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Precast concrete Pipe Durability: State of the Art
MIKE BE.{LEY

ABSTRÀCT

In Èhls paper the perfornance of precast
concrete pipe is reviewed, and state-of-the-
arÈ information concerning Èhe durability of
buried precâst concrete plpe ls presented.
The properties of precast concrete pipe, and
oÈher factors that influence durabillÈy, are
discussed. The perfornance of precast con_
creÈe pipe in speciflc aggressive envfron_
ments is evãluated. The service Iife ofprecast concrete pipe ln nost installation
environnents is virtually unlimlted. Aggres_
sive environmentE are readily identlflable
in the design -qtage, end precautlcas â!ê
available to elininate any concerns nith the
use of Precast concrete piPe.

Most aEpects of buried plpeline clesign, fron flow
deternination to loads to structural analysis, are
rrell-estab1lshed. The aspect of durability, hosever,
is not as well understood by designers, and there-
fore it ls generally not given proper or ådeguate
conslderation, esfrecially when blds are requested onelternate meterials, unlesa a least-eost analysls Is
being performed (l). Any consideration of durability
and least-cost arãlyses nust begin flith definftions
of the required project service llfe and the dura-
bility of plpe naterials.

In NCHRP Synthesls of Etghway practlce 50 (Zl ,iDurability of Dralnage plper' gervice life ts ãe-
flned by the nunber of years of relatlvely rnainte-
nance-free perfornance; and iÈ iE noted ln the syn_
Èhesis thaÈ a hlgh level of nalntenance nay justify
replacernent before actuâl fallure occurs. In thisreport it fs stated thât for service life gulde-
lines, designers generally are looklng for rela-
tively nâlntenance-free culvert perfornânce for at
Ieast 25 years ln secondary road faclllties, for ¡tO
years or more in prlnary hlghway, urban translt, or
rå1I fåcllities, and longer servfcc life reguire-
ments for hârd-to-p1ace culverts ln key urban loca-
tlona or under hfgh fills. It ia also stated in the
synthesls that a durability sâfety factor of at
leåst tso should be used to aaaure thât the struc-
ture uilI deflnitely serve its requlred life span.
Sêsers are key facllltles and are constructed inurban areaa ïhere any instâtlatlon is cosÈly in
terns of both dollars and public lnconventence;
therefore they should be designed for a servlce lifeat Ieåst the same ae regulred for pipe under high-
type road fåcilltleB.

The Bureau of Recl.a¡tlon has deeeloped the rnost
conprehensive definition of a ¿luråble concrete pipê,
but iÈ can be applled to any pip€! ¡A durable con-
crete plpe is one thât rltl eithstend, to a såtls-
factory degree, the effects of service condltlons Èo
whlch lt will be subjectedr (3). This definftfon
contalns three variables Èhat .uãt ¡e evaluated: the
concrete pipe, the satisfactory degree of perfor-
nance, and the servlce conditions.

DI'RÀBILIry

stalled in !{ohawk, New york, ln la¿2, tniì'-¡-ilprecast concrete pfpe is in excellent ."naitil

exanple, Ehe Roman agueducts are still usable ¡more than 2r000 years, and there lE a buriedcrete pipellne in fsrael that was tentatively das 3,000 years old ($. More recently, the fknown concrete plp€ seser in North Arnerlca eaEcaÈedt five sectionf¡ were renoved in Septerîb€rfor fngpection and historlcal purposes (:).

after 140 years, and the Eections ,ern.ining in'i,.qvice are expected Èo perforn for severalturies. r=rrvrr Ler severãr Nolê gq6
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A search for precast concrete pfpe durabltt_
:::.ot:.T:--*dt.-_"_.","_ -:!."! .f:, prourãmã .*i"i,-'ilvy..es:ss¡¡L¡), rew rnvesEtçJaErons nave been conducktand published (3r5). In 1992, hoeever, the orr^Departnent of TranE[rortation published 

" r"oorr-"^]
Èhe reEults of a lo-year Etudy of more tha;-ì'.7culverts in alI areas of the state, *t,ict incijiä545 precast concrête pipe lnstallatlonE (:). lËenviroDûentaI condltlons in ohio areneutral, as are most åreas of North o^"rr.::t::å":ilsofIE and eater do not possress any ctraracteristiiithat would contribute t.o prenature deterioratlon ilpipe, except for a fes areås rrith nine acid ã;il;;problens. An equation for predlctfng service tìiiwâE developed for precast concrete pipe, whtcn rËlates pE and plpe slope to the nunbèr- ot years iå¡the plpe to reach ¿r poor conditlon. Wtth the eg¡¡-tlon plotted graphfcally (Figure l), ir f" .""åìi¡
apparent thåt a concrete plpe placed on an avetâgrslope of 1.5 percent, and lnstalled in an envlro¡rnent wlth a pE of 7, wlll take about 11000 years toreâch â poor condltlon, and, ln an aggregslve envl.
ronment with a pH of ¡t, the concreÈe plpe wlll lart100 years, whlch ls adeguate for any sewer or ntgh,tl¡pe road faclllty.

HÀTERIAT, PROPERÎIES

Three properties of concrete--coÍtpressfve strengü,absorptlon, ãnd nater/cenent ratio--are generell,
consldered lndlcatorg of durablliÈy and are lnclualqt
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For all nornal, everyday installatlons, Èhe servlce
Iife of concrete pipe is virtually unllDited. For

pH

FIGURE I Concrete pipe culvert life.
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ton"ti,i,ior"""Live strength when derivered, whlch ls
?tt.::;; from 3 to 7 days afÈer manufacture, and

lÎT'n "ãr*"tty 
results in 28-day strenqths of 8,000

io lz'ooo P"t'

AÞ5ofPt 
ion

.roorÞtíon is a static measure that sinPly deÈer-
¡"--'-ro rralrrne of uolds ln concretê- InitlâIlv
::5" t;'-" ;;;il.y 

-"on.'"i test ror thin-warr con--

l]]o ¿rain tire to åssure adequate reEistance to
Ï'",.iins action, absorPtion tesÈlng haE been gradu-
lii" appfied rrithout any substantiating reEearch to
i'..å"r- pip" nith thicker ¡¡aÌls aE an lndlcacor of
j,i'i¡ifitv. cast-ln-Place concrete iE consldered
iiri quafity wlth 10 to L2 Percent absorPtion,
,nJr""" Precast concreÈe pipe speclfleatlons require
l"-."rption not to exceed a maxi¡num of 8'5 to 9 Per-
äãii,-"n¿ pipe is nor:nally produced with absorPtlon

significantlY less'

Facerlcement Ratlo

precrst concreÈe piP€ is Produced ïlth â 1æ sater/
cement ratio concrete. The erater/cernent ratlo is so

iø for nachine-made plpe that the concrete IE Eald
to have a negative EIurlP, rrhich neana thâÈ sâter
coulil have to be added before ânY slu¡ûP roulô occur.
Cest-in-Place concrete nixes are deslgned wlth rnuch

hlgher Heter/cenent ratios and are placed rlth
slu¡lps ranglng from 2 to 12 tn., whlch re8ults in
relatlvely lon strength concrete slth excesalve
voids.

SERVICE COI{DITIONS

- . ¡.-olace concrete for Pavenents and structureg
:asr":'^-'-1rv soecified as 3,000 to 4,000 psi con-:tt"^.'n.i^tly specified as 3,000 to 4,000 psi corn-
i5 Y-:' -L-à^ãÞÞ. ^Þ Þhô êñ.1 ôf ?n dâvs^ Þrecâqlís Yl,'.,o strength at Èhe end of 28 days. Precast
7c"t"::: nioe specifications require 4,ooo to 6'oooJ¿" pip" sPecifications requi_re 4,0o0 to. 6'000

concrete plpe has been proven to be a durablcr long-
servíng product that haa galned the respect and
confidence of engtneers throughouc the ttorldr buÈ
there are r¡everål speclflc environnenÈsr which are
readlly ldentifiable' that usually concern engl-
neers. Except for acid environnents, horeverr the
concernr¡ are perpetuated by experlencec alth exPosed
cast-in-place concreee and stateûentg frqu the cdt-
PetiÈion, even though there are no recortls of any
problens wtth buried prècâtt concrcÈe PlPe In these
environrnents. The perfornânce of concreÈe plpe ln
each envtronment is dlscussed, along rith any Physl-
cal characterlstlcs and envlrorunental condltlons of
a speclfic inEtallation Èhåt coulit lnfluencc dlura-
b illty.

.Àbrag:longnd Erogion

the veloclty of an effluent, bY ltself' doês not
create problena for precast concrete PlPe. The clty
of Los Angeles speclfies a naxlmun veloclty of 40
ttlsec for concreÈe pipe (Ð. Most road dralnaqe
crlÈeria require concrete Iinings for dftcbes nhere
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velociÈies exceed L2 to l5 f.l/gec. Àbrasion or
erosion depends on che size, hardness, and quantlÈy
of solids being moved through t.he Pipe.

An investigation by the À¡nerican Concrete PiPe
Àssociâtion in t.he 1950s to locate and quantify
abraElon failed co find any problems, but did find
precast concrete PiPe set on a 4s-degree slope
serving as a flume Eor mine tailings' wlth no evi-
dence of abrasion (!). fn the past 14 yeârs only one
instance of an abrasion problen nas rePorÈed' antl
ehis was a culvert on a steeP mountaln Elope !n west
Virginia, which had a hlgh volune of waÈer carrying
boulders I Èo 2 ft in dianeter throuqh the piPe. The
final soluÈion was welding rallroad ralls to the
reinforcement cage in the invert to allos the
boulders Èo Ekid through the PiPe.

F reeze-'¡her

Freeze-thaw danage of pavenents and bridge dleckE is
all too fa¡nlliarr but thls Problen ls experienced by
erçosed caEt-ln-Place concreÈe and is related Èo the
frequency of freeze-thâs cycleE. Precâst concrete
pipe does not freeze shen buried, et(cePtr possibly'
for the ends of large dlanreter culverts. The high
3Èrength, 1oç waÈer/cement ratlo concrete of precasÈ
concrete pip€ lnherently has excellent regisÈance Èo

freeze-t.haw forces (10) .

sulfate solls

Sulf âte problens have been almst exclusively
ll¡ûlted Èo erposed cast-ln-Place concrete gtructureg
located ln arld âreaE of North Anerlca wlth alkalt
Eolls. The Bureau of ReclanåÈion has ride experlence
In these areag and haa clevelopcd general crlterlå
for evaluating sulfâte envlronmenÈs. the bureåu
statea, horeverr that IE has not found any sulfate
problens in buried precâst concrete PiPe (!. fne
reslstance of Precâst concretc PlPc to sulfate at-
tack ls eaally unclerEtood In vlew of the bureaurg
guidellnes for greventlng sulfate attack in exposed
cast-in-place concrete, ând the nechanlsn of sulfate
aÈtack. Bealdes use of lyPe II or lyfre V cenent and
f1y aEh' the bureau lndicates thae aulfate resis-
tånce ls increaeed by Etean curlng, hlgh cênent
content, ând los absorPtion--exactly the chârrc-
terlstlca of precast concrete PlP..

Sulfâtea attâck the lnterlor of the concrete
through a cheElcal reactlon slth trlcalclum aluni-
nåte to forû exPanalve coru¡nunds thât illErupt the
concrete. For aulfate to Perneåte concrete, lt nust
be in Eolution, and the lack of raln and grounduater
in alkali soll areas greatly reduces thls posalbll-
1ty. To obtain a sufflclent ¿¡rcunt of sulfate to
câulre dlEruPÈlon of the concrete requlres an evaEo-
ratlve surface to concentràÈe the suIfâtea rlthln
the concrete.

Flgure 2 Ehors four posalble calte8 of hydrostâtlc
and hydroklneÈ[c relâtlonahlPE. In Caae I sater
preaaure Is equal on both sides of the Plpe t!11,
the concrete beconea saturatd' stâblllty lg
reachedr no further gater rKwenent tåkes Plâce, ând
no sulfate attrck cân occur. fn Casc 2 there ls â

pressure dlfferentlal that cauaes neter noeetûent
through the rall, tut Èhere ls no evaporãtlve sur-
face to concentråte sulfates. The dlrection of novc-
nent lE also critlcrl, and nornally lt will be frm
the tnnlde to the outaidê of the plpe, whlch rould
prevent soll Eulfâteg froû Perneâtlng thê PiPe. In
óages 3 and 4 eåter rrcvenent ls by dlfferentiâl
presEurê or capillary actlon to an ev¡Porative !¡ur-
face exposed Èo the âtrcsPhere. In Practlce these
caaes âre repreEented by canal llnlngs and pave-

Y

d



TransPorcatÍon Research Record

ñ-.-l--
I: i i- -:'.')

Ë:r;;ì;'l
l',',::..'1.¡
l":e ,-'l

w
S¡runtion
ft¡öilitY

CASE 1

X Dsr xps

geveral scfentific breakthroughs now enablegeneration of hydrogen sulfide-to be- conì
:I.r,":tÌ: se,ers q3'l' 

"nu 
pred icred l'. 

"tÏt::!(¡1); in new ""r"ã, ir Èhe p.ourlì ;;.r.ï ;l::^t"!:u by proper sysrem desisn, .i." ìi" 
^^^_

::T: :i?"Ï :ï:ï".'"': be surricien'i; ;::t'"'"åi
vice life (3). 

meet Èhe reguired project 
;

IÈ appears that sone co-n-fusion prevails ¡ggiilli.":^Ì:ill!::, and sulrurù 
"Ji¿.'ï"'-o."Jstated, potentially aggressive sulfates ;rJ';;:

iï:t:""""-:::l: .'l^ 1ã_- 
ar1 

- *Ls-.",ïï**. r.rmust penetraÈe the co-ncrete and be 
"on."na."au,aalevaporation to cause disruption. ,t" "". ìr ,yn"cetnenr iE reconrnended to rnåke .."1_i.:;;;ê con^.nore Eulfare resisranr. sulfides i'" åe-*"*.ii

.::.1.:^-.-.1:.'-"re¡ !v!1os-en sulfide s"" áol" no¡rack concrerêr bur i: goes "tr".l i;.;'"ì"ï:
:,.1::"L^..1"_,_,i1:", ir. i-s roxic 

"nu 
ïi",**r". ,favorabte condiÈions l,ïð.o;;- ";ürå""' äli'ì.

:i:*",::..:Tlflr1.- acid on t¡e crosn- o'i .,,"glpe. sotru'ic acld attacks- .;; ";;ä;. i, 11"_-.*.iron, gteel, É¡nd other a¡|a.¡.! - encraq.
â_- _-- _ ; r,-Lr¡ .q¡Þ. rype I f cauldoea nor nrke concre.",*i"-ì-"ìä;i"=...:"f0,
Èack, although it isbv qm- rÃ^--¡-_ __! erroneously sp€cified asby sone agencrea .na .ngii"åi!l--¡ 

ùtÆu¡r¡eq as

The second source of lnterlor aclds fs thefluent. Oceåsionâllv.
¡¡tÀ. t- _.-r_-^_- -.. an effluent can contain
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FIGüRE 2 Hydraulic and hydrokinetic relationohipe.

ments, which have experfenced moEt of the problensfr@ sulfâte attack. With respêcL 
-to 

buried precâstconcrete pipe, sulfate problelne are inhibit"å Uy 
"lâck-of the proper mechanlg¡ to "oi..ilr.te sulfatesín .the concrete, and åre furÈher iiniuit"¿ by thehigh srrensrh, los absorprion ;."p";;i;" of precâsrconcrete.

Chlor ldes

The noat sfgnifrcant aggresslve action of chl0rldesis corroslon of EteêIr--ana proUiei"-'f,""a b€en ex-perlenced slth the relnforcenent 
"i'-i.ijE" deckg andEeawâter strucÈures exlrosed to tidal 

"atfon, such aspf11n9e and plere. As rlth suffate!,--; cauaê cor-rosfon chlorldee nust be in solutioi, perneate theconcrete, be concentrâted, and also nave a rerdysu_pply of orygen. ttrere aie no ."poit"'or evldenceof âny chlorldc-lnduccd 
"o.ro"foï- 

-plroof.r" 
rf thburied precrst concreÈê pfpê. Àgâln, tñia a¡eencc ofproblena i8 âttrlbutcd tã , f.ci 

"t'til-p.op.r nech-ånlan to concentrere chlorfdeg ii-"ã"lrlt., â 1âckof oxygcn, ând thê.hfgh strcngi¡,--iä âbsorpÈlonpropcrtles of precrat concretc. ttri" 
"ãnafoalon wagrecently confirncd by Nrvrl Clvil rngtilertng r,aUo-ratory regearch on concrctê spherê! "ith I.s" than 1in. cover ovGr thc 

- rcinfoi".r.it -ii 
rhfch thespheres yere guhcrged up m l,oo-ó- ri"acep fn thePaclfic Occân (ll).

Àclds

The lâst envlronucnt of conccrn, ând the only onereadlly aggreaafvc to burled p."å""t -.o-n"rêtê 
plpe,ls ån acfdlc cnvlronncnt. Àcld attack l¡ a curfaccattack, ând i! dlvldêd fnto Èro 

""t.g"rf;, lntellorand crterlor.

Interlor Aclds

In the pfpc lnterlor acfd åttack can occur fro! troEoutcca. Thê flrlt aourca ls Èhê hydrogên aulffdêcycle' rhlch Eåy occur ln canftari--;=jrere (I2).gnder proper clrcu¡stancc" 
"arag"' a* generate

lvdroeen sulfldê gas that n¡v ue 
-ããnve-r-ica 

to sul-furlc acfd on u¡ã cr*n of rhG ;i;:- àfncc rgrr

acid: in culverrs rnrne_,acra -ãlãi,iöl 
ï:;ïå" f

:::? ::i, .",.u.^r,: ^":". :_ ".- 
r_u: : " 

; 
- 
;; "äñ"ä 

i n f r oivariery of sources. ¡n acr¿rc--LrãËiïriï :l
iT::,:tr: mårer_iåts, 

. and Èhe "i""-".r" arÈackrlntÈed to rhe pipe inverr, ;, ìh; 
";1r"1'r'"it,åH. ,t'ì^"1"- ":"i,^.:l t¡" "t"r""-'lì î'"irr"r.,duIç acld ln a seeer or strean. ,r.ar"t"tffi [required ånd has successfully .rr."iii"å'

Probleata. 
q¿¡t'¡areq colloSfq

Exterlor Aclda

Exterlor âcld attâck, ålthough chenfcally the seaa an interior attack, lnvolvee . .di"a.fv ¿U.ferent envlronnent. When ân acidtc JJi-o. g.ourrl.wtter 1! encountered, its effecg ãi--"on"r"t. tagovêrned by pE, totâl acidlty, grouia";er cordl-tlona, ând backflll Eâteriâl. -rotar 
ac,i¿lÈy i8 rù.atnounÈ of acld available to attack tt.-pjp". ¡, oexrnple, å torrl acfdity of 25 mg p.i-gl"" oa,oil

. If acldr ârG encountercd and cannot be ¡llevt¡tdby othêr counterDGåaurea for eithcr interior orertêrlor aclda, a precåst concreta plpe can Ue praduced 
. 
rith a htgier torrl artarin-íùr- incrc¡¡dconcretc. coyêr, a protêctlvc coâtfng oi' Iinfng, øàny cdblnatlon of Hrc¡c. fn ¡dditlon, for exteriot

equfvatenr sfrh â on..oi s ""orä'iiliJ;"'"'"";ätfålty aggreasfve -slruarlon, 
"i¿-'î'-JJærehen!traulysis of the site ånd courrterie¡surãã shour¿ ¡

::Tf.*. such asgrerlive gitualioie -äur 
rarrr¡natur-allyr. end are gcnerally tlâmrde, soln 

"s süf-trry landfittg and induetrtai d;r"ií"p;;-"r areâ!.In rn inrtallrtlon rith no *""ro"J'* slol m¡Ì¡ûcnt of groundeåter, Èhc acld fn .åit".t ïfÈh t¡tconcretê pipc viII bê nêuÈrallzed and ftã a neut¡¡¡zo-ne thàt ltæs furthêr corro¡ion. For in8tallattdtlri.th €lgnlflcånÈ groundrrtêr flor, ifE;;ìone blcÞrrr¿ nrl ÞcGn guccGa8fulty uged a¡ a neutrall¡!¡tbarrler to prêv€nÈ corrosion of thc coicìet¿ prpo

"l*, ,rn iqcræabtc backfilt ;i..r;i-, such ú
91ay, ha¡ pro?ed to bê ân cconølc¡l and succes¡f¡lbârrtêr rhåÈ prevênr! fror f;;-;;j;s rhê cúrcrêÈa plpa.

erpoaure only, thc backftll Daterlâl 
-a"r, 

¡" elt!.r ¡of lor pcEucrbiliry ao aa ro inhlbtr 
".i¿ ,"pf"ifù Fment, or calcarcoua aggregåte go a! to neutr¡ll,the acld.
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--È concret.e pipe has served in an inpressive
,':?:; for more Èhan r0o years, is being installed
fE'".ï. rate of more than 1r000 miles a nonth in
al ,"j'-¡¡¡¡s¡ ica, and has exPer ienced few problens .
Ftl'- oro¡fens have been identlfied and related to
fnllirrc environrnents. Adequate counterneaEures have
tF^"-'i"u"top"d to alleviace the Probletns. wlch the
Þ"t-'1,.¿o. available, the concreÈe plpe installed

i$'i.,ilt rast ror centurles'

Discussion

Crrl M Hirsch-

Bealey speaks of service iife oi concreÈè pipe as
lr¡rr¡allY unlimited ln rnost envlronnente. A few
l"i"ccea e:(anPles of old concrete conduit showlng

^,irt"n¿ing 
durability rrere preEented, which lE

lossible to do for any piPe naterial. Ee noted that
iittte was acÈua1ly done to lnvestigate concrete
l¡- durabillty untll the ohio DePartnent of Trans-
äIi"ci"n conducted å visual evaluation of 545 cul-
iert, pipes and publlshed the results in 1982. Ee

relies nainly on the results of this study to Eub-

slantiate his claim of vÍrtually unllnited durabil-
fty. Enphasis ls placed on a llfe-predlctlon gråph

oroduced for the ohio report (Zl, whlch Predicts
iit. in acidlc rrater on the basis of r,rter pB end

olp€ slope. In thls report nearlv teto ldentical
i¡iphsr whlch lndlcate that acld resistence in-
år""r"" as Pipe slope decreaaes, nere produced. The
graphs illustrate e slope range of 0.5 to 5.0 Per-
åen!, whlch encoßPasses a 1l¡nlÈed lllustråted pE

range of about 2.2 to ¡¡.5. They predlct 100 years
life at pH 4.5 lf che slope 1s 5.0 ÞercenÈ and I00
years'life at pH 3.? if the sloPe 18 onlv 0.5 per-
cent. Ber1ey concludes that the graPh(s) predlcts
about 1,000 yeârs llfe åt ä pE of 7.0 and a slope of
1.5 percent.

DÀîÀ REf,'IEI{ OF OBIO REPONT

An exaninatlon of the dlata used to conatruct the
graphs Indicates Èhât they are not uscful ln pre-
atlcltng Ilfe. the ¿laÈa are too spârae ånd too ln-
conslstent Èo p€rnit llfe predlctlon bY thc tech-
nlque used ln the ohlo report.

The EpårEenesE of th€ dåÈâ ls eYfdênt ln that
only 72 of the 545 concrete plEca surveyed rere ln
r¡ter wlth neasured pE values lesa than 7.0, and
onty 3I of the ?2 plp€l eere exIþsed under condl-
tton8 fllthln or near the lllustrated glaPh PH and
slop€ ranges. Furthernore, 10 of the 31 plPes had
fully protective acid-reglstant Lnvert llnere
(vicreous clay). Flee of the renrlning 21 plpes håd
no reported slope and thus could noÈ håve bcen used
tn constructing the graphs ln their preEent for¡. Of
the ren¡lnlng 16 plpee, 7 r.ere exposed ât lor PB(2.{ to 3.2), where they revealed rapid dleteriora-

'----rllatlonal Corrugated Steel pipe
Penneylvania Avenue, N.W., Sulte
D.c. zooo6

Assoclatlon' 1750
1303, WashinEtont
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Èion, so they are of little value in deterrnlning
performance trends in Èhe critical upp€r end of che
pH range given in Che graph. Of the remaining nine
pipes, six had invert sedftnent that irnproved per-
fornance. Because the authorE of Èhe Ohio report
conEtructed their graphs for unsedlr¡ented condl-
bions, and because they could not Possibly knoï hos
the six sedimented pipes would have perforned wlth-
out sediment, there âre only three ungedinented
pipes nith knosn slopes to deterrnine perfornance
trends in the graph PH range greater than 3.2.

There rrere only two other Pipes exposed below pH

5.9, and one of Èhese at Ptl 5.0 had a Protective
vitreous clay liner, and the other at PE 5.5 had
sedlment. There were ålso 39 pipes ln the 5.9 to 6.9
pE range, and their lrerfornânce should never be used
to Eupport any perceived perfornance trends wÍthin
the illustrated gråPh PE range because Èhe effect of
pH can chånge drastically over guch a large PE range
(2.4 to 6.9), and even over a much srnaller range.

DATA INTERPRRTÀTION

the lnÈerpretation of such sParse dâte i3 oPen Èo

extrene error. The authors of the Ohlo rePoEt fol-
lot,ed the comrlon technique for thls tyPe of study'
which ls Èo look Êor Èhe best perceived neân or
average perfornance trend ln the dlata as a whole.
They Èrled to irnprove Èhe technique and predlct life
by noting the average effect oÉ PE ln the data aE a
whole shile accounting for lnconElstencies ln thls
effect with slope differences. They also Produced
correctlon factors to adjust graph predictions for
the effect of sedlnenÈ.

Acturlly, the effect of PE ln the sParse, scat-
tered dâtâ ls uncertaln, as can be noted by plotting
the plpes on the graphs accordlng to PH ând Èirne to
poor. Fâlr rated pl[re8 (tEoderate losg of âggregate)
are asslgned any of various reaEonable eatinaces of
tfu¡e Èo poor (2-¡lX present age). As shosn ln Flgure
3, the four slope-range llnes frorn the Ohio study
deplct a laEge beneflcial effect of lncreaslng pH at
each plpe slope and thuE suggest 1on9 life at hlgher
grâph pF values. Hosever, thege four lines do not
represent the datâ slgniflcantly b€cauge Èhe effect
of pH ls hlghly inconslsÈent, and Èhere ls no slope
pattern that resolves the lnconsistency. The unsedl-
¡nented Plp€s alo not have a slope Pattern Èhat agreeg
elth the theoretlcål valuea of the four slope-range
llncsl thêre 1s no cretlible Pattern of any tyPe.
Alao, there ls no slopc påttern for sedi¡nented plpes,
elther aa they âre plotted ln the flgure or after
applylng che sedlnent correctlon factors for eâch
plpe. AcÈuållyr a line such ag cD could be the aver-
age effect of pE (see note 3 In figure), and line CD
ls indlcatlve of a far lesser effect of pE and far
[xxrrer plpe perfornance. The dåta apft€âr to separâte
lnto better- and poorer-thän-aeerage groups Èhat
ncrre or lesa parallel line cD.

gndêr such condltlons any acterçt to predlct llÉe
uslng pH ând slope nuat produce large errors. lhis
lE best noÈed by corparlng speclflc plpes. For exar
ple, å plpe âÈ ps 2.6 and 0.5 percent slog€ ers
rated fâlr after 5 yeala' wherea! â PIPC at PE ¡1.6

and 0.7 percent slope saa rated f¡lr afÈer ¡l yeara.
Thus the pip€ ât Èhe loser pB perforEed sllghtly
better, desplte expoaure to an âcid concentratlon
about 100 tln€s greâter, and yet the sloPes of the
Èro plpcs are easêntlally equal. Llkevlsc, â PIP€ âÈ
gE 2.4 ând 2.0 Pelcent 8lofte ras rated Eoor after 11
yerra rhGreas ånother piPe at PE 3.0 and 1.9 Percent
slope eâ! rrtd poor âÉter ¡l yeara. Thua the first
plpe perforned nearly 3 tlnes as well, desplte ex-
posure to an acld concenÈration âbout ¡l tlnes ås
great, ånd yct plpG EloP€! are vlrtually ldentlcal.
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Obvlously, the lack of effect of los pE anong such
data ls caused by sme unknodn âcid-nltlgating fac-
tor(s) other than slope. Tto sedlnented plpes ¡rith
neårly identical sedinênt correction factora ln-
cluded one plpe aÈ pH 3.2 ând 0.6 percent slop€
rated falr after 24 yeârs ând onê pipê ât pE 3.6 anil
0.12 percent slope rated falr âfter 9 years. Thus
t,he plpe at læer pH ånd hlghcr slope perforned
conslderably better, contrary Èo grâph predlctlonst
also, the elop€ ls nisleadlng.

The degree of error produced by uslng slope and
pH alone can. bê aeen easily ln sone câsles by coftpâr-
ing graph lffe predlctions rlth actual perfornance.
For exanple, one unEedlnented plp€ at pE 3.8 and 0.4
percent Elope reåched the pær conditlon ln only 16
years, nhereas the graphs predlct that clo6e to 200
years should have been required (another unsedl-
¡nented piÍre at pE 3.8 yith no reported Eldpe reâched
the pær condition in only 13 yeârs) . Another un-
sedfinented pipe at pH ,1.6 and 0.7 percent slop€
reåched the fair condition ln only 4 years, and Èhis
hlgh rate of deterioratlon contrâdicts graph predlc-
tions of about /¡50 yearE to reach the poor condi-
tlon. A sedi¡nented pipe at pH 3.6 and 0.15 percent
slope reached the fair condlÈlon ln 12 years, rhich
contradlcts graph predictlons. This pipe, even in
the åbsence of sedi¡¡ent, haE a graph predlction of
about 250 years to reach the poor condltion, lf lt

1.5 4 4.5 5

can be assuned thât the beneflcial effect of
creaeing slop€ extends dorn Eo 0.15 percent.
anr¡umptlon is uncertaint Èherefore, uslng a
vative hlgher Elope value of 0.5 percent glvê!
predlcÈed llfe of about 80 years in Èhe absencê
sedl¡n€nt. With lta Èhlck sedl¡rcnt layer, the pipc
supposed to lâst a good deåt longer (about 2,
years usinE Èhe 28X sedlnent factor used in Èhe
report for the pipe), but actuålly thls sed
pipe reached the falr condltion in only 12
The sedinent, factor is llkely ln extreme error,

2.5
'pH

M'IE: T}'THE A¡OVE GRAPTI FAIR-RAIED PIPES A.RE GIVEN A¡I ESTI}IAIED TDIE 1o
POOR, OP 3X PRESE¡{Î AGE. ONE C¡OD-RAIED OIIE IS GIVEN A.BOIN 5X AGE.
ONE N.ÀÎED VEBY GOOD ATTER 4 YEARS CANì¡O! BE ESÎ¡¡{AÎED REASOIIAILY TJELL.

N(nE3 ACf.,¡l:, SLOPE IS ¡¡OTE¡ B¡S¡DE EÂcH OF 15 DAlÂ Po¡!I1s. P¡PES RATED P(þR
0a GooD A1 pRtsErT ÀcE HAVE p 0R 6 ÀFÌER SLOPE (ALL OÎBEIS A¡E FArR).

l¡O18: 11 ¡S lOBl EVIDEIIT TBAI CD C¡tt BE lItE AVER GE pH ¿FFECI By SEttNc TB^I
TEE DATA BOBIZOTÌIÆ. SPRIAD IS A¡ÎIFICIALLY COI{PRTSSED 8Y ÎEr GNAPUII|C
0r mB ¡¡G oF pE (IÐG oF I¡c oF ÀC¡D CoNCEÙlRATIot¡) vS. tB! r¡c Ot trxE.

flGURE 3 Graph of slope, pH, and yean to poor.

even lf t,he factor oere only l.5x or
graph predlction error nould stilL
larEe.

the graph predlctlona Èend to overrate the
e:<posed at higher pE and to underrate Èhose
loeer pE. Àn exanple of the latter case ls a plpc
0.5 percent slope end pH 3.0 that is rated
after 5 years, shereas the grâphs predict 4 years
reåch the poor condiÈlon. These tendencies
thât the graph angle of the four slope-rânge li
Is steep€r Èhan th¡t of Èhe ltne that represents
real average effect of pH. Thus Èhe reål
effect of pH is less than thaÈ suggested by the
lines, and no pipes låst aa long as the graphs
dlct aÈ the uplrer end of the pE ranEe.

!{hen Èhe effect of pB is misJudged substantia

even
b€

o

and the asgumed perforûânce trend for young
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T"'* --. leEs than ls vears ord' and the rour
I tØ"r. i,], re Èo 26 years ord) is extraporated to
f oldege-'--.-, .*tta^" e!ror' guch as in Ehese caEest

I too t*'-' ected. Bealey's suggescion to use the
I ,tn "' ouigiae thelr illustrated PH range and

I i:i:*=*'"t'i, i' l' I I I 
" 
J'ï ::' J"'åt'' 

s r e a t I v c ontpou n d

I tþe-li'-iurttter discussion on- the life-predictlon
I Ï: rio¡n the ohio study, the, reader shoul¿l see rny

| 3i;ï;;" 
or the report bv Eurd in chis Record'

Author's Closure

, thank Hlrsch for pointing out that the Eubstantia-
j,^n *"" not too clear concerning the virtually
l'"iirirea service life of concrete plpe In nornal,
ü"*aa1 installations',

A literature seârch ln I9UJ ln(tl.cat'ecl EnaE J5

-,.ies and nurnerous reEearchers had perforneil cul-
lll,- "ur""y" 

and lnvestigated the durabillty of
]ÍJrin" materialE since L925, reEulting ln I31
T^"ãit". Because the durability of concrete plpe ls
li'"viilent, and research money is norrnally sPent--lr. on Þroblens, 63 percent of the rePorts are
äj"tn"a prlmarfly nith the deterioration and short
lllri"" llfe of corrugated meÈ41 PiPe, 28 percent of
ii" ."port" .oo"t multIPIe plpe materlals' and 5

-.'..nt of the reports deal with only concrete. (A

iiri "r 
the 131 bibliograPhies resultlng fron the

lirar"aot" gearch 1s available frorn the author')
It ',ras ln the mld-19603 that sorne staÈes begân

cotprehensive gurveyn and gathered data on åI1 pipe
oacerials, noÈ just those exhlblting Problens' The

,au"n ao"t conprehenslve rePorts and their conclu-
gions regardlng concrete plpe are as folloes.

l. v.E. Berg. A culvert üaterlal Perfornance
Evaluatlon ln the State of Wasl.lngton. washlngton
StaÈe Highway Co¡mrisslon. Olynpla, 1965: 'eoncreÈe
culvertE were not lnsE€cted on an organlzed ba6l3 ås
rere lhe metal culverts. . . . Concrete culvertst
ehen constructed on a flr¡¡ foundatlon, not over-
loâaled and not subJected to abraglve cear, should
låBt alnost indefinitely. Numerous culvertE were

exanined rhich appeared as ner, even though they
rere instålled over 25 yeârs ago. No aPPreclable
signs of material disinÈegratlon or chenlcål âttâck
cere found.'

Z. L.w. Eyde et aI. Detrlnental Effects of Nå-
tural Soll and Water ElenentE on Dralnage PlPe ln
Àlabarûå. Àlabatna Hlghway DePârtnent, l¡lontgornerYt
1969:'concrete lE reslgtanÈ to corroalon excePt
unaler conditions of extretre acldlty or alkalin-
ity. . . . Eowever, under. condltions other thån
extrene acidity or alkallnlty' concrete p!'pe can be
erP€cted to glve many years of satisfactory ser-
vice. . . . In areas nhere the PH of sqrface srter
is lesE than 4.5, drainage structurea shoultl be
concrete or vttrlfled clây. In areas of hfghly
lineralized acld nine dralnage or where the pH is
Efgnificantly less then 4.5, dralnage structures
Ehould be vttrlfled clay or concrete wlth â Proven
Protective coating..

3. corrugated sÈeeI PlPe for Storn Drains, A
value Englneerlng study. Los AngeleB county Flood
control DiEtr fct, tos Angeles, 1973: rPresently t
storn drâins are constructed using prirnarily reln-
forced concrete plpe or box. . . . For the påst I or
9 years, the corpE has uEed only reinforced concrete
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jurisdictions wiEhin the county are replacing cor-
rugaced steel piPe wlth reinforced conc!ete Pipe
when the need arises. The naln reasong given are
high Íraintenance costs attributed to Èhe need for
frequent, thorough insPection, and llnited mainÈe-
nance personnel.'

4. Il.N. swanson et aI. Perfornance of Culvert
MaterialE !n various colorado Environments. colorado
Division of Hfghrrays, Denver, 1977: rConcrete sec-
tions nade of lYpe II cenent ' lYpe rr low aLkall,
Type II low C3A and lype V cenents nere Placed at
the Fruita and the olathe sites ln 1974 and 19?5.
SanpleE made nith lyPe II and qfPe v cetnent were
placed ln Fossll Creek in 1966. À11 of the above
concrete Eamples are sound and ln good con¿lition.
sectlons of concrete plper one ¡nade l{ith regular
aggregate and one with Iirnestone aggregate, have
been exposed to the acidlc condltions of Èhe

Straight Creek Elte for flve yearr¡. . . . The areas
exposed to water shos definlte attack by the acid
water. Àttack hag onlY removed the cernent surfacer
exposlng Èhe ¿¡ggregate. The attack is not very
serious and the pipe under the highnaY ls exPected

---.-¡-- C^' -t tard! ¡ñ^Þhâ? ÞwañhüLO I C¡ltAttl ¡tt Ðt¡ v ¡9s
years.'

5. KentuckY Culvert study. Byrd, TallaÑy,
MacDonald and Lesis, Fålls church, va.' 1979: 'Acid
envlronnent (greåter thân 4 Pñ and less than or
equâl to 6 pR). . .the reinforced concrete plpe Ls
slitl approPrlate ln thls pE range.' 'ExtretnelY aci¿l
environnent (pH equal to or less than {). . .con-
crete Pipe requlres special Ptotectlon to provide an
acceptable risk level for adeguate servlce life.'

6. EvaluaÈion of Hlgheay culvert Coatlng Perfor-
rnance. RePort FEWÀ,/RD-80-059. FHI{À, U.S. Depårtrnent
of TransporÈatlon, I980: 'Concrete iE uaually uEed
ln severely corroaive areaa. !¡lost concrete is in-
stalled uncoated.'

7. R.If. Klnchen. Evaluâtlon of Hetal Dralnage
Plpe Durablllty--Ànalysis After Slx Years. LouiElana
Departnent of TranEPortâtfon and DeveloFlent, Baton
Rouger 1980: 'The tÞpârtnent's hydraullcs englneers
can generally chooae 'lÈher reinforced concrete or
corrugated netal Plpe ln thelr ¿lesigns. côncrete
plpe ls very durable ånd rrith stable beddlng condl-
tiona can norrually serve effectively for the llfe of
a hlghway. Íhe L¡u)OrD also recognlzeE that rnetâl
pipe has its Prace ln th= fleld of hydraullcs and
maintalns an interegt tn lnnoeations ln netal
pipe. . . . The rnaJor dravback wlth ¡netal PiPe is
Its tendency Èo corrode ln the Preltence of nolsture,
oxygenr and Ealt.r

AE the foregolng lndlcate, substantial and con-
prehensLve research was âclually done to lnYestlgate
concrete plpe boèh bêfore ânil after the stârt of lhe
ohlo Department -f -rânsportation stualy ln L972¡
hoeever, the daÈâ Eron these lnYestlgatlons lndl-
cated that the Performrnce of concrete plpe ras so
good thât the ¿levelcFênt of Predlctive Eervice llfê
equâtlons rras -ranlnglegs, and lngteâal generâl
staterûenta were n¿ -' to the effect ÈhaÈ eoncrete
pipe would last lndeflnftely ln nornâI envlrorunentg.
Initlally, even the ohlo Etudy saa afflicted slth
ÈhiE problen

For the Ohlo study, l,oth the concrete and cor-
rugateô steel ptpes nere randqnlY selected for in-
vestlgatlon but' to ob'-aln any neanlngful servlce
llfe eguàtion for concrece Pipc' only the daÈa frorn
sltea nith a pB of lesa thân 7 sere stâtlstlcally
analyzed. A look aÈ Èhe overall study indlcate6 the
excellent perfo.nance of concrete PlEe: ouÈ of Èhe

519 concrete culverts studled, only 9 uere ràted ln
poor conilltionr 33 in falr condtitlon' and 477 ln
good to excellent condltlon. Of the nlne in poor
condiÈion, one has been rePairedr and repairs arePlPe In this area. Eowever, alÍìoat ålI of the
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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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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


