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conremplåted for the other eight. AnoEher difficulty
in pip€ investigations is the establishnent of
objective and equal rating classlfication systens.
For exanpl,e, in the Ohio study concrete pipe 'dasrated poor shen Èhere was signlficant loEs of nortar
and aggregate or r{hen concreCe was in a softened
condition, ¡rhereag the corrugated Eteel pipe wa6
rated poor shen Èhe invert Has IoEt, there was per-
foration, or rhen the pipe could be penetrated by a
geologistrs haEîer. These are cleårly not conparâble
raÈings, whlctr indicate that the predlctlve egua-
Èions for concrete pipe are conservatlve and that
the predictive equations for corrugated steel plpe
are liberal. If, as for corrugated steel pipe, con-
creÈe pipe was rated poor only rhen iÈs inveEt nas
lost, tshen Èhe servlce Ilfe of concrete plpe nould
be unlinlted in even adverse environrnenÈs.

In hiE discuss!,on Hlrsch devotes five sentences
to an off-hand review of ny paper and several pages
t,o a critique of the Ohio study pap€r by J.C. Eurd
(r'hose paper is also ln this Record). I suggest that
Hlrschis conments on the Ohio study should be di-
rected to authorE of Èhat rePorÈ.
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For want of Air, a Drainage System was Nearly Lost
CARL F. CRUMPTON. GLEN M. KOONTZ. and BARBARA J. SMITH

ÀBSÍRAeI

The oûisslon of entraincd alr fron a con-
crete plpc cnd sectlon ln L972 n€t up e
châln of evanta thåt could havê be€n nuch
more dêrtructlyê. Frecrlng and thâelng,
nhich eetê alded and âbetted by sãtty nelt-
water fron de-lclng sâlÈs runnlng over the
exposed lnvcrt of thê end eecÈlon, câuaed
the pip€ to scrle. By thê end of 10 nlnters
the scallng had rcrked coeletely through
the plpe lnvert, allovlng runoff sater to
erode beneath the end sêction ând the âd-
jaeent concrete dliÈch liner. The end sectlon
and a large portlon of the dlÈch llner eere
Ioat. l,ll.nor slides and soil strqlng at thê
toe of the fill bcgan. The dülågêd end sec-
tlon and portiona of the dftch llner nere
reæved ånd replâced ln 1983. Bad correctlee
action not been Èâken, å nuch larEer portlon
of ghe drainage syster ånd thê flll could
have been lost. To pârâphråae Ben pranklln

ln Poor Rlchârdr! Aln¡nac of 1?58: For rrnt
of alr, an invcrt saa loatt for sânt of an
lnvert, an end Eectlon uat lost¡ for eant of
an end sectlon, a dltch liner eas lo8t,
b€lng undercut ånd destroyed by uncontrotled
runoff, å11 for srnt of cåre about entralned
alr.

Kanaas publlshed lts plpe culvert atudy resultg
1970, 1971, and L972 (!-Ð. Thêrefore, for !h
s1m¡nsiun, the authors choae to follor â sequencê
events ln one 1972 instâllatlon to lllustrrte
cân håppen yhên one llttlê dletall ls oyerlooked
ignored.

I'hlB brlef account lB relatêd to an ælaglon of
extreræly chcap aubetânce--€ntrâlned air--fra
crete. the entrålncd alr era sooething that
have been had for al¡oat nothlng (!). yet ite
El.on dlcl not vlolate any apllcable Kân8âs D

ment of Tranaportation (ßaDûf), À.àS[I¡O, 'or
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,rÉicaeionst. But the concrete could not gurvive
#i," saLcy, freeze-chaw envirorunent rrithout that
jrri-r*"na of aírt Èhe results of omltting it nere

7q2i!"""n 
"tfically, thfE Ehort narrartve is abour

, oections of 42-1n.-dfameter concrete pipe. They
tnl--i"nuf""tured, Èested, and lnatalled as part oftelir'-in KansaE Clty during 1972. Thls lg an area of
1-'"oui7e veathering, rhich ex¡reriences an average of,l-- 

¿iran 60 freeze-thar cycles¡ 20 ln. of snos ln
YlrZ .t Eix snowstorns, and trro or three sleet or
Ì-^ .torm" each rinter. Thus the end sectiong were

1"..¿ine¿ to undergo hundreds of freeze-thaw cycles
l^j r"ny exPor¡ures to ¿le-icing Ealts.
'' ñone of the ePpllcabl.e specifications at that
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,iúe required air entrainment ln concrete pipe or
inà sections. Durfng 1970 and I9?1, however, TRB

or.earct¡ ResulÈs Dlgest 17 (!.) an¿ Ì¡CHRP Report 115

ìil ft"a reconrmended air entrainment rdhen concrete

^íoe culverts were to be exposed to de-icing saltE.
i1':.9lt Smfth (7) r¡arned that englneers have to be
j"rUay motivated and that sonebody has to care thaÈ
ì¡¡¡!e bit extra when concrete is deslgned and ¡nade.
"-ii p-t Richard I s Alnanac of 1758, Ben Franklin
re¡inded h1s readers that the lack of care usually
is a olgger problern thån Èhe lack of knorledge
i8,p.36). Because a Iittle neglect can cauge nuch
oíi"f, Fr"nklln advised câre even in the nlnutest of
ártt"t". (Useful alr voids are nlnute.) Àa an exan-
e¡s, he added: rFor want of a nail, the shoe eas
iost; for want of a ghoe, the horse wae loet; and

for rant of a horse, the rlder waa loEt, being over-
taken and slain by the eneny. all for want of cåre
aþuC a horse-shoe nall.' Franklln sås a bit care-
legs hlnself ln that he dld not bother to note that
the .for rant of a nâ11' proverb was fron George
Berb€rt's'Jacu1a Prudentutn' publishetl ln 1651. But
rhen lhls is a type of onisslon that â11 auÈhors
rend Co make in their lectures and wrltings. Other-
rlse they would be cluttered sith references thât
¡re best left to books of fanillar quotatlona, such
a! Bårtlettrs (9).

lhe knowledge of ehåt could happen was avallablc.
yêt Chat extra bit of care and cautlon eâs not erêr-
cfsed to deterrnlne lf the end sectlons were alr en-
tralned. The contractor fnetalled 184 ft of ¡12-in.-
dir¡leter reinforced-concrete crogsroad plpe covered
by as nuch as 15 ft of f lU. At eâch end of thê
croggroad pipe nas a ,12-fn.-dianeter relnforced-con-
crête end sectlon obtalned fron a diffcrent sourcG
thân the pipe. The lnlet end sectlon reccives yater
fr6 Èhe pavenent and adJacent slopcs by ray of 115
ft of paved ditch liner, which ugcd Zll yd¿ of
portland cenent concrete. The outlet end sêctlon
ferdg the crosgroad rater lnto â portlon of a 290-
fl-long dltch liner paved wtth 5BB yd¡ of portlånd
cen€nt concrete. This ditch has up to 14.2 percent
slope and carries excesslve paven€nt runoff satêE.

The flrst clue thât thê ptpc end sectlon! eere
Ptobåbly not air entralned canc ln the forn of nlnor
scallngr as s¡een ln Flgures 1-3. (In pigurê I notethrt the larger scales are 0.5 Èo 0.35 ln. acroea.
the scaled spots are scattered but not connected. rn
Ffgure 2 the scåIed âreâ extends rith lncrcaslng
frceac-thau cycles. Note that the ruler is narked ln
inches.) But no one pald nuch âttentlon untlt Èhe
PlPc had experlenced 10 wlntera, 3 of shlch çere
seeere. By then scallng of the outlet end sectlonh¡it Progressed coßpletely through the lnvert, andu¡ìdercuttlng of soll was occurring (Flgure 4). By€¡rly spring of 1982 the undercut,tlng and eroslonl!8 Eevere enouEh that the end sectlon eaa corn-ptetely sep.rated f rom, and nâs âbout 3 f t læerthrn, the rest of the plpe (Flgurê 5).

Test reports indtcated thât the end sectlons hadÞct all Èhe specifications. Eorever, Èhe absorptlon

FIGURE I Scaling of concrete pipe end eection.

FICURE 2 Qoreup of ecaled area showing a new scåle.

FIGURE 3 End section ehowing moderate scaling
of entire invert.
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FIGURE 4 Invert of end ¡ection completely
deteriorated after l0 winterg.

FIGURE 5 End section completely undercut, dirconnected, and
now about 3 ft lower th¡n the next eection of pipc, which i¡ air
mtrained.

Ías 8.{9 percent (9 percent liElt) ând the unlÈ
strength was 4,210 pgl (¡1,000 psi nlninun). Sarlples
of the deterlorated concretê end gectlons ïere ex-
a¡nined microscoplcally. It eâa vcrlfled that Èhe
concrete eås not air entrålned. the deterlorâtlon
wa8 tlplcal of freeze-thau danage thet ls aidêd and
åbet.ted by de-lclng sâlts actlng on non-¡lr-en-
trained concrete. The concrete plpe and the dltch
liner adJacent to the end sectlon rere alr enÈrained
and dld not scale. the lnlet end sectlon has scaled
but not cleår through lts lnyert.

As Eeen in Plgure 5, Èhe eroslon wag also under-
cuttlng the section of plpe ¿lirectly behlnd thc end
sectlon. The spring of 19S3 nas unusually ralny for
Kansas. The turbulence caused by Èhe heâey runoff
and the 3-ft ïaterfall at the nonconnected plpe ras
erdlng â portlon of the toe of the f tII slope
(Flgure 6). (Note Èhat the undercut concrete dltch
llner broke and fell into the eroded dlÈch.) Sqte
minor slldes occurred, but the sltde nrterlal sas
qulckly reÍroved by the heavy ralns. lhe tno plpe
sectlons nearest Èhe outleÈ end sectlon were novlng
clofnslope slightly. The jolnt b€tt'een the first and
second nectlons opened 1 ln. and the Joint beteeen
the Eecond and thlrd sectlon opened 0"5 tn. The
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FIGURE 6 E¡osion of toe of fill adjacent to dieconnected
end eection.

other Jolnts t ere not affected by the downslop.
úc,venent. Otherrrise the alr-entrained plpe has ¡B¡-forned sâtlsfactoEily.

The grief conèlnued. Eroslon undercut the coI¡
crete dltch llner, which broke and ilropped lnto thr
nevly eroded dltch (Flgures 6-8). The ero8lon coulô
have b€en nuch sorae, except thât sme of Èhe con-
crete ditch liner wag reBtlng on Èhe neåthered tQ
of b€drock. this ledge of rock, partiâlly observrbl.
ât the bage of the dltct¡ liner ln Figure 8, sloi.i
and conÈrolIed the progresa of eroslon ln a crltlc¡t
âreå. Flgure 9 gives an oveEall vler of the flll,
showing Èhe eroslonal scar ln the toe of Èhe ftll
slofr€ a few seeks before rep¡lr activltles began la
late sÞrlng 1983. Håd repâlrs noÈ been nâde, nost ol
Èhe dltch llner sould have becn Iost. Ftll sllalú'
rculd håve increaged because eroglon nan novi4
tosard the thlcker pårt of the fi1l, ås seen t!
Figure 9.

Repair involved removal and replacetnent of tha
damaged end sectlon. The daraaged ând undercut por-
tion of the concrète dltch llner eas also rendtt
and the eroded dltch wae fllled ln wlth recycleô
concrete, brlckg, and li¡¡estone rubble (Flgure I0).
(Note thât unalzed rubble llnes the dlltch.) An oeer-
all vlev of the repalr ln the sarne general perspcc'
tive âs Flgure 9 can be Eeen ln Flgure ll, where IÈ

rnay be noted that â11 of the erosional scârs yÊfa

not yet corrected.
To sun up3 For want of alr, ån lnvert rJas¡ lortt

for eânt of an invert, an end sectl,on was Iolttt for
want of an end section, å ¿lltch llner nae loatr
belng undercut by uncontrolled runoff rater, all fof
sânt of câre about entralncd alr.

therefore, it iE conclu¿led that alr êntrainænf
or other valict protection neasures should be used l!
concrete pipe ând end Eectlons lf Èhey are to
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FIGURE 9
rePeùs.

General view of fill ehowing eroeional ¡c¿¡s before

FIGURE I Portion of concrete ditch liner reeting on
hdrock.

FIGURE l0 A u¡ed end eection in pla'ce.

FIGURE I I füneral view after repri¡ from eame perepective ar
Figure 9.

+,'ffif*&¿&ffir¡''91 Ð,i:- .Çiå:trsEw-ry

flGURE 7 B¡oken concrete ditch liner no longer

nrpported by eoil below.



98

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-


