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exposed Èo de-icLng galts and freeze-thaw condi_
!ions. To do oÈherr'
NaÈure rejecrs i,np".rt""å iål*.""t"t 

problens because
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lnnovated Repair of a Large Failing Structural Steel plate
Pipe Arch Culvert
CHARLES R. DUNCAN

ÀBSTRAeT

À value-englneering teân studied alternâtlveato replaclng a fallfng atructurål Etecl plâteplpe arch culverÈ I¡¡ ft x 9 ft I in. x Z60ft l:?ng. Thelr proposal conafsted oi rotlfnga sllghtly Enrller asb€atoa-bonded aEphalt-coated plpe through Èhe existfng culvêrt åndgroutfng betreen then. lhe .o"t ,." ,169rg57,whlch reprcaented a cavinga of !92r000, or54 percent of thê coat to replace ihc cul-vert. Thc cont,râctor.a procedures, thc prob-lene encountêred, and recolrncndatlons forfuÈure proJects of thls klnd are ãigcusec¿hereln.

A stru€tural steel plâtè pipe (SSpp) ârch culvert 1¡lft x 9 ft I tn. x 260 ft long conatructea tn 1969under I-90 fn southeâstern Hontånâ ? niles ïeat ofBardln was failing becauae of severe corroaion. Thematerial hauled in fron an âdJâcent cut wrs er_

Èrernêly hot¡ the pE varled b€treen 5.g ånd g.9 rlth
a_ reslstlvlty rånge of I25 Eo 222 o¡r¡rcn. Becâusê ofthis nâteriâl, the l2-gauge culvert t¡j in estinrtêdaverâge llfe of les8 thån lO yerrs. The nativê nrtr-rlal åround the bottotr half oi tfrc pipc ,"" noa 

"or_roslve. Tl¡Erical corroalon ln thfs ìùo"rt is shor¡ln lig-ure l. The perforatlons v¡rleJ ii sfze frorthât of â fisè and snåller.
-The, 

inltial propoaal raa to replace the culeêrtand the eurroundlng corroglvc ¡ictfltl nâterl¡I.Hogevêr, thê conatruction procedurea sould hêee rr-qulred tenÍrorary shoring and hêavy lnvestnent l¡equlmênt to rêrcee and replace uri Zo tt of fntand to replace thc pip€. Furthcrûore, extenrleatraffic control rculd håve e:rpoaed the r[otorlct tounneceaaary sâfety rlgkg. The estfnated cost Ír,
e262 

' 
gg6 .

In lfght of a thcn-recent lfatlonrl Blghray tnstl-tute ealue-englneerlng (\tE) course, Èhe !¡lontanå D.,
Partr€nt of Elghíayr eståblfshed â vE teâû to Etual,the problen. Thls nultldisclpllnary Èeaa conglst¡dof a hydraullc englneer, a cheniat, a dlstrfct c€[t-structlon supervlsor, a roadrry dealgner sulrcrvlsor,
and an FHWÀ brldgê engfneer. gaee¿ tn the vE cdr-
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FIGUßE 
I

rhê baalc functlona of the culvert rePlâcetnent

iüji"-'"ia the essociated coats eere as follong:*'llitn nalntenance, S93r?00¡ corroslon Preeentlon,
:¡i:;;;r and water conrtevance, $6?,000. rhe têâtû

]].ãnenaatfon nas to insert a Plp€ through thê
l.]i.trno culvert and grout betseen then. The PiPe
ll"-1o 

-¡" an asbestos-bonded asphalt-dipped I0-ft-
.J,]na "ottogoted 

steel plpe arched 11 ft l0 in' x 7

rr f in. The estltnated savings nas 2{ Percentr or
ito,ooo. (Eydråulicâlly, by consltlering 3Èorage and

iiá routfng, the snaller ptpe would stlll Pass thê

fOO-y""r Etorn nithout overtopPtng the Interstate or
crusing backnater ¿lâmages.)

the vE tean recotmlendatlon ras âccepted r,ith Èhê

crception that Èhe pipe wae changed to lo-gauget 3 r
i-in. "orrog.ted 

1l ft 10 ln.:( 7 ft 3 in. struc-
iural plate arch. The corner radll were thoP rollêd
to 3l ln. to mâtch Èhe culvert.

There were tr.o rûajor concerns exPreased âbout
this concePt. Flrst, could the PlPe be lnserted
rlthout the Protectlve coâting belng scraP€d off? BÊ-

cauge of Èhls concern, the asb€stoa-bonded aEPhaIÈ-

coated PIP€ was sPeclfied.
secontt, for a ptpe this lårge, the lnsert concePt

ha¿l b€en largely unÈesced natlonally and ncver had

becn tested on any scale ln !¡lontânâ. therefore, con-
c¿rn ras erpreseed that the conÈractora nlghÈ shy
rray froo the Job or nfght lncreage thc bld prlc.!
to ieflect uncertaintles. There serc 18 blalders rlth
biits ranglng fro¡u 5169,95? to !235r817.36. thc ênE1-
nêêr'E eatltûate ïaa $2461610. lhe threê lou bldldcr¡
vcrc lege thân 93r000 (1.6 gcrcent) âPârÈ.

COE,RÀCÍORI S PRæEDT'RES

The Ecthod of inatallatlon l¡ bc¡t tlcgcrtbcd through
¡ ¡erlcs of Etepa:

I. Thê contrâctor used r snrll loader and hand
labor to remee che 1.5 fÈ of nuck (Figure 2).

2. The contrâctor rolled thc plpc ln placc on a
guldc consÈructed fron a I.5 x 8-ft chånnel lron.
Thc guiitc râs set Èo grâdê every l0 ft ând then ân-
chored Èo the culvert every 3.5 fÈ (Flgure 3). À Plt
Just in front of the cut-off rall grovldcd sorkncn
rlth acccsa to coâÈ undernêâth the PIP€ (Flgurc {).
!o rEsure thåt the lnscrt rould fftr thê contractor
¡rranbled a short nectlon of PlPc and rollcd lt
through the culvert. rt had sone t2 ft of clearancc
in the ttghtest sfrot. Rollers tfere bolted Èo the PIPe
êvely 12 ft (Flgure 5).

FIGURE 2 Removing muck with emall loader.

FIGURE 3 G¡klc for tolling pipe in place.

FIGURE I A¡¡cnbly arca and ch¡nncl guidc in phcc'

3. îo preYênt Èhe PiPe frm tfplng ouÈ of thê
guldc, angle lron rub rallú 'l ln. x 3 tn' x 3 ft
Íong ,ere lnstrlled every 12 ft at thê 5 and 7

orclock posltlonÉ on the PlP. (Flgure 6).
4. The PlPe eâs assêtnbled by boltlng together

the bottotû Plâtes onê at å tlBc. ThrGê toP P1âte8

Typical corrosion in cuþert.
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flCURE 5 Roller syetem.

FIGURE ó Anglc iron rub raile to prevent pipe from tipping out
of guide.

nere assenbled on the ground ând posltloned with the
backhoe for boltlng to the bottd! hâlf (Flgurê 7).

5. Brâckets were ln8ta11êd ln the ptp'e floor
(Flgure 8) and ln the nallg of thê culvert (FlgurG
9). The plpc vaa pulled through Èhc culecrt sith ¡
20-ton coDe-â-long. À vlev of thê prrtly co@lctd
pllte åsseubly le shorn in Flgurc 10.

6. To preyênt the plpG lrú llftfng durlng tha
groutlng op€ratlon, lt rå! atrcborcd Èo thc culvêrt

FIGURE 7 Aesembly of pipc.

lraneportaÈ ion Research Reeord

FIGURE I &acket installed in pipe floor.

FIGURE 9 Bracket in w¡ll of culvert.

FIGURE l0 Prrtly complctcd pþ erænbly.

ât the t,6,9, and 12 orclock ftosltlon! at
lntervrlr. the anchor ay!tê! used a nut rcldcd go

0.25 x I r 9-ln. strrP lron thrt ers bolted to
plpo iturlng thc êrect{on procêla. After thc PiP.
in glacc, r long bolt ra. threrdcd uP through
plpe and the nut untll lt eont.ctd the culvert.

tÊ.
.aI

Thê flnlshed Job ls shorn ln Flgure 11.



flCURE ll Fini¡hed SSPP arch culvert'
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Elvvu¡t rs*u

1¡¿ follonlng problens Here exPerienoed with the

ingert Procedure:

1. The 3 x l-in. corrugated sheets are fabrl-
--,1.i "ifv 

in plates 2 ft nlde. Thls resulÈed tn
iil-,] ¡"rtio rnant borts to stuff and torque' rf three
tl=ã,l--"í"tes courd be riveted together at the
?t*ì-."arån prant' the fleld asEenbly wouldl be

,liã""i-a. rnultiplate erectlon rith plates 6 or I ft
,iã" "rA 

boltlng wlll be reduced accordingly'
'*;. The bolt torque nae lnconslstent on thê flrst
eec ptates. Further exanination revealed that thê

tia-n""U" were being pulled through the punched

üi.r. trti" Problen wâs corrected bY using a washer

on each side of the Plâtê.
3. Àsbestos-bonded aephalt-coåted PlPe saa sp€c-

tftea to ennure that the Protectlve coåtlng rould
nát ¡e co¡npfetely scraP€d off dturlng Èhe installa-
lion pto.""". For the procedure usedr the PlPe illd
nof too"n the exlsÈlng plpe, so a cheaPer coatlng
.oofa tt"o" bcen speclfled. Furtherfior€¡ å standard
t¡utllplâte arch could have been epeclflcd'

t0l

The follosing problems were experienced'diÞh Èhe

g rouÈing Procedure:

l. Three z-in. holeg were provided every 4 fÈ at
the 4, 8, and 12 orclock pogitions on the Pipe' ilith
the grout holes at the 12 oiclock Position, it 'Jas
difficult to keeP the grouÈ flowing evenly to each

side. with a large void to be fllIed, thls becatne a

critical element. To overcone thls problen, a de-

flector shield was nelded to the inside of Èhe grouÈ

hose nozzle that allored Èhe workers to dlrecÈ the
grout eo either side. It i9 reconrnended on future
iroiects Èhat grout holes be ptaced at the 3 and 9

å'.ío"r positions at 8-ft intervals and at the I1:{5
and 12:15 orclock positlons at 4-ft intervals' al-
Èernating along Èhe centerline'---i. 

n-eerr ó¡narr voids were found under the piPe

when several bolts were removed for insPectLon' The

volds were fitled. To facllitate fllllng under the
bottom of the arch culvert, grout holes shoul¿l be

placed at the 5:45 and 6:15 o'clock posltions at
¿-ft lntervals alternãtely on elther side of the
centerllne.

-,,*.a¿{ Þh"ôrrdh a 3-in- llne and
J. ¡¡¡t Yrvqs rse FY'Ñrr-

the 1lne pressure varled b€tïeen 1r000 and 1,400
psl. If the grout was stlff' lt had a tendency to
sltghtly deforn Èhe piPe or float the PiPe up' Eor-
ever, when the grout ¡nalntafned 9 to 10-in' sluttlp'
no problerns were exPerienced.

cor¡cLusf oN

The lnserted arch nae inatalled ntth a ninlnun of
ilifflculty. The contrâctor used 47 of the 60 norklng
days allowed. No clalns or chânge orders nere pro-
ceased. The flnåI coat nåa $169'95?t nhlch rePre-
sented a 592,OOO savlnge, or 54 Percent of lhe cost
to replâce the culvert.

Publicatlon of Èhle PaPer sPonr¡ored by CotmltÈee on

culvertE and EYdraullc Structures.


