of the fo ... where the slabs we,.." poured. In

order to ,.."l1eve thl1 high .tren. the neoprene works out the joint under

the ,.."peated trafflc 101d.

flgu,.." '30 11 I IIIP of the other distressed """" on tile underslde

of the slabs Ind Table 2 descrlbeS the conditlon of each of U.. nUllbered

"""" on the Np. The problble CI••e for the broken clip. ,nO bOlt ln

Irel CD.... the Initial l"k of bearlng between the sll' 'nd the strln9\'r.

This lid of bearing ..... ""tlcell Ifter the brl09\' .... o ~ e I l to trlfflc

Ind shl.. were 1_1Itely driven bet...... the .1Ib .trln9\'nnd p....c..t sl'b, but

the trlfflc l...d kept workl.g tM .hl.. back out of the wold {see flgurell!}.
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Tobit 2
lIescrtpttOfl of tile Oht....S$~ ",.... _ "" fl,....., #30

..
.~.

CD One 3/4" lit_ter bolt _ken. 0... tie·
dowr1 cltp otntng, ..d one Itt-clown
cllp b....t ...

® a" l""'lltllcltn.l surl.ct crick

® T"lul of ~ . f f i t h r v 6 ) - Crick'" fl'
..Ie JoifttS u .ij:'j.;ge,;leni"9 !IOtn!

® Sool1ecl ..I, IlOrtl... 0' tile joint
2"Il2"xl/l" """

® Crlckecl , ... 10 joint, 8" long

@ I"xl" 1101.· ""tire botte- portlOft of
the ' ...1, Jotnt Ills ,.n.. aul

@'""'"'", tJ. 11", '" ItId U' l...,ltudl... l
wrllU enct......pecU...l'

See figure 131

See ftgure 132

See FI",,. III



Th~r~,u1ting~<c~ .. h ~ flulng of t h ~ slab u n ~ ~ r repeated traffic 101d,

probably c a u . ~ d till! bolt Ind clip, to fail in fatigue Ind CIUSed tile

S" longitudlnll crick (A"""(]l sllown ln Figure '32.

The cricked fe... le joints (A....uQ)thrOUghQ)lnd A r ~ I ( ) ) ... r ~

CIUSed by uneven belring b e t w e ~ n the ,lib, Ind till! steel stringer•.

Figure '33 ,""'s Area@.. I typlcil e.. ~ l ~ . A r ~ l ~ ,110... ln Flgure 134,

i> I ..inor .pall Ind A r ~ 1 @1o , patched feMIle Joint which failed. T h ~

longltudinll .urflco crick. ( A r ~ n @throUgh@J ln the .outhern .llb

I r ~ d u ~ to illllroper , t o r l g ~ condition. w,fore till! .llb wu lnstilled.

\/hen the .lob .....tored in the pre".t.. •• y11"<l, th~ blocklng .... 1.­

properly po.itloned, clu.ing the .lob to crack ln uveral plocn.

A n o t h ~ r probll!lll which Iro.e Ifter the brid9" ...s open to traffic

wu tlllt ...... of t h ~ bolt. clolllP1nq the sllbS to the steel bea.s worked

loose Ind hid to be .... -tlghter>ed. During constructIon I torque of 5{) H.

lbs ..... Ipplied to each bolt, which wn the torque Ip;llied to the

bolt. in the loboratory ..ptri ......u. Since 50 ft. lb•. of torque ...s not

sufflclent, three qulrters of all the bolts wre .... _tlghtened u,ing a

tOrqUe of 125 ft. lb•. Ifter ..king Sure that each bolt .... grel.ed. None

of the bolts have since worked loo,e.



Arft(!)- ON 3/4" dl_ur bolt brot.... _ tlt'- cltp
_\lstog; ........e ti._ cltp bN>ken ISM ""'"' Heilld
T o ~ l t 2).

fIg"", #32. Mt.(2)· B" lcnglt"",,,.l l"rflc. " . c ~ (5n figure ,30
lOll ml.2)



f1gw... tH. Anll®- (Typlcl] ot Arll1 3 tllnl 7) Crldld , ... 10 joint
It tht Hrlnger belring IIlIlnt. (SIt fl,o" '301M hblt 2).



KnignUtown Bridge

Figure '35 shoto. the pre.ent (.lu"", 1914) condition of the Knight.­

town deck. The ... in prt>bl .. encountered with the Knight.t""" !rtdge .... due

to irregu"rities in the width of the joints .t the top of the slab. After

tbe sl.bs "'re pOst-t...sioned together, there "'re n_rous loutions where

the Indic.ted 11." clear'nc. ,t the top of tne joints did not e'1st. Figure

136 15 • IIIIp of the 'reU ......n the joint widths are le.. th,n lIS", Ind

Ippro,INtely hllf pf the defective jpint. s_ 'N! cOIIIpl.t.ly clo......

There ...... no imedi.te effects e,cept the joints leaked "at.r lIMn it

rlined du. to tl>e hct tt>fot no s.,lInt could be installed in the joint.

lItI...v.r, ,f... .,nths ,ner the bridg..... olH'ned, the concr.te in the

.icinity of tho clOSed joints beg,n to .pall .nd this .palllng ""s con­

tinued to the P... s... t tift. In.OIIlO areaS tho spall ""s be... larg. enough

to require an upll,lt patch. Figure 137 s_ , clOSed joint wh.r••

porthill of the JOint hIS be... proqr...hely f.i11M on tho .urflco of

tbe slab, The und.rsid. of thi. joint 'pPelr, _1. The un. of the

JoInt irregularities WI' irreguhrity in the fonos u, to cut tilt ••

slab" TI>e,. fo ..s hid 'dditional ,teel stripS tlck- ld .... to tilt top.

of the ""in sidefo.... in order to fo .. tilt crown in the section. The••

tlck-... ld.... ,u.l strip....rpod .nd CIU.ed , bI~ fit of tllo .lab. In tilt

field. In tl>e future, the side, of tllo fo .... U'H to cut tllo•• slab,

should be plrall.1 Ind U ,traight Ind stiff 10 possibh.

The only otber probl.. observed It Knighhtown ...s th't con<;ret.

patche, Ill\llied in tl>e p...CUUr', Ylrd d.urior.ted ,ft.r lbout one

yelr. Tho photogrlph. in Flgu.... 138 Ind 39'",," patched '_Ie joints

on tbe underside of the slab wh.n the patch III. det.riorated Or 1Ia, f.ll.n

out of tllo joint. Also th.n 're only. , ... pl.ce, "".... the neoprene illS

'tarted to ""rk out of the joint.
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rl9U"'t 31. l;rIl'f/lUt_ Sri•• PrOOJren'" f.llu.... of U ~ IlIle

",..tl ... of I.IIe Joint. _ f'gw,.. '36 for loutl.....



Ftgure ·]8. 1 : n 1 9 M ~ t o w r I Bridge _ A 'Ud '-"'ltl!d tn tile " " K u t e ~ "

r.r-d ""tch II.. F.l1ed. Sft ft9\lre,n for Locuton.

~ I " ' h t o w r l Sri•• A '"td ,-",Ill'll In t .... "",,,u,""',
'.r-d I l t I t c ~ Mu Filled. see ft9"re 'n for l"cul"".



CIJ/lCLUSICflS ArlD RECDlt£KWlT!DIIS

Thh tnvesttgation ...._ that p r ~ c o . t p r ~ . t r ~ ..e<l tontr~te

brldg~ deck. r r o d u c ~ a durabl~ d.c~ which Cln be con.tr.cted in I .ini...

of tl ..... Tile jotnt. t"'t we... p r o o ~ r l y fa",""" Ind selled Ire functioning

well. T h ~ .urhces of bath bridge. sOow no .igns of distre.. ~ e n

though they baH. h..e be<::n through fhe wtnters. T ~ n"opr."e .... t ...

""rked out of the severll portions of the jotnt. d . ~ to hulty in.tllh·

tton and the tte-down sy.t"" .... perfo......-d well after the inHil1 bolt

installation. were corrected. 'leither of the brtdges t14.e In 0..r1ay

So the shb. Ind Joints take the direct 1010 of III the traffic. ~ e r ·

llY. wer" not Instilled in or<ler that the dire<:t effects of the trlfftc

on the bridges could lie ob,el'led Ind IIIOnitored. In I _tropolltan area

where oedestri.n .nd/or vehicuhr trafftc ""uld be pre.ent under tile

brtdge, In asbe.toS,".pllllt overhy might be required In order to

in,ure aglin.t wHer le,klge through the joints. It .hould .1'0 be

noted thot IIItu le.k.ge through tile jotnt. Cln e.ent ... lly clu.e I

probl ... wtUl corro.ton of the 'tringer••uworting the deck. s.­

torro.ton ha' been noted on both brtdge. du" to lNk.ge. An ..be.to.­

asphllt lllelllbrane ""uld prevent thl, problem.

There "'" tooo .lternltiv.. to en!'lance the .ervicNbiltty of the

Kntgnt,t""" and 81oc-ington bridges. T ~ fIrst and t".cst drastlc, Is

U> clo'e tile bridge, deten.ion the post-ten.ioning coble., t ~ n repair

t" da",ged jotnt. Ind replace too jotnt SNlant•. Tnl' """ld be In

~ ' f I " n . h e Ind ti .... ton••• ing tI,'. The second Ilternatlve h to Ipply

In asbe,toS-I,phalt lllelllbrane over the deck Ind then Ipply In asphllt

overhy. The .econd 11ternattye is too OlDre reliable Ind ""uld require

less ttme to perfo .....



In th~ futur~ it i' ..""""",nded that t h ~ b r i d g ~ d ~ c ~ be conSl",(t~d

...tth flat Joint. rHher than tOe ~~y Joint. o . ~ d in this invutlgation

alld that an aSbestos-uPMlt _ r a n ~ be p l a c ~ d over t h ~ d e c ~ follOW1!d

by an overhy. Thh cooobtnHlon would alleviate the probl_ of Joint

d h t ~ " and ~ater l~a""ge. In general tt would enhance the overall

dorabllity ,nd ,ervtceabtllty of the bridge. S e v ~ " l county bridges tn

Allen County in IIOrthern Indian' h,ve been conUnJcted u,lng the concept

of flat joints. The ,labs were 6 ft. ~ i d e ~ t t h flat Joints and had ~eld

plates at the Joint for verttcal allg""l!nt. An a'besto,_asptlott l l l e l l l b r o n ~

and asph,lt oveday w e ~ placed on U.e brtdge after tile ,lob' had ....n

.ecured to the bridge girders. To date t h e ' ~ bridge' tlove boen per­

fonatng s,tisfactortly.



Al'PE~DU A

STAnc LOAD TESTS

..



"

;
•
•

• •••• •--• •
• ••• •

"
•, • -• , •, •• •• ••

0 • • •• •o· --• • •• , •,
• •• •• • •, , • •• •••--, •-- •• •

l l •• •• •• • •• • •

pi 0 • 0 0 • ••• 0 • • "- - -•, .. --- -- •

0 • • 0 " ••••••"- 0 0, - • - - -
• •• • • " -• 0 • ii •• - • •

"
, .. • " - •,

• • -0 0 • • -~ • a 0 ••• • --- • •- , - " • ---
•; • J •-•

" •§ • • • • • •• " • • • •" • ---• - --"- -
•

~ ~ • " • • • • • • •• •• • • • • • •• • - - - - - --, - " - - - -•

• § •• 0 •• • • • • •-• • • • " • • •• -• --• • • - •-•
• • • •• • 0 • • • • • • •• • •

" " • • • •-.. , , - • -•, -- - - -
•-•

" " " •!I " • • ~ § -•- • • • -- • -• • • • • - •-
• •

" " • ~ • • " " • •
~ •• • • • • • " •• " - • •- ----- - --

•• • • • • • •-0 § • • •• "
• - • ••1

, .. , • " •,
" -- -

0

~ • --• • •- • ~ • •• • • • • • ••--• " • • •- " - - - - -
0'. • • • • • • -• • • • • •• • • • • • • • • •••

,
"••-.•

.!=5••••••••

U
~o;

•,;



•• • • • • • • , • - • • • •0 • • • • • , - • , •- - --- - - -

~"
, • •=• • • • , ••-• 0 •o. • - • • 0 • • • • ,- - - - -- - - - -

••
~~ • ;; , • • • • , • • • , • • • •• 0 • • • • • • ;; •0 • • • - • 0 • • • • • - - •

"'" •"
• • , • , =• • • • • • •• • • • • =• - • •- - - - - - • - - - - - - -

• , , • •- • , • • , • - , • ••• • • • - , • • • ,

" • • •• -- ;; • • ;; • • • •- • • - • • • - • - • • -
•• •• • • ,

" • ~ ••" "
• •" •• • 0 •• - • - • • -- • , • • • •- - - - - - -

•• .. •••-•••, • • - • • • • • •• • ••• , • • • •, • • • , • - 0 • • 0 -- -,
• '. 0 • • , • • • • • • • • • • •• - • ,; ,; "• • • • •• • • • • • -- • -• • • • • • • • • • • • • • • •

.- ••§ ••• § ••§ § •§ § § •••.
,! -. o. • • • • " •

• 0 • • , , • • • -, •
"
, • • • •0- 0 0 0 0 0 0 0 0 0 • 0 • 0 •

~t • • • • • • • • • • • , • • • •, 0 • • • • 0 • - • • • • •

~ • •••, • • •• • 0 0 0 0 0 0 0

~
, , , , • • 0 0 , 0 , 0 • 0 • • •0 0 0 • • • • • - 0

G G • G • 0
u u u u u u u u u u u • u

• • • • ---= =--=-- = • •, , , , , , , , , , , , , ,, , , , , , , , , , , , , , , , , ,

~ "
• • , 0 0 • , • • - • • , • • ,

" --" - , , • , , , •
"• , , , , • • • , , • • , • ,- - • -- • , - =- - •-- -

• •• •~ -- • • 0 • • - • • • - • =0 • --- - - --

,
•
o

•o

•-,

••
••o
•

,
o

•
o-
,
•,
!!

"•
••,,
•
••,
!!,



-
•
~,
••

jS! ~ • • " • •-•• •• • • - "• - -
i':F 0 • • • •• • •• • - • • • •-

•• I< • • • 0 • " •• • • • •." • - • • N N N

~
• • • - • • " •• - • • " N • N- - - N N - - - -

• • • Ii ~
• 0

Ii.... •- N

•N N - N N

• " • • ~ • •.. N " • •• • " •- -
• • • • N • •.. " • • • • N

• • • " " --
• - " ".. • •

~ •N N

<-
~ •§ •~ ••• ~ § § •••• • N • • N•• 0

'"
0 • " •• • • ~ • " • • •• • • • • • • • •0

Ii' • 0 " • •• N " • • • • • •• • • " • • • • • •0-

0• • • • • • • •
1 • 1 • 1 • 1 1 • • 0 0 •• • • • • , • • • ,

i • • • • • • -u u u •-u u u u u u u u u U

N N N N N " " " " " " " • •• • • • • • • • • • • • • •, , , , , , , , , , , , , , ,
• 0 - • • • N • • " - • N •• N - , ,

"
N -- ,

" "
, ,

• , , , • , , , , • • •• • • - - N • • • 0- -
•• • • •" " " • • • • • • • ~• - N N N N N N N
0

"••••
••

"•••
!
•-•,
•
!
•

••
••
•>
•••
•,
•,
0

•

••
•
! "• •

l !
•
~

~
,
•• •

• ~,
t ,
•• I•
I •
• t
• •••• •0 •• •• •- •0

•• •



••

•,
, .
••

••
•••
••;;,

&. • • M 0

"
• • • • M •• • • •• • • • • • - • • • • •M - - - - - -- - - - --

• • M • •
"

• • • • • • • • •~ M • • • • • • • 0 -M • - - • - • - • • - • •

~i'
• •"•

0 • • 0 • • • • • •o. • • • • • M • • •• • • • • - • • • • •
••,

• • • • -• • •"••• - • • •'M 0 M • • • • •• • -- -- - • - - • - • - • •

&. •
"

• • • • • ••••• 0 • •• • M M • • • •• • • - • • • • - • • • • •

• • • • •••"
• • • •• " • M •~:e • • • • 0- - - - - - - - - - - - --

-
~ • ~. ~ • §. ~ ~ ~ • ~ ~ • ~ •§ § §• - M - M •

""O- M • • • • • M • M •• • • •••••,- • • • • • • • •

,If • • • 0 • • • • • • • • 0 • • • •• • • • • M • • • • • • • •

, ,, , , , •, , , , • , ,
• • • • • • • • • • • • , • • • •• • • • • • • • • • • • • • -U • • • U ••U U U U U U U U ••U U •

• • - • • • • • • • • M M M M • •• • • • • • • • • • • • •, • , , , , • • , , , , , • , • • •• • • • M • • • 0 • =M • • , • " •• , , • , • , , • M

"
•• M • • • , 0 • , , , , , , • • • •0 • - - - M • • • - • 0

I,
~ - • M • • • • • • 0 - • M • • • • •• - - - - - - - •



.vf>[IIDll •

LOAD DlSTR1BlITlON fACfDllS



APPE~OlX B
..

le>ad OiHrlbyticn r.cte",

The cllcuhted lcngitudin.l lcad distribution flttcr "ill lle c..... red

~ith the lc.d diHribution l!<lI'atinn giyen In TobIe 1.3.1 (8) nf AA!>IIO'S

1913 edHion cf SUndiN S_ificltlon. for Klg,",ly 8ridg.... A dhtrilloJtion
factor ~ i l l lle calculated fcr T r u c ~ 9o.itlnn '3 u,i"9 .train gage ,"],

TrllC' Po'ition II u,i"9 g.ge 146 .nd one for Truck Po,Hion 11 ihc u,i"9

,trlin g.ge '.6. See figur... '16 .... '\7 fcr tile t r u c ~ loc.ticn "Uh re­

.pect to the .trlnger.

The _nt re,isted by tile particul.r stringer in tlce three ibn.e

fcr Trucl: l'o,ltlon, 'l, 11, .11.

truck "";ght froll Te,t f1 • 4.,900 lb,.

front ..Ie' 12,700 lb,.

unde.o ..Ie' 32,200 lb,.

Mo....,t • Hr.in gage

The _nt of inertia fcr In interior ,tringer U.UIIing f"1I c_,He

.ction .nd u,ing the AASHO ,,,,,cification' for the tr.n,fc..-d effecthe

'lab width is:

. '..., ...
1116••0



"
section p r o ~ r t t e ~ Of the 1116 x 40

I' 511 In'
A· 11.8 tn'
S · ~ . 6 j n ·

d • 16"

• 500(1 psi,.,
b • 45·
bIn. 6.U"

".,

A
C

• (6.43") {S.U") • 40.19 tn'

Y
b

• ((40.19 In') (19.125-). (11.8 in') (8.0"))/

51.99 In' • 16.6 In

find trlnsfO!"llll'd _t of lnertil:

I • S17 In' + (11.8 in') (16.6" - 8.0")'

• (6,43") (6.25")'/12 '1'0,19 tn') (19.12$" 16.6")'

• 1116.1 In' {us..lng f ~ l l c ~ s H e letton}

n't ••erage ureu for tM Jlllrtlcwhr strlln gllges Cln be found In libles

81, 62, and 83.

T r u c ~ Position

"""

Strlin Gaile

m......
Ave.fo9' Stress

3194 psi
2935 psi
3402 psi

Cole.llte the _.t .....hted by tile str1ftger uSlt>g the ,uer,go stress:_.t ."lfe

" • Ive"go Hr...

lie' 1776.1 'n', 16.6 In • 101.0 in'

~ t . (101.0 tn') (ulrage Hr...)

for Truct P<:lsttlon n, Gogo ,.,:

ACtu,1 _01 clrrted by nrlnger' (107.0 In') (Jl94 pol)

• 28.18,t

The Ict.,l _.t ....slsted

Truck Posttl""

"""

for .11 thru ene.

Str.l" Gage

'",.....
h'

Attual "'-"'nt Reshted



..

1M u ~ r i ...tll 10"91t""'",,1 laid d i H ~ I b < l t t o n flctor Is the Ictull

1I10"","t ... ,htO<l by the .trtlllle. ot.ldO<l by tile bending _"t ((5.80,k)

cIlc.lItod f ..... tile t .... c~ 1~dtn9. Thus for truck positton fJ.

etlo distrlb<ltton foetor ....u'd be 28.4tI,k/45 •80 ,·. 0.62. The 10ld

dhtr\t>utton f,ctor spectfhd by AASHO is SlS.S. where S· 3'-9" giving

3.15/5.5·0.68 ", I distribution hctor for this arabl•• The aver'<Je

of chi' eXp"rlnenul l<ad helOT is:

Truck Posttlon St"in Gage Expert..ntll Dht.Flctor

IJ '41 0.62
11 '46 0.57
#1 '46 0.66

Averlge expert..,t.] 1010
d1$(rl ... tloo fletor· 0.62

MSlKI dhtrtbotlon flctor • 0.68

let uS now constder tile cue _re tlleTt is "" c_stte letion

t>etwe... the deck Ind U.e stringer. In this cue tile _t of tneettl

for clio SKtlon is the _nc of tnerti. of tile stringer (I • 511 tn' Ind

S. 64.6 in'j. Calcullte etle _ftc reshted by ttle nrt.",. u.lng (tit

ave.,ge ,tress, cOfIsidertn9 truck po.Hto" '1:

_"t . 0 lie • "s

• (fiol.6 tn')

.17.19,k

1319<4 psi I

Truck PosHt""

"""

St.,tn ",ge

'"......
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